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Experimental ulcerative herpetic keratitis.
III. Evaluation ofhyperimmune gammaglobulin
therapy
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SUMMARY The value of hyperimmune gammaglobulin (HGG) therapy in ulcerative herpetic
keratitis was assessed in rabbits. HGG treatment of early disease in normal rabbits was very effective,
producing a 10-fold rise in the virus concentration needed to infect 50% of sites (CID50) and an 88 %
inhibition of ulceration after 2 days. The efficacy of the gammaglobulin preparations tested depended
on their anti-HSV antibody content. Established disease was considerably less responsive to HGG
therapy. No conclusive effect of HGG therapy could be demonstrated in rabbits with a previous
HSV skin infection ('immunised'). Corticosteroid-induced geographic ulceration in immunised
rabbits was not prevented by concurrent HGG therapy. The findings indicate that HGG is unlikely
to represent a useful therapy for ulcerative herpetic keratitis but that it may be valuable in primary
disease and in long-term prophylaxis.

The pathogenesis of ulcerative herpetic keratitis
is due to active proliferation of herpes simplex
virus (HSV) in exposed ulcers of the corneal
epithelium, where virus particles and infected
cells may be relatively accessible to topically ad-
ministered anti-HSV antibody. Free particles in
the tear film could also be neutralised by anti-
body, preventing reinfection. Human gamma-
globulin has been used in the treatment of her-
petic keratitis,1-3 but to our knowledge no con-
trolled experimental studies of the value of
gammaglobulin in ulcerative herpetic keratitis
have been reported.
Normal human gammaglobulin contains a

proportion of anti-HSV antibodies, but a higher
antibody titre is found in specific hyperimmune
gammaglobulin (HGG). In this study we have
used an animal model to study the effects of
HGG in ulcerative herpetic keratitis. We com-
pared the effects of HGG treatment on early and
established disease in normal rabbits, early in-
fection of immunised rabbits,4 and steroid-
enhanced disease in immunised animals.5

Correspondence to Miss C. A. Carter, Bristol Eye Hospital,
Lower Maudlin Street, Bristol BS1 2LX.

Material and methods

Three types of gammaglobulin were used, pro-
duced by routine processes6 from donated human
blood. Negative was prepared from sera contain-
ing no neutralising antibody to HSV; normal
(available commercially) was prepared from un-
selected sera; and immune (HGG) was prepared
from sera of individuals with recent HSV infec-
tions. The 50% neutralising antibody titres were
1/1280 for normal gammaglobulin and 1/2400 for
HGG. Negative gammaglobulin or artificial tears
(Hypromellose) were used as placebo. Topical
treatment comprised 5 drops daily, at 1i hour
intervals. In all experiments gammaglobulin was
administered to one eye of each rabbit and
placebo to the other, and the allocation of treat-
ment was unknown to the observer. The details
of the virus and animals used and the methods
of immunisation of rabbits, corneal inoculation
of virus, and assessment of corneal disease have
been described.4 The ranges of virus concen-
tration used were 0 4 to 26-1 X 105 PFU/ml or
0-02 to 15-6 X 105 PFU/ml for normal and 3 9 to
250 0X 105 PFU/ml for immunised rabbits (PFU=
plaque-forming units).

In normal animals treatment of early disease
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Experimental ulcerative herpetic keratitis

began on day 0, 1+ hours after corneal inocu-
lation of virus. Negative, normal, and immune
gammaglobulins were tested in experiments in-
volving 5, 3, and 4 rabbits respectively. Treat-
ment of established disease began on day 2, in a
total of 9 rabbits. Treatment of immunised
rabbits began on day 0 (4 animals). Cortico-
steroid-induced geographic ulceration was induced
in immunised animals according to the model
developed previously.5 Five immunised rabbits
were treated with 01 % clobetasone butyrate
from day -1, and HGG or placebo treatment
was initiated on day 0.

Results

EARLY DISEASE IN NORMAL ANIMALS
HGG treatment was very effective, producing a
large rise in corneal infectious dose for 50% of
inoculations (CID50) when compared with Hypro-
mellose or negative gammaglobulin. Normal
gammaglobulin had a smaller effect, while nega-
tive gammaglobulin was no different from
placebo. The areas of corneal ulceration observed
on days 2 and 4 also showed that negative
gammaglobulin had no significant effect, while
normal gammaglobulin had some effect and
HGG a considerable inhibitory effect on ulcer-
ation (p<0-02 by the Wilcoxon rank sum test)
(Table 1).

