
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



METHODS FOR RAPID DETECTION OF HUMAN 
OCULAR VIRAL INFECTIONS 

MERLYN R. RoDRIGUEs, MD, PHD 
BETHESDA, MARYLAND 

and 

DAVID A. LENNETTE, PHD 
BY INVITATION 

JuAN J. ARENTSEN, MD 

and 

CHARLA THOMPSON 
BY INVITATION 

PHILADELPHIA, PENNSYLVANIA 

Recent methods for detection of vi­
ruses in clinical specimens include im­
munofluorescence, immunoperoxidase, 
immune adherence hemagglutination, 
radioimmunoassay, enzyme-linked im­
munosorbent assay (ELISA), and immu­
noelectron microscopy. Some are useful 
for the detection of traces of viral anti­
gens but are more complicated and time­
consuming than others. Simple tech­
niques of immunofluorescence and neg­
ative stain electron microscopy are used 
for the rapid detection of viruses in hu­
man adenoviral, herpetic, rubella, mol­
luscum contagiosum, and vaccinial in­
fections. 
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MATERIALS AND METHODS 

Adenovirus Cases 

IN 1977, 50 conjunctival speci­
mens obtained from patients with 
epidemic keratoconjunctivitis (EKC) 
were examined by direct immuno­
fluorescence. The specimens were 
conjunctival swabs or scrapings from 
patients with acute follicular kera­
toconjunctivitis. Adenovirus group­
antigen specific, fluorescein con­
jugated rabbit antiserum was used. 
Titration of this conjugate, dilated 
in 10% mouse brain suspension in 
PBS pH 7.5, gave an optimum dilu­
tion for use of 1:20. At this dilution, 
antigen-positive cells stained bril­
liantly (4+), while antigen-negative 
cells were only faintly stained but 
were readily discernible (1 + or less). 
Conjunctival scrapings were pre­
pared on clean microscope slides 
and air dried as rapidly as was 
feasible-preferably on the return­
air intake grill of a laminar-flow 
biologic safety cabinet. Following 
thorough air drying, the. slides were 
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acetone fixed at room temperature 
for ten minutes. The slides with the 
conjugate diluted in brain suspen­
sion were incubated for 30 minutes 
at 37C in a moist chamber, followed 
by a ten-minute wash in PBS pH 
7.4 with intermittent agitation. 

The slides were examined at a 
magnification of x200, using stan­
dard exciter/barrier filter combina­
tions for fluorescein with 200 W Hg­
arc illumination. 

Scrapings were scored as positive 
if any cells of normal morphology 
were observed with typical granular 
cytoplasmic fluorescence. Scrapings 
were read as negative if no such 
cells were found and as inconclu­
sive if only atypical fluorescence 
and fewer than 50 cells were noted. 

CoNTROLs.-Fl uorescein -Ia be led 
preserum from the animals used to 
produce the antibodies became com­
mercially available only after the 
study was completed. Before the 
study was conducted on clinical 
specimens, the working titer of the 
conjugates was established at vary­
ing dilutions by staining uninfected 
cells, homologous-infected cells, and 
heterologous-infected cells. At a work­
ing dilution that produced bright­
to-brilliant fluorescence with the 
homologous agents, there was neg­
ligible background fluorescence with 
either uninfected or heterologous­
infected (herpes simplex virus 1 
[HSV-1], herpes simplex virus 2, 
and herpes zoster with adenovirus) 
cells. The conjugates were stored at 
-SOC after reconstitution, and only 
small amounts of working dilutions 
were prepared to avoid repeated 
freezing and thawing. 

The clinical specimens were ex­
amined with absorbed-conjugate con-

trois that were retested approxi­
mately monthly with uninfected, 
homologous-infected, and heterol­
ologous-infected cell cultures. During 
the study, conjugated normal rabbit 
serum was used as a control con­
jugate at the same dilution as the 
virus-specific conjugates. The in­
tention was to determine whether 
accurate results could be obtained 
by immunofluorescence without 
multiple controls. 

