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Vaccine Supply in Brazil
9-20 May, 1994
EXECUTIVE SUMMARY

On invitation of the Ministry of Health of Brazil, a team representing the Task
Force on Situation Analysis of the Children’s Vaccine Initiative and PAHO/SIREVA,
fielded by the World Health Organization, visited Brazil. The purpose of the visit was to
inventory the national strategies in effect for vaccine supply, including activities to
develop and introduce new and improved vaccines into the national immunization
programme, and, where indicated, to make suggestions for activities which might
strengthen these strategies. Particular attention was paid to activities in vaccine demand
forecasting, vaccine procurement activities, local production and quality control of
vaccines, the financing of investinents in construction of new plants and the econormics
of vaccine production activities. The assessment concentrated on measles, oral polio,
DTP and its components, and BCG vaccines, with some attention to hepatitis B and
yellow fever vaccines. The team visited five production facilities (Instituto Butantan,
Instituto de Tecnologia do Parana, Fundagao Ataulpho de Paiva, Instituto Vital Brazil,
and Bio-Manguinhos in the Fundagao Oswaldo Cruz), the Instituto Nacional de Controle
de Qualidade em Satide (INCQS), and the central vaccine storage and distribution
center, CENADI, and met with the Deputy Minister of Health and senior staff of the
Ministry of Health dealing with vaccine self-sufficiency, vaccine licensing and control,
and immunization programmes. This report documents their observations. It should be
read and understood as a whole.

Because of a successful immunization programme and its enormous population,
Brazilian health authorities have understood the strategic importance of investing in local
vaccine production. Thus, well before most other countries in the world, Brazil
established a programme for self-sufficiency in vaccine supply of essential vaccines for
national immunization through local production in 1985. Almost a decade of trnportant
investment in production and control facilities has paid dividends in a national
production capacity which when completed will not only meet national demand, but will
make available an excess capacity for production of these vaccines. Because of some
research and development activities, the laboratories will also likely have capacity to
incorporate new vaccines into production, National quality control activities have been
strengthened as well, through an internationally recognized national control laboratory,
the INCQS. Production facilities are actively developing quality assurance procedures to
improve compliance with Good Manufacturing Practice.

Despite this stunning progress there are areas where efforts are now needed to
assure that the necessary foundations for supply of future vaccines will be well laid. For
example, several of the production units have not developed management systems which
allow the production facility to be efficiently and consistently run. This can lead to
increased costs and a poor quality vaccine. Furthermore, it does not allow for a
sustainable operation which continually requires reinvestment of profits in upgrading
facilities and processes.

The system for national control, while fairly strong in testing of vaccine final
products, needs strengthening in such areas as inspections and postmarketing
surveillance. Vaccine research and development programmes have not always been




evaluated in the light of epidemiologic necessity, technical feasibility, and economic
impact.

Planning for vaccine needs is done at the central level by the Programa Nacional
de Imunizagoes (PNI), based on demand requests from the states, the target population,
the immunization schedule, vaccine presentation, and percentage of wastage in the field.
These numbers are reviewed several times a year. Despite the planning, the number of
doses of vaccine distributed is much higher than the number administrated. There is at
present no ability to account for vaccine usage at the central level,

Based on vaccine needs, the Programa de Auto-Suficiéncia Nacional em
Imunobiold gicos (PASNI) meets with local manufacturers to determine what proportion
of the demand can be met locally, and tenders on the international market for the rest.
To assure the quality of the vaccine provided, all vaccines proposed for use in the PNI
are tested at INCQS.

The system of national quality control for biologicals is coordinated through the
National Office of Sanitary Surveillance (SVS), which has the responsibility for vaccine
licensing and inspections. Decisions are made by the SVS on the basis of advice
provided to it by the INCQS. At present, few of the vaccines used in PNI are licensed.
Although all vaccines are subjected to lot release and final product testing, little clinical
evaluation of vaccine performance is done, nor is there a systernatic system of
inspections and postmarketing surveillance to guide regulatory decisions. Many specified
final product tests are not able to be done by INCQS because of financial constraints
and there are rarely efforts to assure the process of production, either by INCQS or by
internal quality control staff.

