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Immunofluorescent staining of rabies virus antigen in
formalin-fixed tissue after treatment with trypsin

J. U. UMOH1 & D. C. BLENDEN2

Formalin-fixed central nervous system tissuefrom clinically rabid animals was treated
with 0.25% trypsin and testedfor thepresence ofrabies virus antigen by direct immunofluor-
escent (IF) staining. The results were comparable with those obtainedfrom direct IFstaining
ofacetone-fixed standard smears orfreshfrozen-cut sections. Experiments were conducted
using coded brain specimens (classified as IF-negative, weaklypositive, or stronglypositive)
and showed a specificity of 100% for sections and 92% for smears; the latter figure was
subsequently improved by modifying thepreparation technique. The specjifcity ofthe tech-
nique was checked bystandard virus neutralization ofthe conjugate, andby known antibody
neutralization of the virus antigen in the specimens. The optimal duration for the trypsin
digestion wasfound to be a minimum of60 minutes at 37 'C or 120 minutes at 4 IC. The
tissues could be held in bufferedformalinfor between 3 days and 7 weeks with no apparent
difference in the results. Satisfactory concentrations offormalin were 0.125% or 0.25%.
Trypsin wasfound to have no effect on non-formalinized tissues, with the exception that
softening occurred making tissues harder to cut and process.

The results suggest that trypsinization offormalin-fixed tissue is a validprocedurefor the
preparation of tissuesfor IF examination, which would be useful in cases where the current
standard techniques cannot be used. However, further evaluation of the method is still
required.

Immunofluorescent (IF) staining is the most accu-
rate microscopic test available for the diagnosis of
rabies (1), but, to ensure reliable results, the central
nervous system (CNS) tissues to be tested must be
preserved by chilling, freezing, or by placing in a 50%
mixture of glycerol and saline solution (2). The trans-
portation of the tissues to the rabies laboratory often
presents difficulties, however, since facilities for
refrigeration are usually limited. Even when ice or dry-
ice and insulated packages are available, the delays
involved in transportation often result in deterioration
of the tissue en route, which increases the likelihood of
false negative results (3).

Because of these difficulties, many specimens are
not submitted for laboratory examination, even
though it is important that decisions on post-exposure
prophylaxis should, whenever possible, be based upon
the results of laboratory tests. Also, as specimens are
submitted only from areas thought to be accessible to
laboratory services, any surveillance data derived are
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highly biased.
There is a great need for a chemical method of tissue

preservation that would allow storage for extended
periods without freezing. If this were available, a
higher proportion of decisions regarding post-expo-
sure immunization could be based upon laboratory
data; cumulative surveillance data would be more
representative and meaningful; and the infection
hazard to laboratory workers would be reduced. It is
generally felt, however, that chemical preservation
makes IF examination virtually impossible.

There have been numerous attempts to find a satis-
factory method for immunofluorescent examination
of chemically-preserved tissue, or for retrospective IF
examination of tissue that has been formalinized at the
time of necropsy. In the early work, however, smears
or frozen-cut sections from tissues preserved in
glycerol-saline were found not to be satisfactory for
IF examination after fixation in acetone (4); the
elimination of acetone sometimes improves the fluor-
escence (2). Also, smears of rabies-infected brain
tissue were found to be still infective after fixation in
acetone for 4 hours at -60 IC (5). The use of 95%
ethanol as a fixative was first described by Sante-
Maria (6), but has since been found to produce exces-
sive non-specific staining and generally poor results
(7). Dioxane (diethylene dioxide) has been used as a
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one-step clearing and dehydrating agent for the
IF detection of IgG or IgA; however, it is highly
dangerous to handle in the laboratory (8).
The method of Sante-Maria was modified and used

for the detection of rabies virus antigen by Fischman
(9), who employed formalin fixation followed by
paraffin embedding, and by Silva & Silva (10), who
used paraffin embedding only. Huang (11) later
introduced the use of trypsin (EC 3.4.21.4) to improve
the staining of formalin-fixed paraffin-embedded
tissues. More recently, Johnson et al. (12) have
reported the successful use of IF in the identification
of rabies virus antigen in tissues from three human
cases and from experimentally-infected mice, by
trypsin treatment of paraffin-embedded formalin-
fLxed histological sections.
The fixation of specimens using buffered 100 ml/

litre formalin solution prevents temperature-and time-
related deterioration and renders the tissue completely
safe to handle in the laboratory. To date, however,
any preservation technique other than freezing has
been avoided by both field and laboratory personnel
because of the possibility of producing an excess of
non-specific staining.