CELL CULTURE ISOLATION.-Speci­
mens of conjunctival scrapings for 
viral isolation were collected in 2-ml 
quantities of Hank's balanced salt 
solution, with 0.5% gelatin added 
previously, dispensed and sterilized 
in 1-gm vials. The specimens were 
refrigerated until delivered to the 
virology laboratory, usually within 
24 hours. They were treated by add­
ing antibiotics (amphotericin B and 
PSNB, a standard mixture of peni­
cillin, streptomycin, neomycin, and 
bacitracin), then inoculated in 
0.2 ml volumes into two tubes each 
of human embryonic lung or kidney 
fibroblast cells and primary Rhesus 
monkey kidney cells. Primary hu­
man embryonic kidney cells were 
used when available, as were HeLa 
299 cells. Cell cultures were held for 
a minimum of one month; any cul­
tures that showed nonspecific de­
generation earlier were passed to 
fresh cells of the same type. No 
further ''blind" passages were made. 
If typical adenovirus cytopathic ef­
fects were observed, the cells were 
held until the effects were estimated 
to involve well over half of the cell 
sheet, then harvested for titration 
and neutralization by the inter­
secting serum pool scheme. Final 
serotyping was confirmed using 
monotypic antisera at a dilution 
providing approximately 20 anti­
body units against 100 to 300 TCIDso. 
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Cytologic Diagnosis of Herpes 
Simplex ·by Direct 

Immunofluorescence 

Adequate smears and 'scrapings 
from patients with dendritic cor­
neal lesions were fixed in acetone 
for ten minutes at room tempera­
ture, air dried, inoculated with a 
1:20 dilution of conjugate in brain 
suspension for 30 minutes at 37C, 
and washed for ten minutes in PBS 
pH 7.2. With fluorescence micros­
-copy of the slides it was usually 
possible to differentiate type 1 and 
type 2 herpes simplex viruses if 
type-specific conjugates were used. 

Rubella 

Lens aspirate from a 2-year-old 
patient with clinical ocular rubella 
was examined by immunofluores­
cence and negative stain electron 
microscopy. 

Indirect immunofluorescence was 
performed with two human sera, 
pretested by a standard rubella 
hemagglutination-inhibition antibody 
(HAl) test. The positive serum had 
a titer of 1:640, and the negative 
serum, a titer of less than 1:10, by 
HAL These sera were then used in 
an indirect immunofluorescence test 
on rubella-infected and uninfected 
BHK-cells, a susceptible line used 
for laboratory propagation of rubella 
virus. Titration of the positive serum 
revealed a working titer of 1:40; 

working titer is defined as a dilu­
tion that gives brilliant (4+) fluores­
cence of infected BHK-21 cells and 
minimal (±) fluorescence of nonin­
fected cells. The conjugate used 
was a 1:25 antihuman IgG rabbit 
serum. The lens smears were fixed 
in acetone for ten minutes at room 
temperature, ringed with fast-dry­
ing enamel and overlaid with posi­
tive and negative sera, incubated 
for 30 minutes at 37C, washed in 
PBS pH 7.4 (also used to dilute the 
serum), stained with the antihu­
man IgG for 30 minutes at 30C, 
washed, mounted in polyvinyl al­
cohol pH 7.5, and examined with 
ultraviolet illumination at x200. 

Preparation of Specimens for 
Negative Stain Transmission 

Electron Microscopy 

The conjunctival and corneal 
scrapings were fixed in 2.5% buffered 
glutaraldehyde. The suspension was 
placed in drops in formvar-coated 
grids that were then stained for 
approximately 30 seconds in 3% 
phosphotungstic acid at pH 6.5. 
The specimens were examined by 
electron microscopy. 

RESULTS 

The patients had conjunctival 
hyperemia and folliculosis (Fig 1). 
Early subepithelial corneal infil­
trates were present in 60% of the 

Fig I.-Conjunctival Hyperemia and follicles of lower lid in epidemic keratoconjunctivitis one week after 
infection. 

Fig 2.-Intense nuclear and cytoplasmic immunofluorescence of adenovirus in infected epithelial cells 
with direct immunofluorescence method (X200). 

Fig 3.-Specific stippled nuclear fluorescence and cytoplasmic fluorescence in conjunctival epithelial cells 
infected with adenovirus· (X150). 

Fig 4.-Herpes simplex keratitis three days after infection showing dendrite stained with fluorescein (X66) 

Fig 5.-Typical branched pattern of dendritic form of herpes simplex keratitis four days after infection. 

Fig 6.-Specific cytoplasmic fluorescence of epithelial cells from herpes simplex dendrite. 