National vaccine supply needs are projected to be met for all standard vaccines
(measles, OPV, DTP, TT, BCG) and for yellow fever vaccine by 1995-1996. Local
manufacturers are projected to provide for 1994 100% of TT needs, 100% of BCG .(two
producers each), 60% of measles needs, 18% of OPV (through imported and repackaged
bulk), and 17% of DTP (one producer ¢ach). The installed capacities for measles and
OFV production are sufficient to meet demand provided more filling and freeze-drying
capacity is available at Bio-Manguinhos. Two new facilities to produce DTP are
projected to be in operation by the end of 1995 to meet all national needs, and, if well-
organized, will exceed Brazilian demand for these vaccines. The excess production
capacity will require further planning to fully utilize the expensive technology.
Possibilities include the incorporation of product into new combination vaccines and
production for export. Partnerships for shared production between Brazilian laboratories
or with external manufacturers could lead to better rationalization of production.

The quality of the vaccines being produced still remains to be documented by a
system of quality control and quality assurance. New or upgraded facilities are available
in several of the manufacturing institutions, but concepts of Good Manufacturing
Practice were, paradoxically, being more consistently applied in the older facilities. A
review of in-process and final product testing shows that several tests specified by WHO
are not being done, while others are being performed to a different standard. Yellow
fever vaccine produced in Brazil, however, has been recommended for inclusion on the




list of products approved by WHO.

The recommendations of the team to address these observations are offered
below. Within the body of the report, which contains detailed data amassed by the team,
are specific recommendations in the areas of management, production, and quality
conirol.

Recommendations

1. To meet its goals, the Programa de Auto-Sufici€éncia Nacional em
Imunobiold gicos needs more support in terms of well-qualified staff.

The Programme has made excellent progress in investing to improve vaccine
supply in Brazil. However, to allow incorporation of new vaccine technology, to
enhance technical capacity in vaccine production and quality control, and to
follow-up on implementation of activities already in progress, more staff
experience in vaccinology is critical. Technological development must be
implemented to make possible the incorporation of new vaccines and new
vaccine combinations info immunization programumes,

2. Production facilities must be better managed and cost-efficient.

Management should have the flexibility to operate the public facilities under
market-like conditions, which includes the freedom to attract or lay-off staff and
to procure goods. In addition, management should have the necessary tools to run
the production facilities as efficiently as an industrial organization. A powerful
stimulus to performance is to reward employees on the basis of results to
gpecified job descriptions and responsibilities. Another management tool is cost-
accounting, which aims 1o collect data on the components of the cost of
production and to determine the total and per-umt cost of the vaccines.
Consideration could be given to having the Programa de Auto-Suficiéncia
Nacional em Imunobioldgicos coordinate training and tonitoring to enhance the
management and cost-accounting capabilities in all facilities,

3. Vaccine producers should work with central and state governments to provide
better pricing, financing, and expenditure data.

Pricing, current financing and capital expenditure policies for vaccine production
facilities must be rationalized and made more transparent so that both central and
state governments can make informed and optimal decisions on future
investments in vaccine production. Now each of the facilities gets funded
differently from two levels of government. Ideally, the federal and state
governments should work together in developing a uniform price system that
reflects the full cost of producing the vaccines and a reasonable margin for the
continuity of the facilities. This new price setting system would then have to
replace the present diverse "double funding’ policies.

4, New investments in vaccine production musi be also based on systematic
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economic analysis.

Brazil’s federal government has invested $42.5 million in vaccine production
facilities during the 1990-1993 period. Little economic appraisal work seems to
have been undertaken for these investments. More systematic economic cost-
benefit analysis is recommended to help narrow the range of alternative project
specifications to the ones that contribute most efficiently to Brazil’s public health
development targets, especially regarding development of new vaccines. Such
studies will allow identification of problematic areas which require technological
mput to reduce production costs. In addition, better project implementation
schedules could be prepared including the timing for project preparation, testing
of equipment, implementation of start-up and early operation until normal levels
of capacity utilization are reached.

