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Studies were conducted on the sensitivity and specificity of indirect fluores-
cent-antibody (FA) staining for identification of group B coxsackieviruses. An-
tisera produced in four different species (monkeys, rabbits, horses, hamsters)
and immune ascitic fluids prepared in mice were compared for suitability in
FA staining. The horse antisera showed high titers of nonspecific staining, and
the rabbit antisera showed relatively low homologous FA titers. Immune re-
agents from monkeys, hamsters, and mice were used for homologous and heter-
ologous testing against cell cultures infected with the various group B coxsack-
ieviruses. Antisera or immune ascitic fluids produced in these three species
showed some heterotypic and nonspecific staining at low dilutions, with the
monkey antisera showing the highest heterotypic titers. However, the immune
reagents could be diluted to a point where they gave no heterotypic reactivity,
but still showed characteristic homotypic staining. Heterotypic staining ap-
peared as diffuse, low-level staining of the cells, whereas homotypic staining
revealed characteristic, brightly staining aggregates of viral antigen in the cyto-
plasm of the infected cells. By using hamster immune sera, appropriately di-
luted to eliminate heterotypic staining and yet give strong homotypic staining,
it was possible to identify correctly 79 (93%) of 85 field strains of group B cox-
sackieviruses at the first passage level in BS-C-1 cells; the remainder of the
strains were identified after two passages in BS-C-1 cells. No incorrect identifi-
cations were made. A limited number of field strains of group B coxsackievi-
ruses were passed into rhesus monkey kidney and human fetal diploid kidney
cells, and these were all correctly identified by FA staining, even the strains
which failed to produce a cytopathic effect in the human fetal diploid kidney
cells. Two human heart and brain tissues from which coxsackievirus type B4
had been isolated failed to show homotypic FA staining in excess of nonspecific
or heterotypic staining.

Immunofluorescence staining of the coxsack-
ieviruses has received increased attention in
the past few years both for the identification of
viruses isolated in cell cultures (6, 11, 17) and
for the direct demonstration of viral antigen in
human cells and tissues (1-4, 18, 20).

Shaw et al. (17) reported on the identifica-
tion of certain coxsackieviruses and echovi-
ruses by direct fluorescent-antibody (FA)
staining using rabbit antisera combined into
pools according to the scheme of Lim Benyesh-
Melnick (8) and conjugated with fluorescein
isothiocyanate. The conjugates were absorbed
with rabbit brain and liver powders and
monkey kidney (MK) cells, and this, together
with the use of rhodamine B for a counter-
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stain, reduced nonspecific staining to the ex-
tent that type-specific identification of the
enteroviruses could be achieved. Hatch (6) also
utilized the direct FA technique for the type-
specific identification of coxsackieviruses iso-
lated in MK cells, but with individual, rather
than pooled, coxsackievirus antisera. The con-
jugated antisera were absorbed with monkey
liver powder and MK cells to reduce nonspe-
cific staining.

Sommerville has employed the indirect FA
technique with monovalent and polyvalent
group B coxsackievirus antisera prepared in
rabbits to demonstrate coxsackievirus antigen
in human leukocytes (20) and cellular deposits
from cerebrospinal fluids (18). He reported
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that nonspecific fluorescence could be mini-
mized by using conjugated anti-rabbit globulin
prepared in mice (19).

Type-specific staining of certain group A
coxsackieviruses propagated in human amnion
cell cultures was demonstrated by Zalan et al.
(21) using the indirect FA procedure with
rabbit coxsackievirus antisera. Nonspecific
staining was reduced by absorption of the anti-
sera with mouse liver powder and human am-
nion cells.

In contrast to the type-specific FA staining
reactions reported by the above investigators,
Chaudhary and Westwood (5) have described
extensive cross-reactions within and between
the poliovirus, coxsackievirus, and echovirus
groups. They propagated viruses in grivet MK
cells and used the indirect FA staining tech-
nique with rabbit antisera and an anti-rabbit
conjugate prepared from guinea pig serum.

Burch and co-workers, using the direct FA
technique, have demonstrated staining of
kidney tissue from patients with renal disease
(2, 3) and of heart tissue taken at autopsy (4)
with conjugated rabbit antisera to certain of
the group B coxsackieviruses. In most in-
stances, staining was demonstrated with anti-
sera to more than one group B coxsackievirus
type.