FIGURE 1 FIGURE 2 

FIGURE 3 FIGURE 4 

FIGURE 5 FIGURE 6 
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patients, preauricular nodes were 
present in 80%, and conjunctival 
pseudomembranes were present in 
approximately 10%. Of 50 speci­
mens from patients with EKC, posi­
tive immunofluorescence for adeno­
virus was present in 22 cases. Cy­
toplasmic fluorescence was marked 
(Fig 2), but stippled nuclear fluores­
cence was also observed (Fig 3). 
Cultures and typing showed that 20 
of these were a hybrid type 10-19, 
one was type 3, and one was type 
11. The hybrid type 19 showed neu­
tralization with type 10, and a type 
19 hemagglutinin was demonstrated 
by hemagglutination inhibition. This 
was confirmed by Nathalie J. 
Schmidt, PhD, Viral and Rickett­
sial Disease Laboratory, California 
Department of Health, Berkeley, 
and by J. Hierholter, PhD, Respi­
ratory Virology Branch Center for 
Disease Control, Atlanta. The re­
sults of viral isolations and im­
munofluorescence showed good cor­
relation. Typing was confirmed by 
neutralization with single antiserum 
from the National Institutes of 
Health (NIH) catalogue and by the 
National Communicable Disease 
Center, Atlanta. Positive results 
were obtained only in subjects ex­
amined within one week of onset of 
infection. Electron microscopy of 
negative stained preparations dis­
closed icosahedral adenoviruses mea­
suring 65 to 70 nm in diameter. 
Intact capsids were present in some 
preparations, while in others the 
capsids were disrupted. 

In three persons with herpetic 
dendritic keratitis (Fig 4 and 5), 
positive immunofluorescence was 
present (Fig 6); all were herpes 
simplex hominis type 1. Herpes 
simplex virions obtained from scrap­
ings of dendritis lesions measured 
100 nm in diameter and displayed 
mostly intact capsids (Fig 7). 

A 2-year-old boy with ocular ru­
bella had unilateral cataract (Fig 8) 
and microphthalmos. Smears of the 
cataractous lens revealed positive 
immunofluorescence with the posi­
tive serum in the form of diffuse 
and granular cytoplasmic fluores­
cence, and diffuse streaks of amor­
phous extracellular material. 

Molluscum contagiosum lid le­
sions displayed circumscribed nod­
ules with a central umbilication 
(Fig 9). Scrapings stained with 
hematoxylin-eosin revealed large 
basophilic cytoplasmic inclusions 
in the granular layer. N~gative 
stain electron microscopy disclosed 
brick-shaped virions (Fig 10) mea­
suring 250X200 nm with the usual 
interlacing pattern of surface threads. 
In one patient with a vaccinia lid 
lesion (Fig 11), both mulberry (M) 
and capsule (C) forms were ob­
served (Fig 12 and 13). 

DISCUSSION 

Recent advances in electron mi­
crosaopy as well as immunologic 
techniques have facilitated the rapid 
detection of viruses in clinical speci­
mens. A hapten-sandwich proce­
dure was reported for immunospeci­
fic labeling of cell surface antigens 
with markers visible by scanning 
electron microscopy (SEM).1 Anti­
hapten antibody was used to link 
hapten-modified tobacco mosaic vi­
rus and bushy stunt virus. Viral 
identification by SEM of prepara­
tions stained with fluorescein-la­
beled antibody was described by 
Springer et al,2 using hemaggluti­
nation of chicken erythrocytes by 
influenza virus as a model. Trans­
mission electron microscopy has 
been widely used for the study of 
viral structure and morphogenesis, 
although the low concentration of 
viral particles in some clinical 



Fig 7.-Herpes simplex. Intact capsid with numerous capsomeres (negative stain, original magnification 
X60,000). 

Fig 8.-0cular rubella with unilateral microph­
thalmos and cataract. 

specimens limits application of this 
tool for viral detection. There have 
been reports3•4 that clinical speci­
mens contain adequate numbers of 
morphologically recognizable viral 
particles if obtained at an early 
stage of infection. Horne and 

Fig 9.-Molluscum contagiosum .. Nodular lesion of 
lower lid. 

Ronchetti5 reported a negative stain­
ing carbon film ultrastructural tech­
nique for studying viruses that was 



VOLUME R6 
MARCH !979 OCULAR VIRAL INFECTIONS 459 

Fig 10.-Molluscum contagiosum. Brick-shaped virion with irregular surface threads (negative 
stain, original magnification X74,000). 

