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Herpes simplex virus type I (KOS) was instilled onto the eyes of rabbits with experimentally induced
xerophthalmia (vitamin A deficient) and control animals fed a vitamin A supplemented diet. The severity
of the herpes virus-induced corneal disease, assessed by biomicroscopic examination and by counting
the number of corneal lesions as well as by determining the virus titers, was significantly less in vitamin
A deficient animals than in controls. Infection of the corneas of the vitamin A deficient rabbits with
herpes simplex virus did not precipitate keratomalacia. The few lesions present on the corneas of the
vitamin A deficient animals were in the corneal periphery, which was less keratinized than the central
cornea. Electron microscopy suggested that virus was capable of replicating in the basal and wing cells
in the peripheral corneal lesions in the vitamin A deficient animals. These studies indicate that vitamin
A deficiency alone may not predispose the host to more severe ocular herpesvirus infections. Invest
Ophthalmol Vis Sci 28:238-242, 1987

An association between measles infection, herpetic
corneal infection, and severe xerophthalmia and ker-
atomalacia has been recognized for several years.1"6

Severe corneal ulceration in malnourished and vitamin
A deficient children frequently follows measles infec-
tion by 1-4 wk.1"4 In one report, it was noted that eye
scrapings of 16 of 34 malnourished children presenting
with "active" corneal ulcers following measles infection
produced positive cultures for herpes simplex virus.4

The children ranged in age from 7 to 42 months. Her-
petic lesions have also been observed in the orofacial
regions of children with concomitant measles and
malnutrition in Africa and elsewhere.2'4'5 The mech-
anism which predisposes vitamin A deficient children
to severe orofacial and corneal herpes virus infections
has not been fully elucidated. Sommer states that her-
petic infection may be yet another manifestation of
severe underlying malnutrition and that its contribu-
tion to the development of measles associated corneal
dissolution remains to be determined.6 The purpose of
this study was to determine if acute infection with a
strain of herpes simplex virus type I (KOS), known to
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produce mild epithelial keratitis in normal rabbits,7'8

would result in more severe herpetic keratitis or pre-
cipitate keratomalacia in vitamin A deficient rabbits.

Materials and Methods

Animal Model

One group of New Zealand white rabbits (2.5 to 3.0
kg) was maintained on a diet deficient in vitamin A
(test diet No. 77227, Teklad; Madison, Wisconsin). A
second group of rabbits was maintained on the same
diet supplemented with vitamin A to serve as controls
(Teklad; test diet No. 78403). Vitamin A deficient rab-
bits were selected for entry into the study after mainte-
nance on the vitamin A deficient diet for at least 3
months, after attainment of a plateau in weight gain
and presentation with corneal signs of vitamin A de-
ficiency.9 Animals at this stage are known to have re-
duced serum vitamin A, whereas those maintained on
the supplemented diet have normal levels of serum
vitamin A.9

During the course of these studies, 20 eyes of 10
vitamin A deficient rabbits were infected with herpes
simplex virus type 1 (HSV-1). The corneas of all rabbits
in this group presented with a lusterless graying of the
epithelium and a central dry, glazed "peau d'orange"
appearance prior to infection. Eleven of the 20 eyes
also possessed keratinized xerotic plaques in the area
of the interpalpebral fissure. Stromal infiltration, ne-
crosis, or neovascularization was not observed in any
of the animals entered into the study. Eight rabbits
were selected from the group of animals fed the vitamin
A-supplemented diet to serve as controls. The corneas
of these animals showed no unusual corneal pathology
on slit-lamp examination or fluorescein staining.
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The eyes of all animals were examined by slit-lamp
biomicroscopy and fluorescein staining daily for 7 days
after infection and on alternate days thereafter. The
clinical appearance of the corneal epithelium and the
number and location of herpetic lesions were recorded.
The upper and lower cul-de-sac were swabbed with a
sterile cotton tipped applicator prior to each clinical
examination for determination of HSV-1 titers.

Animals from each group were killed on days 6, 7,
and 14 postinfection. The eyes were enucleated and
fixed in 2.67% glutaraldehyde in 0.1 M sodium phos-
phate buffer (pH 7.6). The corneas were excised after
24 hr, rinsed, and postfixed in 2% OsO4 in the same
buffer. This tissue was washed, dehydrated in a graded
series of ethanol, embedded in an epoxy resin, and
sectioned. Thick sections stained with methylene blue
were used to evaluate the extent of epithelial kerati-
nization and to locate epithelial lesions. Thin section
of selected areas were examined by transmission elec-
tron microscopy.

