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Herpesvirus hominis (HVH) can be differ- 
entiated into at  least two antigenic types 
which have different biological and epidemio- 
logical characteristics ( 1 ) . Several serologi- 
cal tests, such as the microneutralization (2) 
and the kinetic neutralization (3) tests, have 
been used for antigenic differentiation of the 
2 HVH types. Differentiation of HVH iso- 
lates by an immunofluorescent (FA) test 
would offer several advantages for basic and 
clinical studies. This report presents the 
methodology and results obtained with a di- 
rect FA test used to type HVH isolates from 
191 clinical specimens, 95 of which had been 
tested previously by a microneutralization 
test ( 1). 

Materials and Methods. Virus strains. Ini- 
tial experiments were done using the MS 
(type 2 )  and VR3 (type 1) HVH strains 
(2). Ninety-five isolates previously assayed 
by the microneutralization test (1) were also 
tested by the direct FA technique. In  addi- 
tion, 96 HVH isolates from different sites 
were tested by the F A  technique only. Vi- 
ruses had been isdated in primary rabbit 
kidney tissue culture cells, had received one 
to four passages in these cells and had a titer 
of 105-10g.5 TCD50/ml. 

Preparation of infected cells for F A  test. 
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Monolayers of HEp-2 tissue culture cells 
were prepared using Eagle's MEM containing 
10% calf serum. One ml of undiluted virus 
to be tested was added to a 6-oz HEp-2 
bottle. After incubation of the infected mono- 
layer a t  36' for 48 hr, the medium was re- 
moved and the cell sheet washed 2X with 
Hanks' BSS. After trypsinization, the cells 
were resuspended in 10 ml of Eagle's MEM 
with 2% calf serum. The infected cells were 
then washed 3 X  in this medium without 
serum by centrifugation at  1000 rpm for 10 
min. After the third wash, the pellet was 
resuspended in 1 ml of Eagle's MEM without 
serum and a drop of 1 %  bovine albumin 
added. The cells were mixed and one drop 
placed on each of eight spots on a microscop- 
ic slide. The cells were then air-dried and 
fixed in prechilled acetone for 1 5  min a t  
-20'. Control uninfected HEp-2 cells were 
prepared in a similar way. After fixation, 
cells were either used immediately or stored 
at  -70" for later staining. 

Preparation of fluorescein-labeled a.ntisera 
to  type 1 and type 2 HVH.  The preparation 
of  high-titered type 1 and type 2 HVH an- 
tisera in rabbits using three intramuscular 
and intraperitoneal inoculations of VR3 (type 
1) or 13s (type 2) strains grown in primary 
rabbit kidney tissue culture has been previ- 
ously described (2, 4). The anti-type 1 
serum had a neutralization titer of 1 : 160 to 
type 1 and 1:40 to type 2 ;  the anti-type 2 
serum had a titer of 1:80 to type 1 and 1: 160 
to type 2.  The sera were conjugated with 
fluorescein isothiocyanate ( 5 )  and stored at 
-20'. Prior to use, the conjugated antisera 
were absorbed twice (for 1 hr each at 4') 
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TABLE I. Intensity of Fluorescence Observed on Application of Varying Dilutions of Fluores- 
cein Conjugated Anti-Type 1 or Anti-Type 2 Sera t o  Infected Type 1 HVH, Infected Type 2 

HVH, and Noninf ected HEp-2 Cells. 

Dilution of 
conjugated Type 1 infected Type 2 infected Noninfected 

serum HEp-2 cells HEp-2 cells HEp-2 cells 

Fluorescein-con j uga ted 
anti-type 2 serum 

Fluorescein-conjugated 1:2 
anti-type 1 serum 1:4 

1:8 
1:16 
1:32 

1 : 2  
1 :4  
1:s 
1:16 
1:32 

3-4+" 
3-4 + 
3-4 + 
2-3 + 
2-3 + 
3-4 + 
3-4 + 
3-4 + 
2-3 + 
1+ 

2-3 + 
0-1 + 

0 
0 
0 

3-4+ 
3-4 + 
1-2 + 
I+ 

0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

a Intensity of fluorescence. 

with mouse liver powder-BBL-(SO mg per 1 
ml of conjugate) and filtered through a 0.45 p 
Millipore filter. The filtrate was absorbed with 
a HEp-2 cell pellet for 1 hr at  room tempera- 
ture and overnight in a shaker a t  4". Prepa- 
ration of the HEp-2 cell pellets was similar to 
that previously described for infected cells ; 
pellets were frozen at -710" and thawed a t  
37" three times before use for absorption of 
the conjugate. One drop of rhodamine-conju- 
gated normal rabbit serum was added to 1 ml 
of the working dilution of the adsorbed conju- 
gate prior to use. Absorbed conjugates were 
not used for FA staining for more than 3 days 
after preparation. 