A strengthened national vaccine quality control system is needed.

To adequately assure the safety, potency, and efficacy of locally produced
vaccines, a systermn must exist winch will allow decision making on vaccine
requirements, licensing, clinical efficacy, production processes, lot release, and
vaccine safety in the field. If this 15 to be achieved using the present structure
involving the National Office of Sanitary Surveillance and INCQS, both will
need to be supported with more resources, both human and financial. One
activity of this structure should be the adoption of national requirements and the
development of a pharmacopeia for testing of these vaccines to assure a level of
safety, potency, and efficacy specified by WHO requirements. Another should be
the coordination and analysis of information related to reports of adverse events
following immunization which could be due to characteristics of the vaccine, To
improve the quality assurance of vaccines produced in Brazil it is essential that
conformily to the requirements of WHO and other international bodies for in-
process tests as well as those on final product should be verified by INCQS.
GMP inspections ‘would provide an opportunity that INCQS could use to improve
the quality assurance and possibly the performance of manufacturing and
associated quality control laboratories. It is essential to enforce INCQS’s legal
mandate to be involved in GMP inspections and other related activities of the
manufacturers to assure the quality of vaccines and not rely only on final product
quality control. It is also essential to train properly the INCQS staff to perform
these functions.

All vaccines for public use must be registered.

Whether imported or nationally produced, all vaccines for public use, and
especially those used in the PNI, should be subject to registration with the
National Control Authority. Once registered, all planned changes from the
approved manufacturing process for any licensed vaccine must be reported to the
National Control Authority.

Staffing in vaccine and immunization programmes must be stable to political
changes.

iv
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The high turnover in critical staff positions related to the functions for vaccine
self-sufficiency and the natiopal immunization programme is hampering
continuity in achieving the goals of these programmes. These staff positions
should not be filled based on political considerations, but only on highest
technical ability, and should be stable to changes in government.

Better information on vaceine utilization patterns is essential.

Efforts to increase access to routine immunization have led to high levels of
vaccine wastage in the field. PNI is appropriately adjusting vaccine presentation
to address this. However, wastage is still higher than would be expected. Priority
should be given to establishing an information system which would allow PNI to
better monitor and analyze better patterns of vaccine utilization.

Recommendations specific to the individual production facilities are given in the
text. The following general recommendations related to these facilities are made,

a.

Pertussis strains should be chosen based on epidemiclogy and technical
considerations.

The strains of pertussis best suited to use in Brazil should be chosen
through the PNI Technical Advisory Group, on advice from an Ad Hoc
Committee representing the appropriate production laboratories and
epidemiologists, and should be based on the production characteristics of
these strains and an assessment of the pertussis strains circulating in
Brazil.

All equipment and processes must be validated.

Consistent successful production of immunobiologicals of good quality is
dependent upon thorough validation of all equipment, installation, and
production processes. It is recommended that INCQS arrange GMP
traimng courses on the principles and practices of validation which should
be attended by senior production and quality control/quality assurance
staff of all vaccine production institutions in Brazil.

DTP production must be rationalized and producers must coordinate
planning.

Since the four laboratories involved with DTP vaccine are producing
vaccine for PNI, it would be highly desirable to combine the best of the
methodologies and processes of production and quality control in each of
the laboratories to attain the best and most uniform quality of vaccines.
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INTRODUCTION

In response to critical issues of vaccine supply for natiopal immunization
programmes, specifically to ensure that tetanus toxoids and other locally produced
vaccines are of acceptable quality and to assure adequate affordable quantities of oral
poliovaccine for the polio eradication initiative, the Task Force on Situation Analysis of
Vaccine Supply of the Children’s Vaccine Initiative (CVI) was formed. The CVI is a
partnership of public and private organizations, including the World Health Organization
(WHO), which is its executing body, working together to make available to all the
world’s children high quality multicomponent vaccines at an affordable price. One of the
major implementing organizations of the CVI goals is SIREVA (Sistema Regional para
el desarollo de Vacunas en America Latina vy el Caribe), an initiative in the Americas
coordinated by the Pan American Health Organization, which seeks to increase
collaboration among the countries of the Region to promote vaccine research and
development, production and quality control.