Virus

The KOS strain of herpes simplex virus type 1, used
to infect the rabbits, was propagated in a rabbit kidney
cell line (RK-13). This strain of virus was selected be-
cause it produces discrete, punctate epithelial lesions
with minimal stromal involvement. The nature of these
lesions in normal rabbits is well characterized by elec-
tron microscopy,7 and the severity of disease can be
assessed by counting lesion numbers.8

All animals were infected by instilling 106 plaque-
forming units of virus in both eyes of each rabbit with-
out corneal scarification. The upper and lower cul-de-
sac of each eye was swabbed daily and swabs placed in
Hanks' balanced salts and frozen at 80°C until assay.
The titer of virus shed was determined in Vero cells
by assaying the eluant of the swabs by the TCID50

method.10

Results

All of the rabbits in the vitamin A deficient and con-
trol groups developed herpes virus corneal infections.
However, the severity of the herpetic keratitis (based
on the number of herpetic lesions and virus titer) was
less in vitamin A deficient animals than in controls
(Figs. 1, 2). During the period of most severe disease,
the number of herpes lesions per cornea was 43 ± 18
(x ± SD) in the animals fed the control diet and 5 ± 7
in the animals fed the vitamin A deficient diet. The
few lesions in the vitamin A deficient animals occurred
primarily in the peripheral cornea. In contrast, the
many lesions present in the eyes of control animals
were randomly distributed on the corneal surface. Le-
sions were of similar size in both groups.
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Fig. 1. The effect of vitamin A deficiency on the number of HSV-
induced eye lesions on days 4 through 14 postinfection. The fluo-
rescein-staining dendritic lesions characteristic of the KOS strain of
HSV were counted with the aid of a slit lamp. Mean lesion number
was plotted for the various days postinfection. The open bars represent
the mean (x) and standard deviation (SD) for the pair-fed controls.
The solid bars represent the x and SD for the vitamin A deficient
animals. Significant difference is shown by (*), as determined by the
student t-test. The number of eyes in each group is contained in the
parentheses.

Maximum virus titers were reached on days 5 and
6 in the control and vitamin A deficient groups (Fig.
2). During the period of maximum virus titer, the titers
were significantly lower in the vitamin A deficient an-
imals. The mean maximum titer obtained post-infec-
tion was 4.0 X 104 pfu/eye in controls and 4.0 X 102

pfu/eye in deficient animals. The range and standard
deviation were large for both groups; however, only 1
of 14 eyes of the control group possessed a titer less
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Fig. 2. The effect of vitamin A deficiency on virus titer in the eye.
TCIDjo (x ± SD) of HSV obtained from swabs and the upper and
lower cul-de-sacs was determined in Vero cells. The symbols are the
same as indicated for Figure 1.
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Fig. 3. Accumulation of anucleate keratinized epithelial cells on
surface of central cornea in vitamin A deficient rabbit (X5,3OO).

Fig. 5. Single sloughing superficial epithelial cell and herpes virus
infected wing cell in lesion in peripheral cornea of a vitamin A deficient
rabbit (XI 0,200).

Fig. 4. Thickened cell membrane (comified envelope) of keratinized
epithelial cells in central cornea of vitamin A deficient rabbit (X7,400).

than 104 pfu/eye on days 5 and 6 postinfection, whereas
only 3 of 14 eyes in the vitamin A deficient animals
possessed titers of greater than 104 pfu/eye. Chi-square
analysis showed that significantly greater number of
eyes produced high titer vims in the control group than
in the vitamin A deficient group.

Multilayers of keratinized superficial epithelial cells
were present on the surface of the central cornea (Figs.
3 and 4) of animals fed the vitamin A deficient diet.
Keratinization was less extensive in the peripheral cor-
nea. Herpes simplex virus was observed in the wing
and basal epithelial cells in the peripheral lesions of
corneas from vitamin A deficient animals (Figs. 5, 6)
as well as in lesions throughout the corneas of control
animals. The presence of large numbers of nonenvel-
oped viral particles in the nuclei and enveloped particles
in the cytoplasm supports the hypothesis that virus ac-
tively replicated within accessible cells of the cornea of
vitamin A deficient animals as well as control animals.