In the present study, tissues suspected of containing
rabies virus were preserved in formalin for various
times, smears and frozen sections were prepared,
treated with trypsin, and then examined by routine
direct IF. The results were compared with those
obtained on acetone-fixed standard smears or fresh
frozen-cut sections.

MATERIALS AND METHODS

Specimens of brain and cervical spinal cord,
3-5 mm3 in volume, were placed in 100 ml/litre
formalin (pH 7.4) for between 3 days and 7 weeks,
after which they were removed and washed with
0.1 mol/litre phosphate-buffered saline (PBS) (pH
7.5). To prepare smears, the specimens were crushed
or cut into small pieces and placed in Hanks' balanced
salt solution (HBSS) (pH 7.8) containing 2.5 g of
trypsin° and 0.2 g of calcium chloride per litre, for 1
hour at room temperature or overnight at 4 'C. After
the digestion, the tissues were washed twice with PBS
and 2 smears were made on each slide. The smears
were fixed in acetone at -20 IC for 30 min and air-
dried before staining.
To prepare specimens for frozen-cut sections, the

tissue removed from the formalin was washed as
above, trimmed, and mounted on brass cryostat
buttons in a commercial mounting medium.b After

a Grand Island Biological Co., Grand Island, NY 14072, USA.
b OCT compound, Tissue Tek II, Lab Tek Products, Naperville,

IL 60540, USA.

freezing in the cryostat at -20 °C, 10-,m sections were
cut and 2 sequential sections were placed on each pre-
cleaned glass slide. The slides were placed in acetone at
-20 °C for 30 min, and then immersed in buffered
water or saline (pH 7.6) for 1 min. The slides were then
placed into Petri dishes and covered with HBSS
containing 2.5 g of trypsin and 0.2 g of calcium
chloride per litre. The trypsin digestion was carried
out for 1 hour at room temperature or at 4 °C over-
night, after which the slides were rinsed in PBS (pH
7.5), refixed in acetone at -20 °C for 10 min, and air-
dried for immunofluorescent staining.
A standard technique for direct immunofluorescent

staining was used throughout this study (1). A
commercial antirabies fluorescein isothiocyanate-
labelled conjugatec was used at a working dilution of
1: 150. After incubation with the normal and infected
mouse brain suspensions, 2 drops of 0.1% Evans blue
dye was added to each tube of conjugate-brain
suspension mixture as a counterstain. The sections
were then routinely stained and air-dried. The specif-
icity was checked by the standard technique of dilut-
ing the conjugate with brain tissue from a mouse
infected with Challenge Virus Standard (CVS) and
also by pretreating smears and sections with a high-
titre antirabies goat serum.
Examination was carried out using a Leitz Ortholux

II microscope with epi-illumination and an HBO 100
illuminator. The filtering system consisted of KG-I
heat absorption, BG-23 red suppression, 2-KP 490
(= KP 500) excitation, and K 495 suppression filters.
The slides were examined with a lOx ocular and a 95x
objective lens, with non-fluorescing oil placed directly
on the specimen. Interpretation of the results was
based on the presence of apple-green fluorescence in
discrete dots or conglomerates, and the absence of
these in the inhibition control slides. A 5-point scoring
system was used to record the quantity of fluorescence
present in a tissue section: - = no definite fluor-
escence in any field; 1 + = fluorescence observed in
1-4 fields; 2 + = fluorescence observed in 25-50%
of fields; 3 + = fluorescence observed in 50-75% of
fields; and 4+ = fluorescence observed in virtually
every field.

Using these techniques as standards, a series of
experiments was conducted to test the effect of
changing various parameters.

Preliminary experiments
The first experiment used tissue from the brain stem

of goats and the hippocampus of dogs that had been
collected previously from experimentally infected
animals and stored in a tissue bank at -65 'C. The
tissue samples were treated with formalin and trypsin,

c Antirabies fluorescein-labelled globulin, * 40604, BBL,
Cockeysville, MD 21030, USA.



Fig. 1. Immunofluorescence of rabies virus antigen in section of infected brain. No trypsin
digestion.

