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Abstract. There is no established prophylaxis of Herpes neonatorum. In experimental,
newborn animals protection can be achieved by sufficient passive antibody given shortly
after infection. Animal model data was sought to estimate a realistic and practical dose of
human immune globulin for prophylaxis of newborn humans at risk. We used a neonatal
mouse model and type II herpes simplex virus (HSV) to evaluate factors which govern the
efficiency of antibody prophylaxis. Antibodies prepared in mice, rabbits, or man were
equally protective. Timing experiments showed that these antibodies gradually lose their
protective effect when administered more than 12 hr after infection. The first dose of multi-
ple doses of antibody is the most crucial for protection. Intraperitoneal or subcutaneous
injections of human immune globulin were equally effective. About 65 units of human
anti-HSV antibody in 1-g newborn mice was the minimum dose which resulted in maximum
protection. Comparison of this minimum protective dose with levels of neutralizing antibody
in commercial immune globulin indicated that approximately 100 ml would be needed to
achieve similar protective serum antibody levels in man. Six percent of potential blood
donors were determined to have sufficient HSV antibody titers (=1000 units) to prepare
hyperimmune globulin at least 10 times more potent than commercially available immune
globulin. Only 10 ml or less of such hyperimmune globulin is estimated to be protective. This
reduced volume of hyperimmune globulin is easily injected into the loose subcutaneous

tissue in the backs of newborn children.

Herpes neonatorum often is a generalized
herpes simplex virus (HSV) infection of
newborn infants, which is almost always
highly fatal or debilitating. The infection
most often occurs during the passage of the
baby through the birth canal of a mother
undergoing active infection of the cervix or
vagina, although less frequently infections
may occur intrauterally or postnatally. A
small group (approximately 14%) of re-
cently infected mothers have normal off-
spring (1-5). The mechanisms involved in
protection are only incompletely under-
stood. Although cell-mediated immunity is
thought to play an important role in herpes-
virus infections, adequate levels of anti-
body are protective in animal model infec-
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tions (6—18). In man placentally transferred
antibodies may be one of the reasons for
natural protection of some infants against
herpes neonatorum (19).

Early attempts at protection against
herpes neonatorum in one human case (14)
and many animal trials (17, 18, 20) by ad-
ministration of commercially available im-
mune globulin were unsuccessful. It was
believed, therefore, that the antibody re-
sponse did not play an important role in
protection. However, the reason for lack of
protection may have been the low concen-
trations of antibodies in these passively
administered sera. We and others have
shown, for example, that hyperimmune an-
tisera to HSV will protect newborn mice
against a lethal dose of HSV given subcuta-
neously, intranasally, and intracerebrally
(15, 16, 21, 22). We now extend the studies
in the mouse model to: (a) examine the dose
variables which govern the effectiveness of
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neutralizing antibody during postexposure
prophylaxis of experimental HSV infection,
(b) determine the effectiveness of human
antibodies in various potencies in protec-
tion against experimental herpes neona-
torum, and (c) determine whether human
antibodies are protective against different
antigenic types and strains of HSV. Finally,
from the estimate quantity of passive anti-
body required to achieve protection levels
of serum antibody in human newborns, we
determined the percentage of blood donors
in the population that have sufficient an-
tibody for production of hyperimmune
globulin.

The data show that antibody dose and
timing strongly influence the protective ef-
fect against herpes neonatorum. A projec-
tion of the quantity of human antibody re-
quired to prevent the human disease indi-
cated that ordinary immunoglobulin is
impractical and that approximately 6% of
surveyed donors have sufficient antibody
to HSV type II (HSV II) for use in produc-
tion of suitable hyperimmune globulin.

Materials and Methods. Tissue culture
and media. Human foreskin fibroblast cells
(HFS-4) were obtained from Dr. J. Vilcek,
New York University Medical School.
Cells in flasks or microtiter plates were
grown in Eagle’s minimum essential medi-
um (MEM), supplemented with 10% heat-
inactivated fetal calf serum (FCS), and
100 units of penicillin G/ml and 1 ug of
streptomycin/ml. Serum was reduced to 2%
for experiments.

