
EP 0 290 197 B1 Description BACKGROUND OF THE INVENTION 5      Herpes
viruses are a large group of intranuclear, double-stranded DNA viruses that
are remarkably capable of establishing a latent infection many years after
a primary infection. The herpes virus group is responsible for such
diseases as fever blister and keratoconjunctivitis (Herpes simplex virus
type 1), venereal disease (Herpes simplex virus type 1 and 2), chickenpox
(varicella) and shingles (Herpes zoster), cytomegalic inclusion disease
(Cytomegalovirus), Marek's disease of chickens and infectious mononucleo-
10  sis (Epstein-Barr virus). Chickenpox (varicella) is one of the most
common and highly communicable diseases and occurs primarily in childhood.
A rash is observed generally over the entire body together with an attack
of fever which occurs after an incubation period generally running between
14 and 17 days. The disease results in a mucular rash which may, in many
cases, form pustules and, in extreme cases, leave scars. Other problems 15
and complications may arise, for instance, in the case of undernourished
children who may have necrotic dermal ulcer. Other complications such as
central nervous system disturbance, myelitis and neuritis were known to
occur as results from chickenpox. A live varicella vaccine is known. U.S.
Patent 3,985,615, the disclosure of which is incorporated herein by
reference, discloses a process for making a live varicella vaccine which
comprises passaging the 20  varicella virus in a guinea pig primary
embryonic tissue cell at a temperature of from [err] to [err] until the
virus is adequately attenuated. Arbeter et al in Pediatrics, vol 78, no. 4,
part 2, p 742-747, 1986 describe a comparative clinical trial in which 15
to 17 month-old children were inoculated either with a combination live
measles, mumps, rubella, varicella (MMRV) vaccine, or standard live
measles, mumps, rubella vaccine followed six weeks later with 25  live
varicella vaccine (MMR+V). Aqueous solutions of live virus vaccines are
known to be unstable during storage. The conventional technique to reduce
storage instability is to remove moisture by lyophilization. Conventional
wisdom holds that the more moisture that is removed, the higher the storage
stability of the live virus vaccine. Generally, live virus vaccines are
lyophilized to moisture levels of less than about 1%. 30     EP-A-0 030
199, describes a method for lyophilizing a reduced volume aqueous virus
composition which includes adding a phosphate salt. The object of this
method is to remove all the moisture via the unique lyophilization step,
thus providing a shorter and less expensive process. Surprisingly, it has
now been discovered that lyophilizing a live herpes virus vaccine to result
in a moisture content within the range of from 2% to 8% results in
increased storage stability to the live herpes 35  virus vaccine. The
increased storage stability permits the live herpes virus vaccine to be
stored at [err], i.e. in a refrigerator, rather than at [err] , i.e. in a
freezer. SUMMARY OF THE INVENTION 40     The invention comprises a
lyophilized live herpes virus vaccine that comprises from 2% to 8%
moisture. Another aspect of the invention relates to a lyophilized
tetravalent measles, mumps, rubella and varicella vaccine. DETAILED
DESCRIPTION OF THE INVENTION 45 The invention comprises a lyophilized live
herpes virus vaccine that comprises from 2 to 8% moisture. Within the
foregoing range, useful subsets are 2%, from 2% to 5%, and from 5% to 8%.
Surprisingly, such levels of moisture result in increased storage stability
of the live herpes virus vaccine. This enhanced stability permits the
vaccine to be stored at [err], i.e. standard refrigerator conditions while
maintaining 50  stability, rather than at [err], freezer conditions. 



It is believed that the storage stability of any live herpes virus vaccine
can be enhanced. A preferred live herpes virus vaccine is varicella. A live
varicella vaccine can be produced by the technique described in U.S. Patent
3,985,615. The live herpes virus vaccine can then be lyophilized to a
moisture content of from 2% to 8%. Standard 55  lyophilization techniques
can be utilized. However, it has been observed that by utilizing gas
injection, e.g. sterile argon, during the primary cycle of the
lyophilization process that the desired product temperature, which
characterizes the completion of the primary cycle, is obtained in a
compacted time period, e.g. as short as about five hours rather than about
40 hours. 2    EP 0 290 197 B1 Another advantage of the invention is that
the lyophilization time required to achieve the moisture levels of the
invention is much less than the lyophilization time to achieve moisture
levels below 0.5%. This is due to the fact that the secondary cycle of the
lyophilization process controls the resulting moisture content of the live
herpes virus vaccine. To achieve the moisture content of the invention
requires a shorter secondary 5  cycle than to achieve moisture levels below
0.5%. To achieve the preferred moisture content of the invention the
secondary can be carried out for about three to about five hours.