The strategies of the Task Force to address vaccine supply include assessment
missions to 14 priority countries to examine forecasting of vaccine needs and
procurement and local production of vaccines to meet these needs, and activities in
quality control of vaccines, and to assure that these countries have national vaccine
supply plans. The team thus visited Brazil as one of the priority countries. Because of its
pre-eminent role in vaccine supply in this Region, SIREVA was asked to participate in
this effort. This report seeks to present the current situation in Brazil and reflect the
components of a national vaccine supply plan. Parts of the report should not be taken
out of context: the report should be read and understood as a whole. The members of
the team are listed in Annex I. The names of over 200 working with the team in Brazil
are included in Annex 2; it is not possible to mention all the names of people we met,
although the assistance of all was appreciated. The schedule of activities is given in
Annex 3. The terms of reference for the team visit are given in Annex 4. For the
purposes of this report unless otherwise noted, assessment of vaccine production
facilities was limited to OPV, measles, DTP and components thereof, and BCG for
intradermal use. Supply issues for hepatitis B and vellow fever vaccines were also
considered. Brazil is self-sufficient in production of yellow fever vaccines, but the
production and control of this vaccine was recently assessed by a team from WHO, and
thus it was not a subject for the present mission.

GEOGRAPHY AND DEMOGRAPHICS

Brazil is the fifth largest country in the world. The country’s surface areas covers
8,500,000 square kilometers, stretching from the equatorial Amazonas to Rio Grande do
Sul, Winters in the southern states are cold but to the north of Sao Paulo State the
weather is mild to tropical throughout the year.

The population of Brazil is 151.4 million according to the 1991 census,' a figure
lower than that projected by the 1980 census, due to a population growth rate of 1.9%

' World Bank, World Development Reporr, Oxford University Press, 1993




from 1985-1991, compared to 2.2% from 1980-85.7 The population, which is about
76% urban,’' is expected to rise to 172 million by the year 2000.

Population under one year of age is 3.35 million, with new births at about 3.8
million and in the one to four years age group, 13.96 million. The infant mortality rate
is 58/1000, varying among the different states from 35 to 92, and the neonatal mortality
is 25/1000. While 87% of the population is estimated to have access to safe water, child
malnutrition affects 12.7% of children under five.> The life expectancy at birth is 66
years, and the adult literacy rate about 20%.

The GNP/capita was $2940 in 1991,' which classifies Brazil as an upper-middle-
income country. While from 1965-1980, the country exhibited one of the highest growth
rates in the world, inflation rates of over 300% per year in the 1980s to the present have
led to extremely high real interest rates that have hampered economic activity.?

IMMUNIZATION INFRASTRUCTURE

The Programa Nacional de Imunizagoes (PNI) was established in the National
Secretariat of Basic Actions of the Ministry of Health in 1973, following the successful
eradication of smallpox from Brazil. The leadership of this programme was transferred
in 1990 to the Fundagao Nacional de Safde (FNS) as part of the Departamento de
Operagoes (DEOPE), under the Coordenagao de Imunizagoes e Auto-Suficiéncia em

Imunobiold gicos (CIAI. The organogram of the Ministry of Health is given as Annex 5.

CIAI has two major technical agencies: Auto-Suficiéncia (PASNI) and PNI, as well as
CENADI, which is the major vaccine storage and distribution center. The activities of
CIAI are further described below.

The PNI performs activities designed to increase access to immunizations which
are obligatory in Brazil, provides technical and financial assistance to the health
departments of the individual states in implementing immunization programmes,
establishes basic standards for immunization activities, supervises the execution of these
activities, and provides information on the status of immunization. The priorities of PNI
are the eradication of poliomyelitis, the elimination of measles and neonatal tetanus, the
reduction of serious forms of tuberculosis, and the control of diphtheria, pertussis,
tetanus, and of hepatitis B and yellow fever in endemic areas. In reaching these goals,
PNI is guided by a Technical Advisory Committee, created in June of 1991 and
constituted in May of 1992. This committee, made up of scientific and technical experts
involved with vaccination, recommends immunization policy and establishes criteria for
the programme.