Fig. 2. Immunofluorescence of rabies virus antigen in section of brain tissue fixed in buffered
10% formalin for 7 days at room temperature and then treated with trypsin.



Fig. 3. Immunofluorescence of rabies virus antigen in section of brain tissue fixed in buffered
10% formalin for 14 days at room temperature and then treated with trypsin.
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as described previously; smears were prepared from 15
specimens (11 positive and 4 negative for rabies) and
frozen-cut sections were prepared from 34 specimens
(27 positive and 7 negative).
The second experiment was similar to the first, but

included also some tissues from infected and non-
infected skunks, and all the specimens were blind-
coded. A total of 54 specimens was selected; smears
were prepared from all 54 samples (38 positive and 16
negative) and frozen-cut sections were prepared from
48 samples (32 positive and 16 negative).

E.ffect of variation in parameters

Duration of trypsin digestion. Frozen-cut sections
of rabies-positive brain samples that had been stored
in formalin (100 ml/litre) for a minimum period of
1 week were prepared as described above. The
duration of the trypsin treatment was 0, 30, 60, 90,
120, 150, or 180 min at 37 °C; 30 or 60 min at room
temperature; or overnight at 4 'C. Two slides from
each specimen were stained for examination.

Duration of storage in formalin. Tissue samples
were held in buffered formalin (100 ml/litre) for
between 3 days and 7 weeks. A photographic record
was made of sections treated and not treated with
trypsin.

Trypsin concentration. Slides prepared from
formalin-fixed rabies-infected brain specimens were
digested at 4 'C overnight in HBSS with 0.2 g of
calcium chloride and either 0.625 g, 1 .25 g, or 2.5 g of
trypsin per litre. They were then routinely processed
for IF examination.

Trypsin treatment of non-formalinized tissues.
Brain stem specimens from 4 infected goats and skin
specimens from 2 infected skunks were prepared as
frozen-cut sections and placed on glass slides. The
sections were treated with a 2.5 g/litre solution of
trypsin in HBSS containing 0.2 g/litre of calcium
chloride for 1 hour at room temperature. The slides
were then fixed in acetone at -20 'C and stained for IF
examination. This experiment served to verify that the
trypsin treatment itself did not increase the likelihood
of achieving incorrect results.

Analysis of data
The sensitivity and specificity were calculated

according to the method described by Mausner &
Bahn (13), using the following formulae:

percentage sensitivity. no. of true positives x 100
total no. of true

positives and false
negatives

percentage specificity = no of true negatives x 100
total no. of true

negatives and false
positives

The following definitions were used in these calcu-
lations:

truepositive-specimen that was positive for rabies
antigen by direct IF examination of fresh or frozen
tissue, and remained positive after formalinization
and treatment with trypsin;

true negative-specimen that was negative for
rabies antigen by direct IF examination of fresh or
frozen tissue, and remained negative after formalin-
ization and treatment with trypsin;
false positive-specimen that was negative for

rabies antigen by direct IF examination of fresh or
frozen tissue, but gave a positive result after formalin-
ization and treatment with trypsin;

false negative-specimen that was positive for
rabies antigen by direct IF examination of fresh or
frozen tissue, but gave a negative result after formalin-
ization and treatment with trypsin.

RESULTS

The combined results of the preliminary experi-
ments are presented in Table 1. The results obtained
on smears had a sensitivity of 100% although the
specificity was lower because of poor tissue quality,
while the tests on the frozen sections showed 100%
sensitivity and specificity. The formalinized and
trypsinized smears and frozen sections revealed large
and medium-sized aggregates of antigen with no

Table 1. Results of IF examination of CNS tissues from
dogs, goats, and skunks

Without formalin-trypsin treatment
After
formalin- Smears Sections
trypsin
treatment Positive Negative Positive Negative

Positive 44 0 59 0

Negative 48 20 0 23

Sensitivity 92% 100%

Specificity 100% 100%

a Positive result on untreated tissue was marginal (1 +); tissues
had undergone some autolysis.
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Table 2. Effect of duration of trypsin treatment at 37 IC on the results of IF examination of brain tissue

