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The development and application of a double-label immunofluorescence method which has the potential to
screen for single or dual infections from any site, in single shell vial cultures, is described. In this study, a total
of 1,141 ocular specimens were inoculated in shell vials, centrifuged at 15,000 x g for 1 h, incubated at 37°C
for 48 h, and fixed in methanol at room temperature for 15 min. The virus inclusions were detected by staining
with a double-label indirect immunofluorescence procedure using mixtures of appropriate first antibodies,
followed by fluorescein- and rhodamine-conjugated second antibodies. Each specimen was also inoculated in
parallel by the conventional virus isolation method. The sensitivity and specificity of the double-label shell vial
procedure were comparable to those with the conventional method, and the former test took only 48 h to
complete. The test offers a rapid and simple single-vial procedure which allows for individual or simultaneous
detection of multiple pathogens. It results in savings in time and cost over the conventional virus isolation
method and other shell vial procedures.

The traditional methods of laboratory diagnosis of viral
infections, either by virus isolation in cell culture or by
demonstration of rising antibody titer in paired serum spec-
imens, may take days or weeks to complete. Direct demon-
stration of virus in exfoliated cells (3, 12) is generally less
sensitive than virus isolation and requires high-quality
smears and strict criteria of identification of viral inclusions.

Shell vial systems have been described for the rapid
detection of several viruses (6, 11, 13) and chlamydia (4)
from several specimen types, but these have required sepa-
rate vial cultures and separate staining procedures for the
detection of each of the pathogens. We describe the devel-
opment and application of a double-label shell vial test
(DLST). This system allows for the simultaneous screening
of two pathogens from a single shell vial culture, resulting in
savings in time and cost. It has the additional advantage in
that it has the potential to detect dual infections from a site.
The specimen is inoculated in a shell vial for 48 h, and virus
inclusions are detected by a double-label indirect immuno-
fluorescence antibody (IFA) method. In this study, the
sensitivity of the DLST is compared with that of the refer-
ence conventional cell culture test (CCT) for the simulta-
neous detection of adenovirus (ADV) and herpes simplex
virus (HSV) from ocular specimens.

MATERIALS AND METHODS
Patients and specimens. Conjunctival specimens were col-

lected from patients who presented to the External Eye
Disease Clinic at Moorfields Eye Hospital at London. The
specimens were collected in plastic vials containing 2SP
transport medium (7) with antibiotics. They were trans-
ported to the laboratory in a liquid-nitrogen refrigerator and
stored at -70°C until cultured.

Cell culture and inoculation. Methods for cell culture and
inoculation have been described previously (6, 13). Briefly,
HEp-2 cell monolayers were prepared by seeding at a

concentration of 25,000 to 30,000 cells per ml of growth
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medium in cell culture test tubes and shell vials. Growth
medium consisted of Eagle minimum essential medium sup-

plemented with vitamins, glutamine, antibiotics (vanco-
mycin, 100 fig/ml, and streptomycin, 50 p.g/ml), and 10%W
fetal bovine serum. At the end of 48 h of incubation, when
the monolayers were approximately 80% confluent, growth
medium was replaced with maintenance medium (same as

growth medium but with 3% fetal bovine serum).
DLST. Each specimen was vortexed, and equal volumes

(approximately 300 Fil) were inoculated in parallel by the two
methods. DLST involved inoculation of each specimen into
a single shell vial containing a 13-mm glass cover slip with an

HEp-2 cell monolayer. The inoculated vials were centrifuged
at 15,000 x g for 1 h, incubated at 35°C for 48 h, and fixed in
methanol at room temperature for 15 min. Virus inclusions
were detected by a double-label IFA procedure (see below).
CCT. For CCT, each specimen was inoculated into a test

tube containing an HEp-2 cell monolayer. The tubes were

rolled in drums and examined at least every other day for
cytopathic effect (CPE). The negative tubes were passaged
at weekly intervals and discarded at the end of 3 weeks.
Virus in tubes showing CPE was identified by individual IFA
procedures for HSV and ADV.

Double-label IFA procedure. Group-specific anti-HSV se-

rum was raised in our laboratory by inoculation of rabbits by
the conjunctival route using an HSV type 1 strain isolated
from a corneal ulcer of a patient. Anti-ADV type 5 hexon
serum raised in horses was obtained from Burroughs Well-
come Laboratories, Ltd., England. Both the sera were

titrated and tested for sensitivity and specificity against a

panel of related and unrelated viruses to obtain a working
dilution (1/10) of each. Equal volumes of the two antisera at
double strength (1/5) were mixed and applied to cover each
cover slip.