Fig 11.-Vaccinia nodular lid lesions. 

used for the preparation of highly 
concentrated suspensions of mosaic 
viruses and human adenovirus type 
5. The advantage of this technique 
over conventional negative stain­
ing is the formation of two-dimen-

sional and three-dimensional crys­
talline arrays of viruses. The pack­
ing arrangement of the viruses 
could be varied according to the 
type of negative stain and pH used 
during the preparation. Doane et 
al6 described a two-hour embedding 
procedure for intracellular detec­
tion of viruses in tissue culture as 
well as tissue biopsy specimens. 
The total processing time by this 
method required two hours com­
pared with an average of 24 to 32 
hours by the standard method. 
However, there was slight decrease 
of specimen detail with less than 
optimal staining compared with 
the standard techniques. Doane4 

reported that identification of vi­
ris by immunoelectron microscopy 
was useful for the study of viral 
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Fig 12.-Mulberry (M) virion of vaccinia (negative 
stain, slightly enlarged from X21 ,500). 

antigens and antibodies. He was 
able to identify elusive viruses 
including rubella, hepatitis-associ­
ated antigens, rhinovirus, and co­
ronavuus. 

Gardner and McQuillin7 have de­
scribed the value of immunofluores­
cence in the diagnosis of rubella, 
adenoviral infections, and measles. 
Immunofluorescence of human viral 
infections, particularly herpes sim­
plex, has been reported. s 

The most common causes of viral 
keratoconjunctivitis are herpes sim­
plex, adenovirus, and chlamydia. 
The most frequent types of adeno­
viruses encountered in ocular in­
fections are types 8 and 19; types 3 
(pharyngoconjunctival fever), 7, and 
10 are sporadically seen. Viral iso­
lations occur during EKC outbreaks, 
usually in the spring and fall in 
the United States. Clinically, adeno­
virus EKC is characterized by the 
acute "onset of a follicular conjunc-

tivitis, hyperemia, photophobia, and 
lacrimation. Diffuse epithelial kera­
titis followed by subepithelial infil­
trates are a frequent finding. All of 
these features were present in the 
cases · studied. However, the clinical 
manifestations of the patients with 
hybrid type 10-19 infection resembled 
EKC caused by other types of adeno­
viruses. There was no evidence of 
systemic involvement. 

Outbreaks of EKC frequently oc­
cur in schools, swimming pools, 
outpatient departments, and hos­
pitals. The epidemics occur from 
contamination of eye solutions, in­
struments, and from infected fin­
gers of doctors and nurses.9•10 Three 
of the patients in this study were 
ophthalmologists who had acquired 
the infection from examining pa­
tients with adenoviral infections. 
Simultaneous nosocomial and com­
munity outbreaks of EKC with 
types 8 and 19 adenovirus were re­
cently described.10 In a recent epi­
demic of EKC at a Vietnamese 
refugee camp in Florida, adenovirus 
type 8 was recovered in 81% of cases 
cultured within two weeks of onset 
of infection.U 

Dawson et aP2 described adeno­
virus-like particles in the conjunc­
tiva of one patient and in the cor­
neal epithelium of another by trans­
mission electron microscopy of tis­
sue culture preparations. They found 
that among 15 patients with EKC 
caused by adenovirus type 8, 2 had 
persistent corneal erosions during 
the acute stage of the disease, 7 had 
conjunctival scarring, and 9 had in­
flammatory membranes. An out­
break of adenovirus type 19 in the 
United States was described by 
Hierholzer and associates13 and by 
Burns and Potter.14 An epidemic of 
EKC caused by adenovirus type 19 
occurred in London.15 In this study, 
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Fig 13.-Capsular (C) form of vaccinia (negative stain, original magnification X74,000). 

adenovirus type 19 was isolated 
from 21 patients using human em­
bryonic kidney cells. Another re­
port16 described difficulties encoun­
tered in typing adenovirus related 
to types 10 to 19 in an outbreak of 
keratoconjunctivitis in Bristol. The 
same problem was encountered in 
this study, since the hybrid type 
10-19 showed characteristics of type 
10 determined by neutralization and 
of type 19 by hemagglutination 
inhibition. 

In 1969, Ellison and associates17 
compared methods available at 
that time for the laboratory diag­
nosis of ocular adenovirus type 3 
infections. They used fluorescent 
antibody staining, examination of 
conjunctival cytology by the Giemsa 