Formalin-fixed tissue: duration of trypsin treatment
Animal Fresh (min)

tissue"
0 30 60 90 120 150 180

Goat 120 4+ - 3+ 4+ 4+ 4+ 4+ 4+

Goat 118 4+ - 4+ 4+ 4+ 4+ 4+ 4+

Goat 110 4+ - 2+ 4+ 4+ 4+ 4+ 4+

Dog 2-79 2+ - 2+ 2+ 2+ 2+ 2+ 2+

Dog 7-79 3+ - 2+ 3+ 3+ 3+ 3+ 3+

Goat 113 - - - - - - - -

Dog 1-79 - - - - - - - -

a With 60 minutes trypsin treatment.

striking difference between the tissues that had, or had
not, been formalinized. It is possible that small
antigen aggregates in formalinized tissue were slightly
less obvious, but the distinction was not marked (Fig.
1, 2, and 3).
The minimum duration of trypsin treatment at

37 'C that resulted in optimal fluorescence was
60 min (Table 2). The 5 positive tissues were IF-nega-
tive when no trypsin treatment was used. The 2 rabies-
negative tissues gave negative results with and without
trypsin treatment. Of the 6 positive specimens treated
for up to 16 hours at 4 OC, one specimen showed a
slightly reduced intensity of staining after 60 min
of trypsin treatment, which suggests that slightly
longer periods of treatment would produce no adverse
effects.
The results were not affected by the length of time

the tissues were left in formalin (up to the maximum
period of 7 weeks). Fig. 2 and 3 show the microscopic
results of IF staining after 7 and 14 days of preser-

vation in formalin, respectively, followed by trypsin
digestion.
The concentration of trypsin used for the digestion

was not critical (Table 3). Although 0.625 g/litre
resulted in slightly reduced staining, both 1.25 g/litre
and 2.5 g/litre gave equal results. The latter concen-
tration has been used in most tests, as it is a standard
reagent in the virological laboratory.

Fresh, non-formalinized CNS tissues from two
infected goats and nerve fibres from the skin of two
skunks exhibited no difference in fluorescence,
whether treated with trypsin or not. While the trypsin
treatment made the sections softer and more likely to
wash off the slide, there was no difference in the
staining or interpretation of results.
When smears or cut sections of formalin-treated

tissues were treated with goat antirabies serum after
trypsinization, no fluorescence was observed in
samples known to be positive.

Table 3. Effect of trypsin concentration on the results of IF staining for rabies antigen in formalin-fixed brain tissue samples
after overnight trypsin treatment at 4 OC

Formalin-fixed tissue: trypsin concentration
Animal Fresh (g/litre)

tissue 0.0 0.625 1.25 2.5

Goat 110 4+ - 4+ 4+ 4+

Goat 115 4+ - 3+ 4+ 4+

Goat 118 4+ - 4+ 4+ 4+

Goat 120 4+ - 3+ 4+ 4+

Goat 121 4+ - 4+ 4+ 4+
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DISCUSSION

The results of IF staining of rabies antigen in
formalin-fixed CNS tissues treated with trypsin are
comparable in sensitivity and specificity with results
obtained on fresh or frozen-thawed specimens of the
same tissues. Thus, fixation and preservation of CNS
tissues in 10%o formalin should be considered in
situations where preservation by freezing is difficult.
Johnson et al. (12) have suggested that the technique
should not replace standard methods, but is an accept-
able procedure when no other possibilities exist.

Prolonged treatment with 0.25% trypsin at 37 °C
did not significantly affect the intensity of fluor-
escence, but did result in tissue disintegration so that
smears or tissue sections washed off the slide more
readily. Reduced levels of fluorescence were seen only
in tissue specimens that tended to wash off. More
satisfactory results were obtained by treating the
sections at room temperature for 1 hour or overnight
at4 'C.
The false negative results (Table 1) observed in the

smears in the blind-coded experiment were seen only
on specimens that were known to contain low levels of
rabies antigen (1+) in the area examined, and on
tissues that tended to wash away, inferring some
degree of autolysis. It was later found that coarse
grinding of the specimen before trypsin treatment
resulted in improved smears. When the initial
problems were overcome, the smear method was fast

and gave results comparable to the cryostat-cut
sections or traditional smears of fresh tissue.
The specificity of the IF examination was

unchanged following the formalin-trypsin treatment,
since neither staining with the standard antirabies
virus conjugate nor the neutralization test of the
antigen in smears using specific unlabelled antibody
was affected.