Accordingly, in another aspect of the invention there is a lyophilization
process for a live herpes virus vaccine which comprises a primary cycle
with gas injection and a secondary cycle wherein the time of the primary
cycle plus the secondary cycle is for about 7 hours to about 11 hours. 10
Another aspect of the invention relates to a lyophilized live herpes virus
vaccine which is combined with a measles vaccine, mumps vaccine, rubella
vaccine to form a tetravalent lyophilized vaccine having a moisture content
of from 2% to 8%. Within the foregoing range useful subsets are from 2% to
5%, and from 5% to 8%. The lyophilized tetravalent vaccine comprises at
least about 20, preferably at least about 1,000 [err] units of measles
vaccine, at least about 317, preferably at least about 5,000 [err] units of
15 mumps vaccine, at least about 40, preferably at least about 1,000 [err]
units of rubella vaccine and at least about 53, preferably at least about
1,000 pfu of varicella vaccine per dose. Such tetravalent vaccine is
efficacious against all four viruses; there is little interference. The
following examples illustrate the invention without, however, limiting the
same thereto. 20 EXAMPLE I Approximately 100 vials live virus varicella
vaccine were prepared in accordance with the method outlined in U.S. Patent
3,985,615 and were then frozen using liquid nitrogen. The 100 vials which
were unsealed but covered with a two position rubber stopper, were placed
on a 25 precooled lyophilizer shelf (a Usifroid lyophilizer) with a
starting shelf temperature of [err] . For the primary cycle, the vials were
heated from -45 C to 30 C over an 8 hour period. The shelf temperature
heat-up rate was [err]/hour. The pressure control for the primary cycle was
10-18 Pa (0.10 to 0.18 mbar), which was controlled by injecting dry,
sterile argon. After the primary cycle, gas injection was Shut off and full
vacuum was applied. The secondary cycle was then carried out for 9 hours at
[err], resulting in a final shelf 30  temperature of 30 C. The pressure in
the chamber was raised, with dry, sterile argon, to about  [err] Pa (0.2 to
about 0.27 bars). The vials were then sealed with the rubber stopper
covering each vial and the chamber pressure was now brought to atmospheric
pressure with dry sterile argon. The chamber was then opened, the vials
removed and each vial capped with an aluminum seal. 35     The moisture
content of the final product, which was determined by the Dupont Aqua
Test[err], was 



2.2%. This was Batch I. The above procedure was repeated for a second batch
(BATCH II), but during the primary cycle the shelf temperature heat-up rate
was [err]/hour for 3.5 hours, the pressure control was 45-50 Pa (0.45 to
0.5 mbar) and the secondary cycle was for four hours. The moisture content
for this batch was 7.7%. This 40  same procedure was repeated for a third
batch (BATCH III), and the resulting moisture content was 6.4%. For these
studies, the three batches were compared to a control which was prepared by
conventional lyophilization where the primary cycle was 40 hours and the
secondary cycle was 8 hours; the total cycle time was approximately 56
hours. The primary drying was performed at [err] for 40 hours at 0.13 Pa
(1.3 x [err]mbar); the secondary cycle was held at +26 C. The time interval
between the primary and 45 secondary cycle was about 8 hours with a
[err]/hour rise in temperature during that time. The moisture content for
this batch was 0.6%. The batches were stored at [err]. The storage
stability of the live virus varicella vaccine was determined by the number
of plague forming units (PFU) as determined by the plague assay. 50 55 3
EP 0 290 197 B1 The estimated half-life is presented in the following
table: Estimate Half-Life at 2-8C for Air Injection Lots of Varicella Virus
Vaccine Percent        Estimated Half-Life 10     Lot
Lyophilization          Moisture               (Months) BATCH I
GI                 2.2%                   4.6 BATCH II                  GI
7.7%                   5.8 BATCH III                 GI
6.4%                   6.4 CONTROL
0.6%                   1.6 20 GI = gas injection lyophilization, control =
48-hour cycle, no gas injection. 25 Thus, one can see that over time that
higher moisture lots are more stable than lower moisture control lots.