The calendar of immumization for the routine system of immunizations is given
in Table 1.

* World Bank, Trends in Developing Economies, "Brazil", 1993
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Table 1. Immunization Calendar in Brazil

CAge i Vaccines -
Birth BCG
2 months OPV, DTP
4 months OPV, DTP
6 months OPV, DTP
9 months measles
15 months QPV, DTP
6 years o BCG
10-11 years (and every 10 years | Td
Ethereafter) _ ___

Routine immunization coverage figures for children under one year of age for the
period 1980-1993 are given in Figure 1. In recent years, coverage of BCG and measles
vaccines has reached high levels, indicating high access to immunization services. Much
of the demand has been generated through National Immunization Days which are held
twice each year. During these days, OPV is given to all children under five vears of age,
regardless of immunization status, and since 1990 other antigens are also administered
as needed. In addition, in 1992 Brazil held a nationwide measles immunization
campaign, through which measles vaccine was administered to all children under 14
years of age, reaching 48 million children and 96% of the population between the ages
of nine months and 14 years. Coverage for OPV given in Figure 1 appears low when
figures accumulated in the routine system are used. However, OPV coverage is in reality
much higher, since data on OPV administered in National Immunization Days are not
included in Figure 1. These campaigns, initiated in 1980, reach over 90% and generally
at least 93% of the target population, and have been instrumental in reducing polio cases
to zero, especially after a type 3 outbreak in 1983-86 prompted the reformulation of
OPV to double the initial concentration of type 3 (see Figure 2). The Jast wild polio
virus isolate in Brazil was in 1989,

Figure 1 does not include ummunization coverage for tetanus toxoid in women of
child-bearing age. This figure is not high, however, Brazil is using since 1991 a strategy
of acceleration of immunization activities in high-risk areas, and will be concentrating
on tetanus toxoid immunization activities in 40 municipios where most of the cases of
neonatal tetanus are clustered. Also not included in Figure 1 are coverage figures for
yellow fever and hepatitis B vaccines: these vaccines are being used in special
populations in endemic areas of the country, Rabies and meningitis vaccines are also
being administered in special circumstances.

In 1992, the PNI instituted a system to monitor and control adverse events
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Figure 1. Routine immunization coverage in Brazil, 1980-1993 (data for 1993 are projected)

following immunization. A reporting form has been designed, and a procedure for
dealing with reported cases developed. The data received at the central level are
consolidated and analyzed. This effort has been coordinated with the establishment of
special Reference Centers for immunizing children who have suffered serious reactions
to a previous dose of a specific vaccine or who are immunodeficient, or groups at
special risk. These Centers administer nonroutine vaccinations, investigate reports of
adverse reactions, and provide training in immunizations. Among the vaccines
administered at these centers are pneumococcal vaccines, rabies vaccine produced in
human diploid cells, Hemophilus influenzae B vaccines, inactivated polio vaccine, and
immunoglobuling against rabies, hepatitis B, varicella zoster, and tetanus.

The basic operational goal of PNI is to immumize 100% of children under one
year of age. Despite impressive progress in disease control (see Figure 2) and high
(>90%) access to the target population during national campaigns, the routine system is
not reaching this target. There 15 thus hesitation to consider stopping of national
campaigns now that wild poliovirus transmission is apparently interrupted without a
concomitant strengthening of the routine immunization system. The national campaigns
are the subject of much positive publicity and social mobilization. Another factor in
their increased coverage is that vaccination is performed from 150,000 posts during the
campaigns, compared to 20,000 for routine immunization. Strengthening the
infrastructure of the routine immunization systern is a priority for the PNI.




EPIDEMIOLOGIC ASSESSMENT

The major causes of death among children are perinatal complications, intestinal
infections, and pneumonia. Other major cases of death in this age group are related to
septicemia or malnutrition. Vaccine preventable diseases are responsible for a mortality
of 4/10,000, or 0.5% of the deaths in this group.