Determining working titer of F A  con- 
jugates. Conjugates to type 1 and type 2 
HVH were diluted 1 : 2 to 1 :32 in phosphate- 
buffered saline (PBS) pH 7.2. One drop of 
each dilution was added to previously 
prepared noninfected cells and cells infected 
with type 1 (VR3 strain) or type 2 (MS 
strain) HVH. The slides were incubated in a 
moist chamber at room temperature for 20 
min, washed with PBS for four/lO min peri- 
ods and air-dried. They were then mounted 
in glycerol buffer and examined with a Leitz 
OrthoLux microscope using a UGI primary 
filter and GG13 secondary filter. 

The specificity of the reactions was ascer- 
tained using an inhibition test with uncon- 
jugated rabbit anti-type 1 and anti-type 2 

HVH and conjugated normal rabbit serum, 
as well as with controls consisting of nonin- 
fected cells. 

Results obtained with several tests to as- 
certain working dilutions are summarized in 
Table I. A dilution of 1:8 of conjugated 
anti-type 1 serum reacted only with type 1 
infected cells. In  addition, many of the cells 
showed not only perinuclear fluorescence, but 
also granules of varying sizes in the nucleus 
and near the nuclear membrane (Fig. 1).  A 
dilution of 1:4 of Conjugated anti-type 2 
serum reacted with both type 1 and type 2 
infected cells, while higher dilutions of this 
conjugate gave less intense fluorescence with 
type 2 than with type 1 infected cells. Type 
1 infected cells stained with the type 2 con- 
jugate showed similar perinuclear fluores- 
cence and granules as with conjugated anti- 
type 1 serum (Fig. 1).  However, type 2 in- 
fected cells stained with conjugated anti-type 
2 serum did not have any coarse granular fluo- 
rescence, showing in addition to perinuclear 
staining, homogeneous nuclear fluorescence 
(Fig. 2). For testing of HVH isolates report- 
ed here, the type 1 conjugate was therefore 
used at  1:8 dilution and type 2 conjugate a t  
1:4 dilution. Viruses were identified as to 
type as follows: type 1 HVH, if positive 
(3-4+) staining was observed with both con- 
jugated anti-type 1 and anti-type 2 con- 
jugates, with fluorescent coarse granules also 
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FIG. 1. Perinuclear fluorescence and fluores- 
cent granules observed in type 1 HEp-2 infect- 
ed cells with fluorescein-conjugated anti-type 1 
rabbit serum. (Similar staining is observed in 
type 1 infected cells with fluorescent-conjugated 
anti-type 2 rabbit serum). 

seen; type 2 HVH, if positive staining was 
found only with anti-type 2 conjugate. Every 
test included known type 1 and type 2 in- 
fected and uninfected cells which served to 
control the potency and specificity of the 
reagents on the day of their use. FA tests 
were done on unknown HVH isolates without 
prior knowledge as to type(in cases where a 
previous microneutralization typing test had 
been done), or to site or origin of the iso- 
lates. 

Results. Forty-seven HVH isolates previ- 
ously found by the microneutralization 
(MN) test to be type 1 were also found to 
belong to this type by the FA test (Table 11: 
MN-FA column). Similarly, 48 isolates, 
typed as 2 by the MN test, were found to be 
of that type by the FA technique. There was 
thus complete agreement between the MN 
and FA tests. 

In  view of these results, 96 HVH isolates 
from a variety of sites and clinical conditions 
were typed by FA only (Table 11: FA 
column). The HVH type of these isolates 
compared favorably with previous experience 
on relation of site of origin to isdates typed 
by the MN test. For instance, all HVH 
strains which had been isolated from mouth, 
lips, eyes, spinal fluid, or brain in patients 
outside the newborn age group when tested 
by FA only were type 1, as had been previ- 
ously found with strains tested by the MN 

test. On the other hand, all but one of 69 
genital isolates (with no concurrent mouth 
HVH isolated) tested by FA only were found 
to be type 2 HVH, in comparison to 91 out 
of 94 previously tested by MN on4y. 

The overall perspective of our current ex- 
perience with typing of 322 HVH isolates is 
also presented in Table 11. 

Discussion. Although various biological 
markers (reviewed in 1)-such as pock size 
on chorioallantoic membrane, tissue culture 
cytopathic effect, and mouse virulent-n 
be used to differentiate type 1 from type 2 
HVH strains, exceptions have been noted 
with such methods, mostly resulting from vi- 
rus passage in various host systems. Similar- 
ly, there are several exceptions in the associa- 
tion of one HVH type with site of viral 
recovery, e.g., 8 of 171 genital isolates were 
type 1 (Table 11). 