ESTABLISHED DISEASE IN
NORMAL ANIMALS
On day 4, after 2 days' treatment, the difference
in areas of ulceration between HGG- and

Table 1 Mean CID50 and percentage inhibition of
iulceration values on day 2, after beginning of
treatment on day 0.
Rabbits Treatment CID 50 % Inhibition

Control Experi- Control Experi- of ulceration
mental mental day 2

Normal Negative
gamma- HGG 3-4 351 87-6
globulin

Normal Hypro- Negative 3 5 3-1 6-6
mellose gamma-

globulin
Normal Hypro- Normal

mellose gamma- 5 2 29-2 65 3
globulin

Normal Hypro-
mellose HGG 1-5 62-5 92-3

Immunised Negative
gamma- HGG 135-6 192-8 -15-6
globulin

Immunised Steroid Steroid
Hypro- + 143 0 205 1 13-1
mellose HGG

Percentage inhibition area (control) area (experimental)
area (control)
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Fig. 1 Comparison of HGG and placebo treatment of
established disease; areas of ulceration (% of cornea)
on day 4.

placebo-treated eyes was very much less marked
than in rabbits treated from day 0. A reduced
area of ulceration in HGG-treated eyes was ob-
served in 8 of 10 rabbits (p<0 05 by the Wilcoxon
signed rank test), and this effect appeared to be
greater where the initial extent of ulceration was
small (Fig. 1).

EARLY DISEASE IN IMMUNISED
A N I M A L S
No significant effect of HGG was found in im-
munised animals. No increase in the CID50 value
was produced by HGG treatment, and no dif-
ferences were found between areas of ulceration
in HGG- and placebo-treated eyes on day 2,
although on day 4, 2 of 4 rabbits showed a re-
duction in area of ulceration (Table 1).

CORTICOSTEROID-INDUCED
DISEASE IN IMMUNISED ANIMALS
No effect of HGG was found, even at the time
of maximum corticosteroid-induced increase in
ulceration, 7 days after the inoculation of virus
and commencement of HGG treatment (Table 1,
Fig. 2).

Discussion

These findings show that topical HGG therapy
is effective in a rabbit model of ulcerative her-
petic keratitis when administered to normal
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30 are liable,8 might be prevented by the topical
administration of HGG.

0 Although anti-HSV antibody has been shown
to have significant inhibitory effects on HSV in-
fections in vitro,9-'2 the influence of antibody is
presumably limited by its inability to reach
replicating virus inside cells. The disruption of

so iZ infected cells to expose these virus particles is
the basis for the use of cryosurgery prior to anti-

* / body treatment.' However, the dangers of cryo-
surgery restrict the applications of this method.

40 An alternative approach to the problem of in-
tracellular infection is that of Zirm (personal
communication, 1980) whereby Fab fragments

20 / * of the antibody molecule, which can penetrate
/* cells, are used. Such preparations may have con-

siderable potential, especially if derived from a
/_______.______.______.______._____ gammaglobulin material with a high antibody

0 20 40 60 80 100 titre. (Note added in proof: This material was
PLACEBO

60 80 100

subsequently tested in this model but was not
PLACEBO TREATED found to influence established disease in normal

2 Comparison of HGG and placebo treatment rabbits.)
corticosteroid-enhanced disease in immunised It may be concluded that, although HGG has
imals; areas of ulceration (% of cornea) on day 7. the advantage of low toxicity and low cost, the

limitations to its efficacy shown in the present
imals at an early stage in the disease process study indicate that it is unlikely to be a useful
d that this effect is related to the anti-HSV therapeutic agent. However, it may be valuable
tibody content of the preparation. However, in primary disease and as a long-term prophy-
treatment is delayed until the infection has lactic in immunosuppressed patients.

become established, it has a greatly reduced
efficacy, which does not compare favourably with
that of established antiviral substances in this
model.7 HGG has no significant effect on disease
in immunised rabbits, nor does it inhibit the
enhancement of ulceration which results from
corticosteroid treatment in immunised animals.
These findings suggest that HGG therapy would
kave little value in the majority of clinical cases
of ulcerative herpetic keratitis which present as
established disease in patients with immune res-
ponses to the virus. The lack of effect in steroid
enhanced ulceration indicates that HGG cannot
be used as 'cover' for corticosteroid treatment.
Although it has been reported that topical human
gammaglobulin can be useful in the treatment
of ulcerative and stromal herpetic keratitis,2 3 the
preparation has not become generally accepted
as a worthwhile therapy.
The considerable efficacy of HGG administered

early in infection in normal rabbits shows that
it could be a valuable nontoxic prophylactic
agent, especially when immune responses are
absent or deficient. Corneal infection following
primary herpes simplex blepharoconjunctivitis,
and the severe herpetic keratitis to which im-
munodeficient and immunosuppressed patients
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to Prevent Blindness grant from the RNIB.
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