The specificity of FA staining with the group
B coxsackieviruses should be more clearly de-
fined; this would aid in assessing the signifi-
cance of staining reactions which may be ob-
served- with human tissues. The group B cox-
sackieviruses have been shown to share
common antigens (13, 16) which can be de-
tected in immunodiffusion or complement fix-
ation tests using human sera or sera from
monkeys infected with the viruses by the oral
route. The role which these group antigens
may play in FA staining reactions should be
clarified.

The present investigations were concerned
with determining the sensitivity and speci-
ficity for FA staining of group B coxsackievirus
antisera produced in various species and with
further evaluation of the FA-staining tech-
nique for identification of coxsackieviruses iso-
lated in cell culture systems.

MATERIALS AND METHODS

Virus strains. Prototype virus strains (10) of
group B coxsackievirus types 1 to 6 and echovirus
type 9 were employed for preparation of immune
sera and as controls for FA staining. Field strains of
coxsackieviruses and other enteroviruses were iso-
lated and identified by the standard procedures of
this laboratory (12).

Cell cultures. The BS-C-1 line of grivet MK
cells, secondary rhesus monkey kidney cells, and
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human fetal diploid kidney (HFDK) cells were prop-
agated by methods described elsewhere (12).

Coxsackievirus immune sera. Hamsters and
rabbits were inoculated with equal parts of adjuvant
(1 part of Arlacel A and 9 parts of standard mineral
oil, C.T.70) and a 10% suspension of infected mouse
brain or muscle in phosphate-buffered saline (PBS)
or with serum-free, infected MK cell culture fluid in
the case of rabbits immunized with virus types B4
and B5. The hamsters received 1 ml and the rabbits
received 5 ml of the inoculum by the intraperitoneal
route at weekly intervals for a total of three inocula-
tions. The animals were bled 10 to 14 days after the
last immunizing injection. Monkey immune sera
were prepared as previously described (14) by intra-
muscular inoculation of rhesus monkeys with a mix-
ture of equal volumes of infected MK cell culture
fluid and adjuvant. The enterovirus immune horse
sera (9) were obtained from the World Health Orga-
nization International Reference Center for Entero-
viruses, Department of Virology and Epidemiology,
Baylor College of Medicine, Houston, Tex.

Immune ascitic fluids for group B coxsackievi-
ruses types 1 to 6 were produced in adult, female
Swiss-Webster white mice (Rockefeller Foundation
strain). The immunizing antigen consisted of a 20%
suspension (in PBS) of infected suckling mouse
brain (for types B1-B5) or muscle (for type B6)
emulsified with an equal volume of adjuvant [1 part
of Arlacel A, 9 parts of standard mineral oil, C.T. 70,
and 0.5 mg of M. butyricum (Difco)/100 ml]. Before
immunization, the animals were bled from the retro-
orbital plexus and then inoculated by the intraperi-
toneal route with 0.3 to 0.5 ml of the virus-adjuvant
mixture on days 0, 7, and 14. On day 17, the animals
were inoculated intraperitoneally with 0.2 ml of a
10% suspension (in PBS, pH 7.3) of freshly-harvested
180/TC mouse sarcoma cells. The ascitic fluids were
aspirated on day 25 and every 3 to 4 days thereafter
for a total of five to six times. Each immune ascitic
fluid had a neutralizing antibody titer of 1:128 or
greater against the homologous virus, and showed no
neutralizing activity for heterologous group B cox-
sackieviruses. Normal mouse ascitic fluid was pro-
duced in the same manner using uninfected mouse
tissue suspensions for immunization.

Indirect immunofluorescence staining tech-
nique. Cell cultures in 2-oz prescription bottles were
inoculated with 1 ml of virus suspension and incu-
bated at 35 C until the monolayers showed a 2 to 3+
viral cytopathic effect (CPE). Cells from infected
cultures were dispersed with a 0.25% trypsin 0.05%
ethylenediaminetetraacetic acid (EDTA) solution,
and the cells from each culture were resuspended in
0.05 to 0.1 ml of medium consisting of 2% fetal bo-
vine serum in Eagle’s minimum essential medium
(MEM). Smears were prepared by placing small
drops of the cell suspension onto microscope slides.
After drying at room temperature, the smears were
fixed in acetone for 10 min and dried at room tem-
perature. The slides were then stored at —70 C. Prior
to FA staining, the slides were allowed to dry at
room temperature, and the smears were outlined
with quick-drying paint (Tri-Chem pen, Tri-Chem,
Inc., Belleville, N.J.).