Discussion '

The nutritional status of the host clearly plays an
important role in the pathogenesis of infectious dis-
eases. Vitamin A deficiency has been shown to result
in compromised epithelial barriers that permit the es-
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tablishment of opportunistic pathogens such as Pseu-
domonas.'' In addition, the vitamin A deficiency ap-
pears to result in immunological deficiencies in the
host that can complicate the course of infection.12 The
mechanisms by which vitamin A alters the pathogenesis
of infectious agents are not fully understood. Therapy
with retinoids is capable of reducing the severity of
herpes virus infections as well as overcoming the im-
munosuppressive effects of corticosteroids in animals
that are not vitamin A deficient.1314 The effects of vi-
tamin A in these circumstances, however, are probably
not due to direct selective antiviral activity.13

The results of this study were surprising in that the
eyes of the vitamin A deficient rabbits developed clin-
ically less severe infections (fewer lesions and lower
virus titers) than did the control animals. Electron mi-
croscopy clearly demonstrated herpes virus in the pe-
ripheral lesions of the corneal epithelium of xeroph-
thalmic corneas, but the number of lesions and the
number of eyes that possessed high titers of virus was
significantly lower among the vitamin A deficient rab-
bits compared to control animals. The superficial layers
of corneal epithelial cells in the interpalpebral fissue in
vitamin A deficient rabbits achieve a high degree of
morphological and biochemical keratinization (abun-
dant keratohylin granules and anucleate superficial
cornified cells with thickened envelopes).9''5 These cells
may not be able to permit the penetration or support
the replication of the virus. As a result, only the cells
in the periphery apparently served as permissive hosts
for virus replication.

In studies recently reported by Nauss et al,'6 the onset
of herpetic eye infections was more rapid and clinically
more severe in vitamin A deficient rats as compared
to pair-fed controls. It should be noted, however, that
the animals were infected early in the course of the
deficiency when the epithelial layers of the cornea are
less keratinized and that the clinical manifestations of
the herpes infection were evaluated by a combined rat-
ing scale that included a summation of scores for ep-
ithelial and stromal disease, conjunctivitis, and iritis.
Under the conditions of their experiments, there ap-
peared to be no significant difference in the severity of
corneal disease when the animals were infected with
high titers of virus (3 X 104 pfu). Principal differences
were observed in the iris and cilary body, which were
not evaluated in our study. Nauss et al16 reported that
when animals were infected with lower doses of virus,
it appeared that the vitamin A deficient animals were
more susceptible to infection. Although some immu-
nological functions of spleen cells were reduced in vi-
tamin A deficient rats, cells of the cervical lymph nodes
from vitamin A deficient animals were actually more
responsive to mitogens than those of controls.12 Fur-
ther, vitamin A deficient animals, when tested early in

Fig. 6. Herpes viruses between and within basal epithelial cells of
the herpetic lesion shown in Figure 3 (X 17,600).

the course of deficiency, were capable of making a local
inflammatory response to ocular HSV infections.12

The acute infection produced by the strain of HSV-
1 used in our study did not precipitate a rapid onset
of keratomalacia in vitamin A deficient rabbits. Mere
establishment of herpetic keratitis is apparently not suf-
ficient to trigger stromal dissolution. We purposefully
selected the KOS strain of virus because it produces a
mild, well-characterized epithelial disease that is nor-
mally uncomplicated by stromal keratitis. Infections
by strains of virus, such as RE or Shealy, which produce
more severe corneal disease, might be capable of in-
ducing stromal dissolution, but distinguishing the con-
tribution of severe herpetic disease from other processes
contributing to keratomalacia would be difficult.

The role of measles virus infection in precipitating
keratomalacia is unclear. A previous or concomitant
measles virus infection may be a significant contrib-
uting factor leading to corneal dissolution in vitamin
A deficient children. Both vitamin A deficiency and
measles infections are known to be immunosuppres-
s j v e 1,6,12 jhg r e s u | t i ng immunosuppression in children
afflicted with both conditions may be adequate to per-
mit severe secondary infection with herpes or other
infectious agents or result in reactivation of latent
herpes virus.

Key words: vitamin A, Herpes simplex virus, xerophthalmia,
keratomalacia
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