and Papanicolaou stains, and stan­
dard virus isolations and antibody 
titers. They believed that virus cul­
ture was the most reliable way to 
identify adenoviral infections, since 
attempts at more rapid techniques 
using fluorescence antibody meth­
ods were unsuccessful. More re­
cently, however, Vastine and asso­
ciates18 used a direct immunoflu­
orescence technique for the diag­
nosis of acute adenoviral keratocon­
junctivitis with positive results in 
25 patients with epidemic kerato­
conjunctivitis. In an earlier report, 
Schwartz et aP 9 described positive 
immunofluorescence studies in all 
39 patients with adenoviral isola­
tion. The fluorescence staining was 
predominantly present in the cyto­
plasm, but speckled nuclear fluores­
cence was also noted. 
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In the present study, positive re­
sults with immunofluorescence and 
cultures were obtained in patients 
examined within the first week of 
infection, Negative results were 
found in persons with advanced or 
chronic disease. Thus, fluorescent 
antibody staining provides a more 
rapid and sensitive method for the 
detection of adenoviruses in infected 
conjunctival cells than viral culture, 
which usually requires one to eight 
weeks for virus identification. The 
direct immunofluorescent method is 
more rapid (requiring less than one 
hour) than the indirect technique, 
which takes a few hours to perform. 
Adequate controls are essential for 
the reliability of immunofluores­
cence and should be easier with the 
new commercial preserum conju­
gates. Frenkel and Piekarski2° em­
phasized the problems in the diag­
nosis of Toxoplasma organisms 
and others by immunofluorescence 
with appropriate positive and nega­
tive controls. The present study 
showed a good relation of viral 
isolates to positive immunofluores­
cence; the latter was confirmed by 
culture. 

Adenovirus virions were also noted 
in conjunctival scrapings by nega­
tive stain electron microscopy. 
Kajima and associates21 were un­
able to demonstrate adenovirus by 
this method, although the organisms 
were demonstrated by conventional 
thin section electron microscopy. 
This could be due to more super­
ficial smears or scrapings in their 
cases. 

In certain areas, adenoviral in­
fection may be confused with kera­
toconjunctivitis (AHC) produced by 
enterovirus type 70.21 In AHC, the 
presence of conjunctival hemor­
rhage, slight folliculosis, and fre-

quent pain in the early stage dis­
tinguishes this condition from EKC. 
In keratoconjunctivitis caused by 
echovirus 7, associated gastroin­
testinal symptoms, fever, headache, 
and lymphadenopathy are present 
at an early stage, but conjunctival 
folliculosis was not reported.22 

The two main antigenic types of 
herpes virus hominis are type 1, 
commonly associated with infec­
tions of the eye, mouth, skin, and 
upper body, and type 2, associated 
with genital infections. Neumann­
Haefelin et al23 reported 154 pa­
tients with HSV type 1 and three 
with type 2 ocular infections. 

In the present study, the typical 
virions of herpes simplex keratitis 
were readily identified both by im­
munofluorescence and by negative 
stain transmission electron micros­
copy. The patients clinically mani­
fested typical dendritic corneal le­
sions, which stained with fluores­
cein. Dawson and Togni24 observed 
virus particles in corneal epithelium 
and stroma of human corneal but­
tons. The virus may replicate in the 
corneal stroma without any overt 
inflammation. Collin and Abelson25 

recently described a case of ap­
parent herpes simplex keratouveitis 
where the virus was demonstrated 
by transmission electron microscopy 
in the cornea removed at the time 
of a third corneal transplant, in­
dicating that the virus persisted for 
a considerable period of time. In a 
case of herpetic iritis, virus was 
found in the anterior chamber by 
immunofluorescence and electron 
microscopy. 26 

In specimens of molluscum, the 
virions displayed typical brick­
shaped structures27 and were the 
largest viruses observed. The mol-
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luscum lid lesion was a centrally 
umbilicated lid nodule. Light mi­
croscopy showed typical cytoplas­
mic inclusions in the stratum cor­
neum and granulosum. 

SUMMARY 

Rapid techniques for the detec­
tion of viruses in specimens from 
patients with epidemic keratocon­
junctivitis, herpes simplex keratitis, 
rubella, vaccinia, and molluscum 
were used. These included direct 
and indirect immunofluorescence 
and negative stain electron micros­
copy. In 1977, 50 conjunctival speci­
mens from patients with EKC 
showed positive immunofluorescence 
in 22 cases. The latter were from 
subjects with onset of infection of 
up to one week. Cultures and typing 
showed that 20 of these were hy­
brid type 10-19, one was type 3, and 
one was type 1. 

Herpes simplex hominis type 1 
was recovered in culture and dem­
onstrated by direct immunofluores­
cence and negative stain electron 
microscopy in three patients with 
herpetic dendritic keratitis. In one 
patient with ocular rubella, lens 
aspirate showed positive indirect 
immunofluorescence. In patients with 
vaccinial and molluscum lid le­
sions, virions were demonstrated 
by negative stain electron micros­
copy. 
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