56 FRENCH ET AL.

- Twofold dilutions (starting at 1:8) of immune sera
or normal control sera were prepared in a 20% sus-
pension of normal beef brain (in PBS), and a drop of
each serum dilution was applied to a smear of in-
fected cells and to a smear of uninfected cells for
control purposes. The tests were incubated at 36 C
in a humidified atmosphere for 20 min. The slides
were washed twice (10 min each washing) in PBS,
pH 7.2 to 7.5, rinsed in distilled water, and allowed
to dry at room temperature. A “working dilution” of
the appropriate fluorescein-conjugated anti-species
globulin was then added to each smear; the conju-
gate was also diluted in a 20% normal beef brain
suspension. Antisera against horse, monkey, and
mouse globulins were prepared in rabbits, and anti-
sera against hamster and rabbit globulins were pre-
pared in goats. The immune globulins were conju-
gated with fluorescein isothiocyanate by a method
described elsewhere (7). After incubation at 36 C for
20 min, the slides were washed twice (5 min each
washing) in PBS, rinsed in distilled water, and then
drained and mounted in a phosphate-buffered gly-
cerol-saline solution (one part of glycerol in three
parts of PBS, pH 7.2).

Examinations for immunofluorescence staining
were made with a Zeiss fluorescent binocular micro-
scope illuminated with an Osram HBO 200 mercury
burner; x8 oculars and a x40 (dry) objective were
used. The filter system consisted of a GG4 Zeiss 41
barrier filter and a UG2 exciter filter. Nonfluores-
cent immersion oil (type A) was used between the
condenser and slide.

The degree of fluorescence was expressed as 1, 2,
3, or 4+. A reading of 4+ indicated glaring yellow-
green fluorescence, and 3+ indicated bright green
but not glaring fluorescence. 3 or 4+ staining reac-
tions characteristically revealed aggregates of viral
antigen in the cytoplasm of the infected cells. A read-
ing of 2 or 1+ indicated dull green fluorescence, with
the cells showing diffuse staining.

RESULTS

Homologous immunofluorescence staining
with coxsackievirus immune sera produced
in various species. Group B coxsackievirus
immune sera produced in monkeys, rabbits,
horses, and hamsters and immune ascitic
fluids produced in mice were compared for
ability to stain BS-C-1 cells infected with the
homologous virus. As controls, normal sera
from each species were tested for possible
staining, and uninfected BS-C-1 cells were
stained with immune sera and normal sera.
The results shown in Table 1 with immune
sera to coxsackievirus type Bl are representa-
tive of those obtained with all of the group B
coxsackieviruses.

At a 1:8 dilution, both normal sera and
immune sera tended to show 1 or 2+ staining
against infected and uninfected cells. Except
in the case of the horse antisera, staining with
normal sera and uninfected cells was generally
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TaBLE 1. Homologous indirect fluorescent-antibody
staining with coxsackievirus type Bl immune sera
produced in various species

Degree of fluorescence with
serum dilutions®

Species of serum Iggrrémll Cox® Bl infected
o BS-C-1 cells
cells
1:81:1611:8]1:16|1:32(1:64
Monkey
Normal ......... 1+ | = |24 =
Cox Bl immune .. |2+ |0 |4+ |4+ |4+ |4+
Rabbit
Normal ......... + |0 +|0

Cox Bl immune .. |2+ [0 |3+ |3+ [2+ |0

Horse
Normal ......... 2+ |1+ | =|0
Cox Bl immune .. |2+ [2+ |2+ |2+ |1+ |1+

Hamster
Normal ......... 0 |0 (0 |O
‘ Cox Blimmune .. |2+ |1+ |4+ [4+ [3+ |3+
Mouse
Normal ascitic
fluid .......... 2+ | = |24 | =
Cox Bl immune
ascitic fluid .... |2+ | = |3+ |3+ {3+ |3+

2 Symbols: 4+, trace of fluorescence; 1-2+, low-
level staining; 3-4+, brilliant staining of aggregates
of viral antigen in the cytoplasm.