Viruses. HSV type I1 MS strain was used
for most studies. Where indicated, we also
used the following strains: HSV II, 75-730;
HSV 11, 76-632; HSV II, Greenwood; and
HSV I KET. These viruses were obtained
through the courtesy of Dr. A. J. Nahmias,
Emory University. Plaque titers of viruses
were determined using HEP-2 cells in a
microtiter plaque assay (23). Plaques were
enumerated microscopically using two to
four replicates and repeated assays. Differ-
ences of 50% are statistically significant (P
< 0.05).

Antibody to HSV type II. Two types of
antibodies against HSV type II were used:
rabbit antibody as hyperimmune serum,
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which was previously described (21), and
human antibody, as commercial human
immune globulin. Twenty-six batches of
commercially prepared immune globulin
preparations were tested for the level of
antibodies against HSV type II. Four im-
mune globulin preparations were provided
by Hyland Laboratories, 10 from Merck,
Sharp and Dohme Company, 2 from Savage
Company, and 10 from Wyeth Phar-
maceuticals. Before use in antibody pro-
tection experiments, all batches of immune
globulin were assayed in vitro for plaque
neutralization of NSV II.

Five hundred fifty-six serum samples
were obtained from blood donors in Gal-
veston County, Texas. They were collected
with the help of Dr. E. Patten of the Uni-
versity of Texas Medical Branch Blood
Bank service.

Neutralization tests. Serial twofold dilu-
tions of sera were mixed with equal vol-
umes of virus (20—30 PFU/0.1 ml) and in-
cubated at 37° for 1 hr. Two-tenths milliliter
of each mixture was placed in duplicate or
quadruplicate on HEP-2 cells grown in mi-
crotiter II plates and incubated overnight.
One unit of antibody is calculated as the re-
ciprocal of the highest dilution of antibody
and reduces the number of plaques by 50%.
Since two replicas were used, 50% reduc-
tion means discrimination of the average of
50 control PFU to 25 endpoint PFU. Anti-
body titer differences of more than twofold
are statistically significant (P < 0.05).

Mice protection tests. Two- to four-day-
old litters of randomly bred Swiss—Web-
ster mice were used as described previously
(21). Briefly, the newborn mice were in-
oculated subcutaneously with a LD;5 dose
of HSV suspended in 0.05 ml of medium. At
various times after inoculation, groups of
inoculated and control mice received dif-
ferent amounts of immunoglobulin in 0.05
ml volumes. Sites of injection of immuno-
globulin are specified for each experiment
and were always different from the site of
virus injection. Inoculated mice were ob-
served for two weeks for signs of illness and
for death. He accepted only experiments
where 75—90% mice died in control group.
Results were evaluated by percentage pro-
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tection, which was calculated as

% protection

% mortality of controls
— % mortality of treated

% mortality of controls

The results are presented as percentage
protection. The number of mice that died in
each experiment can be calculated from the
percentage protection, number of mice in
each group, and the percentage mortality in
the control groups.

Results. We first attempted to establish
the relationship between the time of
antibody (immunoglobulin) administration
relative to virus injection and the degree of
protection (Table I). Administration of
antibody (160 units) 1—12 hr after HSV in-
oculation resulted in significant protection
(64 to 80% protection). Injection of anti-
body 24 hr postinoculation showed only
30% protection. Consequently to achieve
maximum protection in subsequent ex-
periments, we administered antibody 1 hr
after virus.

We compared the protective effect of
immune globulin injected in a site of rapid
absorption (intraperitoneal) with injection

TABLE 1. RELATIONSHIP BETWEEN TIME OF
ANTIBODY ADMINISTRATION AND
PERCENTAGE PROTECTION®

Hour of
treatment
Expt after Number Antibody Protection
no. infection of mice (units) (%)
76 1 21 160 64*
112 1 30 160 80*
112 12 31 160 72*
76 24 20 160 30**
112 30 42 160 0
115 36 61 160 0
76 48 19 160 22
115 54 68 160 12
112 60 43 160 0
112 72 43 160 0
115 72 69 160 0
¢ Human immune globulin was injected in-
traperitoneally.
* P < 0.005.