Disease surveillance has been extensively developed related to the polio
eradication initiative, and the first steps for certification of eradication of poliomyelitis
have been taken. Since the 1992 campaign, measles incidence has declined greatly.
Figure 2 shows reported disease incidence for polio and measles.
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Figure 2. Reported cases of polio and measles in Brazil, 1979-1992

VACCINE DEMAND
The PNI calculates the demand of vaccine considering the following factors:

= number of doses in schedule (three plus one booster for OPV, three plus one booster
for DTP, two doses of measles for those under one year of age, and one dose for the
age group one to four years of age, one dose of BCG)

» the vaccine presentation

+ the period of vaklidity

» the amount of time the open vial can be stored

» the population in the target group, which includes children under one year of age, plus
the percentage of the population one to four years of age which may be incompletely
vaccinated

= wastage rates as given in Table 2.




Table 2. Wastage Rates Used in Brazil

. Vaccine | Presentation-

DTP 10 dose 20%

OPV routine 30%
campaign 40%

BCG 20 dose 40%
50 dose (campaign) 60%

measles single dose 0%
5 dose 10%
10 or 20 dose 40%

TT single dose 0%
5 dose 10%
20 dose 40% L

PNI policy for storage of open vials allows vials of DTP and TT to be kept for
seven days, and OPV to be kept for 48 hours, recently reduced from seven days.
Measles and BCG must be discarded after six hours.

Using the figures and assumptions above, it is possible to calculate vaccine
demand. For example, DTP vaccine demand, with 3.35 million population in the target
group, a four dose schedule, and a wastage of 20% would be 16.75 million doses (3.35
X 4 X 1.25). But DTP coverage for the past four years (1990-1993) averaged about
68%, and the population of the one to four age group is 13.96 million. To "catch up"
missed immunizations, PNI plans to immunize those unimmunized children in this age
group. Giving one more dose to the unimmunized portion with 20% wastage gives an
additional 5.58 million doses, for a total of 22.33 million doses, and giving two mores
doses gives a total of 27.91 mullion doses. The projected demand for 1995, however, is
over 30 million doses, and in 1993, 30.7 million doses were distributed to the states.
Annex 6 gives the projected vaccine demand for 1995-2004 in Brazil.

These calculations are based on fairly low rates of wastage, which might be
expected given the national policy of conserving and reusing open vials, and of choosing
smaller vial sizes to meet expected session size. However, a look at comparisons
between doses distributed and doses administered shows unexpectedly high wastage. For
example, in 1992, 16.31 million doses of DTP were distributed, and 3.33 million doses
were administered, for a wastage of 78%; for BCG, 15.12 million doses were
distributed, and 4.12 million doses administered, a wastage of 73%.

At least some of this wastage can be attributed to PNI efforts to increase




coverage in rural and hard to access areas. There are 20,000 immunization posts which
immunize every day. Assuming a population of 3.35 million under one year of age,
sessions 250 days per year, and a one dose schedule for BCG vaccine, one could
calculate an average number of "customers" per session for BCG of 0.67. Thus one vial
would be opened each session even if only one child came, although there would be
many sessions to which probably no child would come. An estimate of the number of
doses of BCG needed in 20 dose vials would then be 20 X 250 X 20,000 = 100 miilion,
if at least one vial were opened at every session. Similarly, for DTP, the estimate would
be 0.67 X 3 or about 2 "customers" per session (with a three dose schedule), again
necessitating one vial opened per session, and 50 million doses needed if DTP were
provided in 10 dose vials and at least one vial were opened at every session. These
figures could account for high wastage.

For calculating demand of hepatitis B, yellow fever, and tetanus toxoid (or Td),
which are targeted for accelerated use in high-risk populations, the planning must reflect
the strategy. For example, for tetanus toxoid, immunization activities are concentrated in
40 municipios at high risk, about 2.5 million women aged from 15-45 years. The
schedule calls for two doses as the primary series, and Td as a booster, up to five doses
to give complete immunity throughout the child-bearing years. Td is also used for
booster doses in others who are past five years of age, The calculation is based on the
population of these 40 municipios, projecting to vaccinate one-half of the target
population. In January to August 1993, in these 40 municipios with a target population
of approximately 2.5 million, 0.55 million doses were administered based on reports
from 26 municipios. However, the number of tetanus doses is expected to rise as other
risk groups besides child-bearing age women are reached.