® Coxsackievirus.

not seen at serum dilutions of 1:16 and higher.
The rabbit antisera showed very low homolo-
gous titers, barely exceeding the staining of
uninfected cells. The horse antisera had higher
homologous titers, but stained uninfected cells
almost to the same degree as cells infected
with homologous virus. Antisera produced in
monkeys and hamsters and immune ascitic
fluids produced in mice showed specific
staining at high dilutions, and little staining
with uninfected cells, and thus they were used
for further studies on cross-reactivity of the
sera and for the identification of coxsackie-
virus isolates.

A staining reaction of 3 or 44+ was selected
as an end point in further studies. This type of
reaction showed brilliant fluorescence staining
of aggregates of viral antigen in the cytoplasm
of infected cells, which was characteristic of
specific staining with all of the group B cox-
sackieviruses (see Fig. 1), and was readily dis-
tinguishable from the diffuse, dull green
staining of cells sometimes seen with low dilu-
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tions of heterologous or normal sera (Fig. 2) or
with uninfected cells (Fig. 3).

Homologous and heterologous FA titers of
group B coxsackievirus antisera produced
in three different species. Immune monkey
and hamster sera for the group B coxsackievi-
ruses and echovirus type 9 and group B cox-
sackievirus immune ascitic fluids prepared in
mice were tested for homologous and heterolo-
gous immunofluorescent staining in infected
BS-C-1 cells. As controls, normal sera from
each species were examined for possible FA
staining of infected and uninfected cells, and
uninfected BS-C-1 cells were stained with
immune and normal sera.

Indirect FA staining reactions of the monkey
immune sera are shown in Table 2. Normal
monkey sera failed to stain infected or unin-
fected cells. Antisera to coxsackievirus type Bl
and echovirus type 9 showed only homologous
staining. The other group B coxsackievirus
immune sera showed low-level staining of cells
infected with heterologous coxsackieviruses at
serum dilutions of 1:8 to 1:64, but homotypic
FA titers were appreciably higher. The homo-
typic staining revealed characteristic aggre-
gates of viral antigen in the cytoplasm of the
infected cells, whereas heterotypic staining
reactions consisted of diffuse, low-level
staining of the cytoplasm, and aggregates of
viral antigen were not observed. Immune sera
to coxsackievirus types B2 and B6 showed the
greatest amount of heterotypic staining. Cells

Fic. 1. Indirect immunofluorescence staining re-
action with group B coxsackievirus antiserum. Cox-
sackievirus type B4-infected BS-C-1 cells treated
with coxsackievirus type B4 immune hamster serum
and goat anti-hamster conjugate.

GROUP B COXSACKIEVIRUSES 57

Fic. 2. Indirect immunofluorescence staining re-
action with group B coxsackievirus antiserum.
Coxsackievirus type Bd4-infected BS-C-1 cells
treated with coxsackievirus type B2 immune ham-
ster serum and goat anti-hamster conjugate.

©)

Fic. 3. Indirect immunofluorescence staining re-
action with normal serum. Uninfected BS-C-1 cells
treated with normal hamster serum and goat anti-
hamster conjugate.

infected with echovirus type 9 showed no het-
erotypic staining with the group B coxsackie-
virus antisera.

Table 3 shows the staining reactions of the
immune hamster sera. The antisera produced
in this species showed lower heterotypic
staining titers than were seen with the monkey
immune sera, but the homotypic titers also
tended to be somewhat lower than those of the
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TaBLE 2. Indirect immunofluorescence titration of monkey immune sera to group B coxsackieviruses
employing BS-C-1 cells

Highest serum dilution showing immunofluorescence staining
Monkey
Cells infected with Normal Monkey immune serum to coxsackieviruses immune
monkey serum to
serum B1 B2 B3 B4 B5 Bé6 echo-
virus 9
Uninfected BS-C-1 .. | <8 <8 <8 <8 <8 <8 <8 <8
Coxsackievirus B1 ... | <8 64/256° 64¢ 32¢ 16¢ 8¢ 64°¢ <8
Coxsackievirus B2 ... | <8 <8 256/1024° 32¢ 16° 8 64¢ <8
Coxsackievirus B3 ... | <8 <8 64¢ 128/1024° | <8 <8 64¢ <8
Coxsackievirus B4 ... | <8 <8 32¢ 8 32/128° 16¢ 64¢ <8
Coxsackievirus B5 ... | <8 <8 64¢ 32¢ <8 256/1024° | 64 <8
Coxsackievirus B6 ... | <8 <8 64¢ 8 8 <8 256/1024°| <8
Echovirus9 ......... <8 <8 <8 <8 <8 <8 <8 256/512°
@ Reciprocal of titer.