Fluorescein isothiocyanate (FITC)-conjugated sheep anti-
horse immunoglobulin G (IgG) (Burroughs Wellcome Labo-
ratories, Ltd.) and tetramethyl rhodamine isothiocyanate
(TRITC)-conjugated goat anti-rabbit IgG (Cappel Laborato-
ries) were titrated, and the working dilutions of each were

obtained similarly. Volumes of each conjugate at double
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TABLE 1. Sensitivity and correlation of positivity for ocular
ADV and HSV detection by the DLST and the

conventional CCT"

No. (%) of specimens
Result of paired tests positive for:

ADV HSV

DLST + 157 (95.7) 65 (95.5)
CCT + 149 (90.8) 57 (83.8)
DLST +, CCT - 15 (9.1) 11 (16.2)
DLST -, CCT + 7 (4.3) 3 (4.4)
DLST +, CCT + 142 (86.6) 54 (79.4)

Total + by either or both tests 164 (100) 68 (100)

" McNemar's test (DLST versus CCT): ADV, U = 1.6, P > 0.05; HSV, U
= 3.5, P > 0.05.

strength (2x working dilution) were mixed and applied to
each cover slip.
The fixed cover slips were mounted on a staining frame,

and each was covered with a drop of the mixed anti-HSV
and anti-ADV antisera. They were incubated in a moist
chamber at 35°C for 30 min. They were then thoroughly
washed for 15 min in phosphate-buffered saline (pH 7.3),
using a magnetic stirrer, and then air dried. The cover slips
were covered with a drop of the mixed conjugates. The
incubation and washing procedures were carried out as
before except for an extra final wash in distilled water for 5
min. The cover slips were dried and mounted in buffered
glycerol at pH 8.6 (9).
The cover slips were examined using a standard 18UV

Zeiss microscope fitted with an HBO 50W high-pressure
mercury lamp and an epifluorescence condenser, which
facilitates the selection of both the FITC and TRITC filter
sets (Zeiss). The FITC filter sets comprised a blue exciter
filter, an FT 510 beam splitter, and a 520-560 band pass
barrier filter. For TRITC fluorescence, a BP 546/7 exciter
filter, an FT 580 beam splitter, and an LP 590 red barrier
filter were used. An x 16 Zeiss neofluor objective and a x 10
eyepiece were used throughout. A x40 objective was also
used as and when required to check the quality of inclusions.
Each cover slip was examined twice, once for the FITC-
stained ADV and once for the TRITC-stained HSV inclu-
sions. A positive control (a shell vial infected simultaneously
with ADV and HSV) and a negative control were carried
with each batch of tests to control the quality of tissue
culture and the staining procedure.
The criterion of positivity was the finding of one or more

brightly fluorescing, granular, intracellular inclusions.

RESULTS
A total of 1,141 ocular specimens were inoculated in

parallel by the DLST and the reference CCT. A total of 164
(14.4%) of the specimens were positive for ADV and 68 (6%)
were positive for HSV by either or both of the methods.
Sensitivity and correlation of positivity between the two
tests is shown (Table 1). There was no significant difference
between the two methods in terms of rate of detection of
either of the two pathogens.
The DLST took only 48 h to complete. By comparison, the

mean time taken to develop CPE by the CCT for ADV
isolation was 8.3 days (range, 2 to 21 days). Only 10.6% of
these specimens were positive at 48 h, and more than half
(55%) took 8 days or more. For HSV isolation by the CCT.
the mean time taken to develop CPE was 5.1 days. Although

54% of these specimens were positive at 48 h, 17% took 8
days or more for detection.