** P < 0.05.
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in a site of slower absorption (subcutane-
ous). No significant difference was ob-
served between intraperitoneal versus sub-
cutaneous administration of antibody
(Table II). About 64 units of human anti-
HSV antibody injected by either route re-
sulted in maximum protection. Since the
two routes of antibody administration gave
equal protection, the results from both
series of experiments were pooled for con-
struction of a cumulative dose—response
curve (Fig. 1). A careful comparison of the
protective titers of rabbit (21) and human
antibodies demonstrated that they were
equally effective (data not shown).
Protection by single and multiple doses of
antibodies are shown in Table III. The total
amount of antibody administered by multi-
ple injections were designed either to equal
the amount administered by single injection
or to double or triple the single injection
amount. The data obtained indicate that the
first dose of antibody is the most crucial for
protection. Furthermore, protection in-
creased with higher initial doses to a
maximum value of up to 90% survival, after
which further increasing the antibody dose
had little further protective effect.
Protection against both types of HSV and
their strains is a requisite for an antibody
preparation to be used to prevent the
human disease. Neutralization of different
antigenic types and strains of HSV by
commercially available human immune

TABLE II. CoMPARISON OF PROTECTION USING
INTRAPERITONEAL AND SUBCUTANEOUS
ADMINISTRATION OF ANTIBODY

Percentage
Number of No. Units of protection
Route mice expts antibody + SD
1P 74 4) 240 61 =20
SQ 18 (1) 240 72
IP 73 3) 160 75 10
SQ 85 3) 160 66 + 16
1P 51 ?) 100 86 + 20
SQ 136 ) 100 68 = 10
IP 48 (¢} 48 79
SQ 53 1) 48 73
IP 107 6) 24 44 + 18
SQ 55 1) 24 52
P 100 3) 12 14 + 13
SQ 162 ) 12 34 +23




Units  Antibody Injected
FiG. 1. Relationship between the quantity of human
antibody administered and percentage protection.
Combined results from Tables II-1V. Vertical lines
indicate standard deviation.

globulin is shown in Table IV. The data in-
dicate that antibodies in human immune
globulin preparations protect mice equally
well against several strains of HSV types I
and II as well as their substrains.

To estimate the feasibility of applying
commercially prepared human immune
globulin to humans, plaque neutralization
titers were determined for 26 batches. The
neutralizing titers were close to each other
and averaged 3.35 * 0.18 log units/ml. As
shown above, 64 units of human anti-HSV
antibodies afforded maximal protection to
1-g newborn mice. Since protection by
antibody is correlated with its concentra-
tion in plasma, and since plasma comprises
approximately the same percentage of body
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weight in mice and humans (25), the same
amount of antibody per gram is needed to
protect a newborn baby. Thus a baby
weighing about 3500 g would need 224,000
units of antibody. The average commercial
immune globulin has 2238 units/ml. There-
fore, approximately 100 ml would be neces-
sary to achieve the protective levels of
antibody in a human newborn. This volume
is not practical for immunoprophylaxis and
preparations of higher titer are needed.
Thus, screening of human donors to iden-
tify those with high titers of HSV antibody
was done. The distribution of antibodies
against HSV type II among donor popula-
tions originating from Galveston County,
Texas, is shown in Fig. 2. The results show
that approximately 6% of the donors had
antibody titers =1000 units/ml and would
be suitable for production of the hyperim-
mune globulin that is estimated to be pro-
tective in human newborns when given in a
volume of 10 ml or less.

Discussion. Administration of sufficient
amounts of human antibodies as immune
globulin protected HSV Il-infected neona-
tal mice against mortality. These results
aie in good agreement with our previous
findings with rabbit anti-HSV antibody
(21). The maximum protection by antibody
averages 70%. This estimation may be too
conservative since there is a 10—20% mor-
tality in our mouse colony among unin-
fected newborn mice. Antibodies prepared

TABLE III. COMPARISON OF PROTECTION WITH SINGLE AND MULTIPLE DOSAGES OF ANTIBODY

Percentage
Number No. Antibody Number of Total protection
of mice expts units/dose doses (daily) antibody + SD
115 (5) 316 u 1 316 73 =18
85 3) 158 u 2 316 66 = 16
92 3) 105 u 3 316 64 =5
44 ?2) 100 u 1 100 74 = 15
43 (N 32u 3 96 54
17 a) 64 u 1 64 90
40 1) 2u 2 64 66
126 3) Ru 1 32 64 +9
91 3) 16u 2 32 40 *x9
19 1) 10u 3 30 10
101 ) 48 u 1 48 76 £ 4
17 (1) 24u 2 48 22
58 ) 16u 3 48 39 + 55