EXAMPLE II 30 Preparation of Combined MMRV Vaccine Frozen samples of
Measles, Mumps, Rubella and Varicella vaccines were thawed in a warm water
bath (30 C). 35 Measles Component: 100 ml of Measles Vaccine, Edmondston,
More Attenuated Strain with an infectivity titer of 4.95 [err] [err]/0.1 ml
was used. 40 Mumps Component: 



500 ml of Mumps Vaccine, Jerryl Lynn Strain (Patent No. 3,555,149) with an
infectivity titer of 5.4 [err] [err]/0.1 ml was used. 45 Rubella Component:
100 ml of Rubella Vaccine; RA 27/3 Strain Wistar, with an infectivity titer
of 4.65 [err] [err]/0.1 ml was used. 50 Varicella Component: 150 ml of
Varicella Vaccine, Oka Strain, with an infectivity titer of 320,000 PFU/ml.
After thawing, the components were pooled in a sterile 4L bottle. To the
850 ml virus pool were added 55 the following diluents: 50 ml - Minimum
Essential Medium 0.0565%, Sorbitol 4.291%, Gelatin 4.985%, Sodium
Bicarbonate 0.354%, Albumin 2.4%. 525 ml - Modified Gelatin, Medium 0,
Sorbitol Diluent containing: Medium 199 6.82%, Sorbitol 3.9725%; 4    EP 0
290 197 B1 Gelatin 3.9725%, Sodium Bicarbonate, 0.225%. 225 ml - 1 Molar
Phosphate Buffer Solution (Dibasic Potassium Phosphate 5.72%; Monobasic
Potassium Phosphate 8.239%). 1350 ml - SPGA/(Sucrose 7.46%; Dibasic
Potassium Phosphate 0.135%, Monobasic Potassium Phosphate 5  0.045%,
Monosodium Glutamate 0.0956%, Albumin 10%). The mixture of virus and
diluents was mixed by swirling at room temperature. The mixture was then
held at [err] in an ice bath for filling and lyophilization. The combined
MMRV vaccine was filled in 0.7 ml units into glass vials. The filled vials
were frozen by liquid nitrogen and lyophilized to approximately 1%
moisture. After lyophilization the vials were stoppered 10 and sealed with
aluminum seals, and stored at [err] . Lyophilized samples were submitted
for infectivity assay according to standard assay procedures. Final assay
results: Measles = 3.3 [err] [err]/0.1 ml = 2,000 [err]/0.1 ml, Mumps = 4.2
[err] [err]/0.1 ml  16,000 TCIDso/0.1 ml 15     Rubella = 3.1 [err]
[err]/0.1 ml = 16,000 [err]/0.1 ml Varicella = 5170 PFU/ml. EXAMPLE III 20
Approximately 50 vials of MMRV vaccine was prepared as described in Example
II, but were lyophilized as follows: The vials which were unsealed but
covered with a two position, rubber stopper, were placed on a precooled
lyophilizer shelf (a Usifroid lyophilizer) with a starting shelf
temperature of -45 * C. For the primary cycle and secondary cycle as well
as all other parameters, the lyophilizer was run using conditions similar
25 to those described for BATCH II and III of the Varicella virus alone;
i.e. Example I, which is denoted BATCH IV. When the vials were tested for
potency for measles, mumps, rubella and varicella, it was clear that gas
injection samples had potency similar to those samples that were
lyophilized without gas injection (i.e. lower moisture). See Example II. 