A direct FA test for the differentiation of 
HVH strains is an additional means to those 
serological tests-microneutralization ( 2 ) ,  
plaque reduction (3, 6) ,  and kinetic neutrali- 
zation (3 ,  7)---currently in use for typing. 
Once the conjugated anti-type 1 and type 2 
sera are prepared and the conditions of their 
use ascertained, the FA test offers advantages 
in rapidity and ease of performance for la- 
boratories equipped for this technique. In  
addition, the FA technique offers the possibil- 
ity of not only identifying HVH directly 
from clinical specimens but also of obtaining 
concurrent typing. 

FIG. 2. Perinuclear and nuclear fluorescence 
observed in type 2 HEp-2 infected cells with 
fl,uorescein-conjugated anti-type 2 rabbit serum. 



TABLE 11. HVH Type as Assayed by Microneutralization (MN) Test, Immunofluorescent (FA)  Test, or Both M N  and FA Tests-Relation to Type 
of Clinical Involvement and Site of Isolation. 

Type 1 Type 2 

Type of clinical involvement Site of isolation M N  MN-FA F A  Total M N  MN-FA FA Total 

Children and adults 
Geuital tract 

Male 
Female 

Genital tract and mouth 

Gingivos toma ti tis or asymptomatic 
I-Ierpes labialis 
Dermatitis 

Eczema herpeticum 

Meningoencephalitis 
Generalized herpes 

Eye 

Newborns 
Generalized, encephalitis, Keratitis, 

dermatitis 

Total 

Penis 
Vulva 
Cervix, vagina 
Penis and mouth 
Vulva or cervix and mouth 
Mouth 
Lip 
Face or trunk 
Thighs, buttocks 
Hands or arms 
Skin 
Conjunctiva, cornea 
Spinal fluid, brain 
Visceral organs 

Visceral organs, brain, eye, 
skin 

3 

1 
2 

16 7 
5 9 
8 2 

2 1 
5 7 

17 10 
2 

11 9 19 39 
4 28 10 26 64 

26 10" 23 59 
1 
3 1 1 

27 
16 
13 

11 
1 3 
3 

14 
35 1 
2 

7 3 1 
1 1 1 

l a  

3 0 3 4 14 4 22 

53 47 22 122 77 48 74 200 
~ ______ ~~ ~~ 

a One female patient with simultaneous herpes cervicitis (type 2)  and herpes labialis (type 1). 
* MS strain from brain of patient with multiple sclerosis (12). 



390 TYPING OF Herpesvirus horninis 

The pattern of reactivity of the conjugated 
anti-type 1 and type 2 sera follows those 
previously found with microneutralization 
(2) and complement-fixation (3 ,  8)  tests; 
i.e., antibodies to type 1 HVH react better 
with type 1 than type 2 strains, whereas type 
2 antibodies react almost equally to the ho- 
mologous or heterologous type. Type differen- 
tiation could thus be accomplished by using 
appropriate didu tions of conjugated an ti- type 
1 serum (Table I ) .  Another difference was 
the finding of fluorescent coarse granules 
in cells infected with type 1 using con- 
jugated sera of either type; these granules 
were not observed in type 2 infected cells. 
Similar morphological features have been ob- 
served by us with type 1 and type 2 con- 
jugated sera from rabbits infected in the cor- 
nea and by using other host cells (green 
monkey kidney, BHK-2 1, primary rabbit 
kidney) infected with type 1 or type 2 virus. 
The finding of similar fluorescent granules 
has been previously noted by several other 
workers using different methods for preparing 
conjugates to presumably type 1 strains 
(9-1 1) .  Studies are in progress to define the 
nature of the morphological staining differ- 
ences observed which might assist in defining 
the common and different antigens in the 
two HVH types. 

Summary. A direct immunofluorescent 
(FA) test was used to facilitate typing of 
Herpesvirus hominis (HVH) strains. Using 
specific dilutions of fluorescein-con j uga ted 
rabbit anti-type 1 and anti-type 2 sera, HVH 
strains grown in HEp-2 cells could be typed 
as 1 if they reacted with both conjugated sera 
and as type 2 if they reacted only with 
anti-type 2 sera. In  addition, a difference in 
staining between type 1 and type 2 infected 
cells was observed: type 1 infected cells 
showed perinuclear staining and fluorescent 
granules with either coniugated serum : tvDe 

2 infected cells showed no coarse granules and 
had both perinuclear and nuclear staining. 

There was total agreement between results 
using the FA technique and those obtained 
previously by a microneutralization (MN) 
test in the typing of 95 HVH isolates. When 
an additional 96 HVH isolates were tested by 
the FA technique only, the type found cor- 
related weld with site of isolation. Current 
experience with 322 HVH isolates typed by 
the MN test only, FA test only or by both 
tests provides further perspective on the rela- 
tion between HVH type, site of isolation, 
clinical manifestation, and age of the infected 
individual. 
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