® Highest dilution showing 3 to 4+ staining of aggregates of iral antigen in the cytoplasm/highest dilution

showing 1 to 2+ staining.

< Diffuse 1 to 2+ staining; no characteristic aggregates of viral antigen.

TaBLE 3. Indirect immunofluorescence titration of hamster immune sera to group B coxsackieviruses
employing BS-C-1 cells

Highest serum dilution showing immunofluorescence staining
Hamster
Cells infected with * | Normal Hamster immune serum to coxsackieviruses immune
hamster serum to
serum B1 B2 B3 B4 B5 B6 echo-
virus 9
Uninfected BS-C-1 .. | <8¢ <8 <8 <8 <8 <8 <8 <8
Coxsackievirus Bl . .. 8° 32/128¢ 16° 16° 16° 8° 8° 8°
Coxsackievirus B2 ... | <8 8 64/128¢ <8 <8 <8 <8 8°
Coxsackievirus B3 ... | <8 8° 8° 32/128° 8° 8 8° 8°
Coxsackievirus B4 ... | <8 <8 8 8° 64/256¢ 8 8° 8
Coxsackievirus B5 ... | <8 16° 16° 16° 16° 128/256¢ 16° 8
Coxsackievirus B6 ... | <8 <8 <8 8 <8 <8 32/64° <8
Echovirus9 ......... 8° <8 8° <8 <8 <8 <8 256/512¢

2 Reciprocal of titer.

b Diffuse 1 to 2+ staining; no characteristic aggregates of viral antigen.
¢ Highest dilution showing 3 to 4+ staining of aggregates of viral antigen in the cytoplasm/highest dilution

showing 1 to 2+ staining.

monkey immune sera. Again, heterotypic
staining consisted of diffuse, low-level staining
of the cells, whereas homotypic staining re-
vealed characteristic aggregates of viral an-
tigen in the cytoplasm. Cross-reactivity with
echovirus type 9 was absent or minimal.
Staining reactions of the immune mouse as-
citic fluids for group B coxsackieviruses are
shown in Table 4. The homotypic staining ti-
ters of the immune ascitic fluids approximated
those of the hamster immune sera and the
fluids showed low titers of heterotypic
staining. The normal mouse ascitic fluid also
showed low-level staining at the 1:8 and 1:16

dilutions, and normal and immune ascitic
fluids stained uninfected BS-C-1 cells at dilu-
tions of 1:8 and 1:16.

Identification of group B coxsackievirus
isolates by indirect immunofluorescence
staining. Field strains of coxsackieviruses, iso-
lated and identified in this laboratory by
standard procedures (12), were coded and han-
dled as unknowns for attempted identification
by FA staining. The isolates represented low-
passage material in either rhesus MK cells or
HFDK cells, and they were passaged into BS-
C-1, MK, or HFDK cells for use in FA
staining.
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TABLE 4. Indirect immunofluorescence titration of immune mouse ascitic fluid to group B coxsackieviruses
employing BS-C-1 cells

Highest serum dilution showing immunofluorescence staining
Cells infected with ti:)(:gl Mouse immune ascitic fluid to coxsackieviruses
ascitic
fluid B1 B2 B3 B4 B5 Bé6
Uninfected BS-C-1 ........ 82 8 8 16 8 8 16
Coxsackievirus B1 ......... 8 32/128° 8 16 16 8 8
Coxsackievirus B2 ......... 16 8 256/256° 16 8 8 8
Coxsackievirus B3 ......... 16 8 8 128/256° 8 8 8
Coxsackievirus B4 ......... <8 <8 8 8 32/64° 8 8
Coxsackievirus B5 ......... 16 8 16 16 16 128/256° 8
Coxsackievirus B6 ......... 8 8 16 16 16 16 64/256°

fluid.

2 Reciprocal of titer; diffuse 1 to 2+ staining was seen in heterologous systems and with normal ascitic

® Highest dilution showing 3 to 4+ staining of aggregates of viral antigen in the cytoplasm/highest dilution

showing 1to 2+ staining.

The group B coxsackievirus antisera pro-
duced in hamsters were employed for indirect
staining at working dilutions of 1:30, and reac-
tivity of the hamster antibodies with viral an-
tigen in the cells was detected through the use
of fluorescein-conjugated anti-hamster globu-
lins prepared from goat serum. Identification
was based upon the demonstration of 3 or 4+
staining reactions.