PROTECTION OF NEWBORN MICE FROM HERPES SIMPLEX VIRUS

295

TABLE IV. PROTECTION AGAINST VARIOUS STRAINS OF HERPESVIRUS TYPES I AND II BY HUMAN
IMMUNE GLOBULIN

Percentage protection

Number 16 units of 32 units of 64 units of
Expt no. Virus, strain of mice antibody? antibody antibody
H-133 HVH 11, 75-730 88 62 79 74
H-138 HVH II, 76-532 94 71 85 59
H-135 HVH 1, Greenwood 70 44 91 100
H-117 HVH I, KET 74 77 70 —
H-108 HVH II, MS 110 48 52 82

¢ Antibody titers were determined against HSV II, MS strain.

in mice (2), rabbits, or man seem equally
protective.

The protection by antibodies is strongly
influenced by total dose and time of admin-
istration. Optimum protection of newborn
mice occurred when a minimum of ap-
proximately 64 units were given 1—12 hr
after infection at 24 hr; lower but significant
protection occurred. After 24 hr little or no
protection occurred which is consistent
with previous reports (22, 24). In man the
time available for effective postexposure
prophylaxis may be longer due to the longer
incubation period. A conservative estimate
for the human situation indicates that hy-
perimmune globulin should be available for
treatment within 12 hr after delivery. Such
a putative distribution scheme could readily
be organized for urban areas but would be
more difficult to arrange for rural areas.
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FiG. 2. Distribution of antibody levels to HSV II in
human sera from Galveston County, Texas.

The data obtained from comparison of a
single antibody dose with multiple doses
indicated that the first dose was the most
critical in prevention of HSV-induced
mortality. Also, the intraperitoneal and
subcutaneous routes of antibody adminis-
tration seem indistinguishable for protec-
tion against HSV.

Passive immunization with commercial
human immune globulin did not protect in-
fected infants (14). One explanation is that
the protective levels of plasma antibody are
not provided by ordinary immune globulin.
Our comparison of the titer of neutralizing
antibodies in 26 batches of commercial im-
mune globulin showed almost identical
levels of HSV type II antibodies (3.35 = 0.4
log units/ml). As estimated under Results,
approximately 100 ml of immune globulin
may be required for effective postexposure
prophylaxis of infants. Commercially avail-
able immune globulin, therefore, is not
practical for prophylaxis of herpes neo-
natorum. Alleviation of this problem would
seem to lie in the production of higher
titered preparations of immune globulin.
A survey of the blood donors recruited
from the population of Galveston County,
Texas, showed that approximately 6%
had antibody levels of =1000 U/ml and
would be suitable for production of the hy-
perimmune globulin. Calculations indicate
that enough hyperimmune globulin for each
1000 newborns at risk can be prepared from
500 selected donors. Our experience indi-
cates that the effort involved in selection of
a large number of suitable donors and their
monitoring for repeated bleeding is feasible
even for a single laboratory. Based on ex-
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pected serum antibody levels, such hy-
perimmune globulin should be protective in
human newborns when given in a volume at
or below 10 ml. We believe that 10 ml is a
realistic volume to administer subcutane-
ously in the back since we have injected 30
ml of immune globulin into a 3-pound new-
born without untoward effects.

There are many uncertainties in the ex-
trapolations from the mouse model to man.
To compensate, our estimations have been
made conservatively to underestimate
protection in man. For example, we used a
75% LDs, challenge dose of virus in our
animal model. Data not presented showed
equal protection with a 100% LDs,. In com-
parison, the lethality in human newborns is
only about 35%. Since more antibody is
needed to protect against higher virus
challenge doses, our estimate of the amount
of antibody needed in man is probably high.
The usefulness of this treatment in man
may be partially limited because the new-
born may be infected in utero or postna-
tally. Also perhaps only one-third of in-
fected mothers might have a recognized le-
sion. Improved diagnostic methods may
overcome these partial limitations.

The present delineation of many of the
requirements for protection by passive
antibody indicates that hyperimmune
globulin should be produced and tested in
humans. Prior to studies in man, validating
experiments in subhuman primates are in-
dicated.
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