30     The results were as follows: MMRV Potency Assay on Gas-Injection
Vaccine. 35 Varicella      Mumps            Rubella         Measles BATCH
(PFU/ml)     ([ERR]/0.1ml)       ([err]/0.1ml)    ([err]/0.1ml)   Moisture
BATCH IV          4.89           3.9               3.2             3.4
3.36 40 Claims 45  1. A gas injected lyophilized live herpes virus vaccine
which comprises from 2% to 8% moisture. 2. The lyophilized live herpes
virus vaccine of Claim 1 wherein said moisture content is 2%. 3. The
lyophilized live herpes virus vaccine of Claim 1 wherein said moisture
content is from 2% to 5%. 50 4. The lyophilized live herpes virus vaccine
of Claim 1 wherein said moisture content is from 5% to 8%. 5. The
lyophilized live herpes virus vaccine of Claim 1 wherein said herpes virus
is varicella. 55  6. A lyophilized live herpes virus vaccine which is
combined with a measles vaccine, mumps vaccine, rubella vaccine to form a
tetravalent lyophilized vaccine having a moisture content of from 2% to 8%
wherein each of said vaccines is present in an amount that is effective to
immunize a recipient against each of said viruses. 5    Gelatin 3.9725%,
Sodium Bicarbonate, 0.225%. 225 ml - 1 Molar Phosphate Buffer Solution
(Dibasic Potassium Phosphate 5.72%; Monobasic Potassium Phosphate 8.239%).
1350 ml - SPGA/(Sucrose 7.46%; Dibasic Potassium Phosphate 0.135%,
Monobasic Potassium Phosphate 5  0.045%, Monosodium Glutamate 0.0956%,
Albumin 10%). The mixture of virus and diluents was mixed by swirling at
room temperature. The mixture was then held at [err]  in an ice bath for
filling and lyophilization. The combined MMRV vaccine was filled in 0.7 ml
units into glass vials. The filled vials were frozen by liquid nitrogen and
lyophilized to approximately 1% moisture. After lyophilization the vials
were stoppered 10 and sealed with aluminum seals, and stored at [err].
Lyophilized samples were submitted for infectivity assay according to
standard assay procedures. Final assay results: Measles = 3.3 [err]
[err]/0.1 ml = 2,000 TCIDso/0.1 ml, Mumps = 4.2 [err] [err]/0.1 ml = 16,000
[err]/0.1 ml 15     Rubella = 3.1 [err] [err]/0.1 ml = 16,000 [err]/0.1 ml
Varicella = 5170 PFU/ml. EXAMPLE III 20     Approximately 50 vials of MMRV
vaccine was prepared as described in Example II, but were lyophilized as
follows: The vials which were unsealed but covered with a two position,
rubber stopper, were placed on a precooled lyophilizer shelf (a Usifroid
lyophilizer) with a starting shelf temperature of [err] . For the primary
cycle and secondary cycle as well as all other parameters, the lyophilizer
was run using conditions similar 25 to those described for BATCH II and III
of the Varicella virus alone; i.e. Example I, which is denoted BATCH IV. 



When the vials were tested for potency for measles, mumps, rubella and
varicella, it was clear that gas injection samples had potency similar to
those samples that were lyophilized without gas injection (i.e. lower
moisture). See Example II. 30     The results were as follows: MMRV Potency
Assay  on Gas-Injection  Vaccine. 35 Varicella      Mumps           Rubella
Measles BATCH       (PFUm/ml)      ([err]/0.1ml)    ([err]/0.1ml)
([err]/0.1ml)   Moisture BATCH IV         4.89           3.9
3.2             3.4          3.36 40 Claims 45  1. A gas injected
lyophilized live herpes virus vaccine which comprises from 2% to 8%
moisture. 2. The lyophilized live herpes virus vaccine of Claim 1 wherein
said moisture content is 2%. 3. The lyophilized live herpes virus vaccine
of Claim 1 wherein said moisture content is from 2% to 5%. 50 4. The
lyophilized live herpes virus vaccine of Claim 1 wherein said moisture
content is from 5% to 8%. 5. The lyophilized live herpes virus vaccine of
Claim 1 wherein said herpes virus is varicella. 55  6. A lyophilized live
herpes virus vaccine which is combined with a measles vaccine, mumps
vaccine, rubella vaccine to form a tetravalent lyophilized vaccine having a
moisture content of from 2% to 8% wherein each of said vaccines is present
in an amount that is effective to immunize a recipient against each of said
viruses. 5    EP 0 290 197 B1 7. The vaccine of Claim 6 wherein the
lyophilized vaccine comprises 2% moisture. 8. The vaccine of Claim 6
wherein the lyophilized vaccine comprises from 2% to 5% moisture. 5  9. The
vaccine of Claim 6 wherein the lyophilized vaccine comprises from 5% to 8%
moisture. PatentansprUche 1. Gas-injizierter Iyophilisierter lmpfstoff aus
lebendem Herpesvirus, welcher 2 % bis 8 % Feuchtigkeit 10     umfaBt. 2.