Results of identification tests on isolates
propagated in BS-C-1 cells are shown in Table
5. Approximately 93% of the 85 group B cox-
sackievirus isolates were identified correctly by
FA staining at the first passage in BS-C-1
cells, and those not identifiable at the first
passage were all correctly identified after a
second passage in BS-C-1 cells. Some of the
isolates had been stored for prolonged periods
of time, and apparently infectivity titers were
too low to permit identification at the first
passage level. No incorrect identifications of
group B coxsackievirus isolates were made,
and none of the other viral immunotypes
tested was incorrectly identified as group B
coxsackieviruses. One field strain of coxsackie-
virus type B2 and one of type B4 failed to
show a CPE in BS-C-1 cells; however both of
these showed heavy staining with homologous
antisera, and were correctly identified.

Limited attempts were also made to identify
coxsackievirus isolates by FA staining using
the cell culture systems routinely employed in
this laboratory for isolation of enteroviruses,
namely, MK and HFDK. Results are shown in
Table 6. All of the group B coxsackievirus iso-
lates tested were identified correctly by FA
staining in both cell culture systems. In MK

TaBLE 5. Identification of group B coxsackievirus
isolates in BS-C-1 cells by indirect
immunofluorescence staining

No. identi-
vi  Noo 1 gede (1st | P cent
irus type isolates passage in identi-
tested BS-C-1) fied
Coxsackievirus B1 ... 16 12 75.0
Coxsackievirus B2 . .. 22 21 95.4
Coxsackievirus B3 . .. 9 8 88.8
Coxsackievirus B4 . .. 21 21 100.0
Coxsackievirus B5 . . . 16 16 | 100.0
Coxsackievirus B6 . .. 1 1 100.0
Total .............. 85 79 92.9
Echovirus 9 ......... 1 0 0
Coxsackievirus A-9 .. 2 0 0
Coxsackievirus A-13 . 1 0 0
Coxsackievirus A-16 . 3 0 0
Coxsackievirus A-18 . 1 0 0
Reovirus type 2 . .... 1 0 0
Total .............. 9 0 0

e Number identified in tests against group B cox-
sackievirus hamster antisera. All isolates not identi-
fied in the first passage in BS-C-1 cells were identi-
fied on second passage.

cells all of the isolates showed CPE, but less
than one-half of them showed CPE in the
HFDK cells; however, the isolates failing to
show CPE were correctly identified by FA
staining. It should be noted, however, that the
infected HFDK cultures which did not show a
CPE contained fewer cells showing specific
staining than were seen in cultures with a
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TaBLE 6. Identification of group B coxsackievirus
isolates in secondary monkey kidney (MK) and in
human fetal diploid kidney (HFDK) cells by indirect
immunofluorescence staining

Secondary MK HFDK
No. of No. of
Virus type isolates S!I:) % | isolates II;I (‘:
identi- in‘g‘ identi- |® igg .
fied®/no. fied*/no.
tested CPE® tested CPE’
Coxsackievirus Bl 3/3 3 2/2 1
Coxsackievirus B2 4/4 4 4/4 0
Coxsackievirus B3 3/3 3 3/3 1
Coxsackievirus B4 3/3 3 2/2 1
Coxsackievirus B5 2/2 2 2/2 2
Coxsackievirus B6 2/2 2 2/2 1
Total 17/17 17 15/15 6
Coxsackievirus A9 0/1 1 0/1 1
Coxsackievirus A16| 0/2 2 0/2 2
Total 0/3 3 0/3 3

¢ Number of isolates identified in tests against
hamster antisera to group B coxsackieviruses.
¢ Cytopathic effect.

CPE. The group A coxsackievirus isolates
tested in MK and HFDK cells did not show
staining with antisera to the group B viruses.

DISCUSSION

These studies have confirmed the sensitivity
and specificity of FA staining for identification
of group B coxsackieviruses isolated in cell
cultures. Identification is accomplished more
rapidly by this method than by neutralization
tests. Limited information derived from the
present studies would suggest that FA staining
reactions may be influenced less than are neu-
tralization tests by the strain variations which
may occur within immunotypes of the group B
coxsackieviruses; some of the type B2 isolates
which were readily identified by FA staining
had shown “breakthrough’ in neutralization
tests, and identification could be accomplished
only through the use of low dilutions of anti-
sera. FA staining may prove to be as useful as
complement fixation and immunodiffusion
tests (15) for type-specific identification of an-
tigenic variants of the coxsackieviruses.