DISCUSSION

Several recent studies have described double-label fluo-
rescent-antibody (FA) procedures for a variety of applica-
tions (1, 2, 10). We have developed a similar method for the
simultaneous rapid screening of multiple viral pathogens
from clinical material. A single shell vial culture followed by
a double-label IFA procedure allows for the possibility of
detection of either or both pathogens from a single specimen
within 48 h. The sensitivity of the test for the detection of
ADV was equal to that of the CCT and confirms our previous
findings made on the basis of use of single shell vials and a
single-label IFA staining procedure (6). In this study, DLST
appeared to be more sensitive than the CCT for the detection
of HSV, although the difference did not reach statistical
significance. In a previous report employing a much larger
sample size, we have shown that the shell vial test which
involves a centrifugation step is indeed significantly more
sensitive than the cell culture method for the detection of
HSV from the eye (13).
The screening of two pathogens from the same specimen

in a single shell vial culture, as we tested in this study for the
two most common viral pathogens of the eye, resulted in
considerable savings in time and effort and in the reduction
of cost per specimen (data not presented). An additional
advantage of the DLST is its potential to detect dual infec-
tions as evident from our double-infected positive controls.
In the present study, dual infections with ADV and HSV
from the eye were not detectable either by the DLST or the
CCT, and we assume that in the population we studied such
infections were not present. However, the DLST described
here could be adapted for the detection of multiple patho-
gens simultaneously infecting other sites. Such multiple
infections of the genital tract have been described previ-
ously.

Quality reagents and attention to technical details are
essential for all FA procedures. For the double-label FA
procedure, the two lots of antisera must be raised in two
different animal species to avoid cross-reactivity when the
appropriate conjugates are added. We used a horse anti-
ADV plus sheep anti-horse IgG FITC conjugate system for
the detection of ADV and a rabbit anti-HSV plus goat
anti-rabbit IgG TRITC conjugate for the detection of HSV
inclusions. Each batch of sera was titrated before use and
checked for sensitivity and specificity. Mixing the two
antisera and the two conjugates did not result in any loss of
clarity in comparison to a staining procedure that involved
application of each serum and conjugate separately.
The double-label staining procedure is economical in

reagents, and the commercially available conjugated sera
were ofgood quality. The background staining was minimal,
and the distinction between positive and negative was clear
cut. The virus inclusions were brightly fluorescing, granular,
and intracellular. Such inclusions were never found in the
negative control cover slips. When the strict criteria laid
down for culture, staining, and recognition of inclusions
were used, the finding of even one such inclusion was
adequate for a positive diagnosis and the chances of false-
positive DLST were remote. The increased sensitivity of
DLST for HSV may have resulted from the centrifugation
step involved in this method. Centrifugation has been shown
to increase the HSV isolation rate in shell vial cultures as
compared to the CCT (5). Slow CPE-producing viruses such

J. CLIN. MICROBIOL.



DOUBLE-LABEL IMMUNOFLUORESCENCE FOR OCULAR INFECTIONS 1625

as ADV type 8 are often difficult to cultivate by the CCT.
Whether such strains were easier to detect by the DLST and
were a contributing factor in some of the discrepant results
needs to be evaluated in further studies. Individual discrep-
ant results might also occur by chance in the processing of
low-titered specimens (unpublished observations).

In a pilot study, we compared the sensitivity of DLST at
24-, 48-, and 72-h incubation periods, using the polyclonal
antibodies described in Materials and Methods. Sensitivity
was similar at 48 and 72 h but marginally reduced at 24 h. We
therefore chose 48 h as the optimum incubation period. The
DLST could be further simplified, resulting in further sav-
ings in labor and cost, by doing a direct instead of an indirect
FA staining using appropriate high-affinity, high-titer panels
of monoclonal antibodies. The fact that the shell vial test
results in considerable savings in time for the detection of
ADV and HSV has been reported previously (6, 13) and is
confirmed in this study.
Both HSV and ADV replicate well in different cell lines.

Human embryo fibroblasts and HEK or A549 cells are the
frequently used cell fines for the isolation of HSV and ADV,
respectively. We used HEp-2 cells, which appear to have
sensitivity equal to that of the more frequently used cell lines
(8). The DLST could be adapted to use any cell line or
combination of cell lines of choice, depending on the viruses
of interest.

In this study, we centrifuged shell vials containing their
full complement of maintenance medium (1 ml) and inocu-
lum (approximately 300 ,il) at 15,000 x g for 1 h (13). Our
subsequent work suggests that centrifuging at speeds as low
as 1,500 x g would suffice with no loss of sensitivity. In
these experiments, we added the media to the vials after the
centrifugation step.

Finally, the double-label shell vial test offered a rapid,
sensitive, and simple means of detecting from a single
sample the two most frequent ocular viral pathogens.
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