Lyophilisierter Impfstoff aus lebendem Herpesvirus nach Anspruch 1, bei dem
der genannte Feuchtig- keitsgehalt 2 % betragt. 15  3. Lyophilisierter
Impfstoff aus lebendem Herpesvirus nach Anspruch 1, bei dem der genannte
Feuchtig- keitsgehalt 2 % bis 5 % betragt. 4. Lyophilisierter Impfstoff aus
lebendem Herpesvirus nach Anspruch 1, bei dem der genannte Feuchtig-
keitsgehalt 5 % bis 8 % betrdgt. 20 5. Lyophilisierter Impfstoff aus
lebendem Herpesvirus nach Anspruch 1, bei dem der genannte Herpesvi- rus
Varicella ist. 6. Lyophilisierter Impfstoff aus lebendem Herpesvirus, der
mit einem Impfstoff gegen Masern, einem 25     Impfstoff gegen Mumps, einem
Impfstoff gegen Roteln kombiniert ist, um einen tetravalenten Iyophili-
sierten Impfstoff zu bilden, der einen Feuchtigkeitsgehalt von 3 % bis 8 %
aufweist, bei dem die genannten Impfstoffe jeweils in einer Menge vorhanden
sind, die wirksam ist zur Immunisierung eines Empfangers gegen jeden der
genannten Viren. 



30  7. Impfstoff nach Anspruch 6, bei dem der Iyophilisierte Impfstoff 2 %
Feuchtigkeit umfaBt. 8. Impfstoff nach Anspruch 6, bei dem der
Iyophilisierte Impfstoff 2 % bis 5 % Feuchtigkeit umfalt. 9. Impfstoff nach
Anspruch 6, bei dem der Iyophilisierte Impfstoff 5 % bis 8 % Feuchtigkeit
umfast. 35 Revendications 1. Vaccin a base de virus d'herpes vivants,
Iyophilis6 a injection de gaz, comprenant de 2% A 8% d'humidit6. 40 2.
Vaccin a base de virus d'herpes vivants Iyophilis6 de la revendication 1
dans lequel la teneur en humidit6 est de 2%. 3. Vaccin a base de virus
d'herpbs vivants Iyophilis6 de la revendication 1, dans lequel la teneur en
45     humidit6 est comprise entre 2% et 5%. 4. Vaccin a base de virus
d'herpbs vivants lyophilis6 de la revendication 1 dans lequel la teneur en
humidite est comprise entre 5% et 8%. 5o  5. Vaccin a base de virus
d'herpes vivants Iyophilis6 de la revendication 1 dans lequel le virus
d'herpes est celui de la varicelle. 6. Vaccin a base de virus d'herpes
vivants lyophilise, combin6 avec un vaccin contre la rougeole, un vaccin
contre les oreillons, un vaccin contre la rub~ole, pour former un vaccin
t6travalent Iyophilise 55     ayant une teneur en humidit6 de 2% a 8% dans
lequel chacun desdits vaccins est pr6sent en une quantit6 qui est efficace
pour immuniser une personne r6ceptrice contre chacun desdits virus. 7.
Vaccin de la revendication 6 dans lequel le vaccin Iyophilis6 comprend 2%
d'humidit6. 6    EP 0 290 197 B1             ;       ! 1|1|||  |||||  1||1|
|- ||| -. Van d* Ca revendicaton 6 dans equelle   in    comprnd do2% L  M5
* . Vaccin de la revendication 6 dans lequel le vaccin Iyophilisd comprend
de 2% a 5% d'humidit6. 9. Vaccin de la reven5ication 6 cans lequel le
vaccin Iyophilise comprend de 5% a 8% d'humidit6. 10 10 15 20 25 30 35 40
45 50 55 7    