Most workers who have utilized FA staining
for identification of enteroviruses have em-
ployed the direct method with conjugated
rabbit antisera (2-4, 6, 17). Our investigations
have demonstrated that the indirect method,
which requires only a single anti-species conju-
gate, is also feasible. Sommerville (18, 20) has
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used the indirect FA method with rabbit anti-
sera for identification of group B coxsackievi-
ruses in human leukocytes and cells from cere-
brospinal fluids (18, 20). In our studies, rabbit
antisera to the group B coxsackieviruses were
found to be less satisfactory than monkey or
hamster antisera or mouse immune ascitic
fluids, due to their relatively low homologous
FA staining titers.

Heterotypic FA staining was observed with
antisera to the group B coxsackieviruses (but
not with antisera to echovirus type 9), and the
monkey antisera showed the highest hetero-
typic titers. With the hamster antisera and the
immune mouse ascitic fluids, staining with
heterotypic antisera was not appreciably
greater than that seen with normal sera or un-
infected cells. No consistent patterns of
heterotypic staining were seen with antisera to
the various coxsackievirus types. Some of the
heterotypic staining may have been due to the
presence in infected cells of group antigens,
which have been demonstrated in group B cox-
sackievirus preparations through the use of
immunodiffusion and complement fixation
tests (13, 16). A good deal of the staining with
heterotypic antisera may have been non-
specific; in this laboratory it has been generally
observed that low dilutions (1:4 or 1:8) of
conjugated or unconjugated antisera tend to
give nonspecific staining in either direct or in-
direct FA tests. ‘“‘Nonspecific” FA staining
may also result from the use of antisera pre-
pared by immunization with viral antigen de-
rived from foreign host tissue or cell cultures
containing foreign serum proteins. However, it
is of interest that the immune mouse ascitic
fluids, which were prepared by immunization
with homologous, infected tissue, showed low-
staining titers with heterologous antigens, and
even with uninfected cell cultures.

The appearance of infected cells stained
with heterotypic antisera differed from that
of cells stained with homotypic antisera;
heterotypic staining was a low-level (1 to 2+)
diffuse staining of the cell, whereas homotypic
staining revealed characteristic aggregates of
viral antigen in the cytoplasm. Monkey and
hamster antisera and mouse immune ascitic
fluids could all be diluted to a point where they
showed no heterotypic reactivity, but gave 3 to
4+ staining of cells infected with homologous
virus, and showed characteristic aggregates of
viral antigen. The demonstration of a 3 or 4+
staining reaction was considered essential for
identification of viruses by FA staining.

The cross-testing of antisera and immune
ascitic fluids for the group B coxsackieviruses
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illustrated the importance of using immune re-
agents for which homotypic and heterotypic re-
activity has been well defined in attempting to
identify coxsackieviruses in cell cultures and
tissues. The testing also revealed the pitfalls
involved in using immune reagents at low dilu-
tions in FA tests.

The studies reported herein were initiated
primarily for evaluation and standardization of
FA reagents to be employed in attempting to
demonstrate group B coxsackieviruses or anti-
gens in human tissues. Because little clinical
material was available to the laboratory during
the study period, only limited attempts were
made to demonstrate antigen in human heart
and brain. Tissues from two patients with iso-
lations of coxsackievirus type B4 were studied.
Hamster antisera and immune mouse ascitic
fluids were used at the working dilutions which
gave specific staining in cell culture systems,
but FA staining of the human tissues with the
type B4 immune reagents was no greater than
that seen with heterologous reagents, despite
the fact that coxsackievirus type B4 had been
isolated from the tissues. Thus, recognition
and identification of coxsackieviruses in tis-
sues may prove to be more difficult than identi-
fication in cell culture materials. Additional
evaluation of immune reagents must be per-
formed using coxsackievirus-infected tissues
before valid conclusions can be drawn regard-
ing the FA staining of human tissues with anti-
sera to group B coxsackieviruses, and FA
staining reactions of infected tissues should be
better correlated with viral isolation attempts
or with attempts to demonstrate coxsackie-
virus antigen by other immunological proce-
dures.
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