Formalin fixation probably renders the tissues
impermeable to the conjugate. Trypsin presumably
acts by causing disruption of the tissue structure (14),
and thus increasing its permeability. Trypsin catalyses
the hydrolysis of only those peptide bonds in a poly-
peptide chain whose carbonyl function is donated by
either a lysine or an arginine residue (15). This prob-
ably alters the net charge and eliminates non-specific
binding of the conjugate (16).

This technique would be useful in instances where
rabies is not considered in the diagnosis of an
encephalitic condition until after tissue samples have
been placed in buffered formalin. The technique
should also be especially useful in developing
countries where poor refrigeration facilities and
tropical heat combine to cause rapid deterioration of
tissue samples. However, further evaluation of this
technique is still needed.

It is also important to note that the shipping and
handling of formalin-preserved tissues is safer for all
persons who come into direct or indirect contact with
them.
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RtSUMP

COLORATION PAR IMMUNOFLUORESCENCE DE L'ANTIGENE DU VIRUS RABIQUE
DANS DES TISSUS FIXES PAR LE FORMOL APRES TRAITEMENT PAR LA TRYPSINE

Des &chantillons de cerveau et de moelle epiniere prove-
nant d'animaux enrages ont ete conserves dans du formol A
10/o tamponne (pH 7,4) A la temperature du laboratoire
pendant une periode allant de 3 jours A 7 semaines. Des
coupes de ces &hantillons, faites A l'etat congele, ont et
trait6es par de la trypsine A 0,25% dans une solution saline
isotonique de Hanks (HBSS) additionnee de calcium jusqu'A
la concentration finale de 0,02%, le pH etant ajuste A 7,8 A
l'aide d'une solution de bicarbonate de sodium A 7,5%. Le
traitement par la trypsine a &6 egalement applique A de
petits fragments d'echantillons dans des tubes et ces frag-
ments servaient A preparer des etalements classiques. Les
coupes et les etalements etaient fixes avec de l'acetone A

-20 'C pendant 30 minutes, puis une coloration immuno-
fluorescente (IF) directe etait realisee. Les resultats ainsi
obtenus etaient comparables A ceux que donnait la colora-
tion IF directe de coupes congelees ou d'etalements faits A
partir d'echantillons frais ou congeles de cerveau ou de
moelle epiniere du meme animal.
Des experiences ont ete effectuees A l'insu sur 48 echan-

tillons codes de cerveau dont on avait demontre auparavant
(par coloration IF de tissus frais ou congeles) qu'ils etaient
negatifs (16), faiblement positifs (12) ou fortement positifs
(20) en ce qui concerne la presence d'antigene rabique. Ces
echantillons ont ete conserves dans le formol de 3 A 10 jours
a la temperature du laboratoire. Les resultats ont montre
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une sensibilite de 100% lorsque les echantillons etaient
trait6s sous forme de coupes congelees et de 92% lorsqu'ils
etaient traites sous forme d'etalements classiques.

II n'y a pas eu de differences marquees dans l'intensitk de
la fluorescence quand le traitement A la trypsine a W
effectut dans les diverses conditions suivantes: A la tempe-
rature du laboratoire ou A 37 °C pendant des periodes allant
de 30 minutes A 210 minutes ou jusqu'au lendemain A 4 °C,
ou bien avec une concentration de trypsine variant entre
0,0625% et 0,25% pendant 60 minutes A la temperature du
laboratoire. La spkcificit6 de la fluorescence a ett verifiee par
l'inhibition de la fluorescence apres traitement des coupes ou
etalements digeres par la trypsine avec un conjugue anti-

rabique diluW dans une suspension a 20%o de cerveau de
souris infecte de virus rabique de la souche de virus
d'epreuve standard (CVS) ou bien avec un immunstrum
antirabique de ch6vre avant la coloration IF.
On suppose que la trypsine d6sorganise quelque peu la

structure tissulaire, ce qui accroit la perm6abilit6 au
conjugue du tissu fixe par le formol. Il devrait etre possible
d'expedier dans du formol a 10% tamponn6 les tchantillons
destines A la coloration IF pour recherche de l'antigtne
rabique, afin de diminuer les risques d'exposition pour les
manipulateurs et d'empecher la dettrioration des tissus
pendant le transport.
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