Review of Demand

Two to three times per year the projected demand is reviewed and corrected if
necessary, although in practice these changes have been minor. Because of the system of
approval for vaccine financing, sufficient stock must be on hand for the last two months
of the year and the first four months of the next year, to cushion against delays in
approval of funds. This may lead to higher stocks being kept at other times.

At the central level, data on the number of doses distributed are received from
each state. No information i3 received, however, on the number of doses in stock in the
various storage areas. The PNI is now developing an information system to store this
information to enable better planning. Failure to have this information available makes
monitoring of the current stock situation difficult and may contribute to higher apparent
wastage rates.

Vaccine Distribution

The Central Nacional de Armazenagem e Distribuigao de Imunobiol dgicos
(CENADI) was created under the name CENADE in 1982 and managed by Bio-
Manguinhos/FIOCRUZ. It was moved under FNS in 1992. CENADI is the depot to
which all manufacturers send vaccine. Vaccine orders are placed by PASNI on receipt
of communication from INCQS that the vaccine is satisfactory. Most vaccines are sent
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in refrigerated trucks, except for imported vaccines, which arrive by air,

Imported vaccines which are to be kept in quarantine pending release from
INCQS are stored on one side, but no with apparent indication that they are in
quarantine. The number of samples requested from INCQS are taken, all from a single
box. BCG may be stored at CENADI prior to release, but there is no differentiation by
CENADI, as vaccine is distributed only on order by the central level, who monitors
release by INCQS. The government pays for all vaccines on their entry to CENADI, If
they are not released, the supplier must replace them. Rejected vaccines are placed to
one side and returned to the supplier, again with no particular indication as to status.

All inventory and distribution data are stored on a master computer to which PNI
staff in Brasilia have access. CENADI staff make no decisions, for example, on expired
lots, which are destroyed on official order at the initiative of PNI, who monitors
inventory.

PROGRAMA DE AUTO-SUFICIENCIA NACIONAL EM IMUNOBIOLOGICOQS

The Programa de Auto-Suficiéncia Nacional em Imunobioldgicos (PASNI) was
instituted in 1985 under the National Secretariat of Basic Actions of the Ministry of
Health and moved to the FNS in 1991. It was formed in response to a four-fold increase
in OPV demand between 1979 and 1980, and the finding of problems with the quality
of vaccines being produced. The goal of the programme is to reach self sufficiency in
immunobiologicals by 1995-1996,

PASNI has developed strategies for self-sufficiency through support of vaccine
production laboratoties and the INCQS (Instituto Nacional de Qualidade em Satde), the
National Control Laboratory. There are seven production facilities supported, but those
making or planning to make vaccines for the infant immunization programme include
Bio-Manguinhos (Fundagao Oswaldo Cruz), Instituto Butantan, Fundagao Ataulpho de
Paiva, Instituto Vital Brazil, and Instituto de Tecnologia do Parana (TECPAR). Between
1986 and 1993, projects totalling over $79 million were funded, most of which went to
these five laboratories, particularly for improving and expanding capacity for antisera for
therapeutic use (antitoxins, antivenoms) and for DTP production.

Annex 7 summarizes the national production of the principal vaccines
administered by PNL Not included on this list is blending and bottling of imported bulk
OPV. This activity has been carried out at Bio-Manguinhos. In 1994, the projected
investment for purchase of nationally produced vaccines is $22 million, and $28 million
for imported vaccines., Table 3 shows the source and cost of vaccines foreseen for 1994
for the infant immunization programme.




Table 3.

Vaccine Sources and Cost, Brazil, 1994

Vacoine | 58 miflion
SRR, . tional/Imported:
OPV 73.000 Bio-Manguinhos - 60.000 (0.0862) | -
13.000 5172
measles 22.000 Bio-Manguinhos - 9.000 (0.2800) 1.831
13.000 2.628
BCG 25.000 Butantan - 1.300 --- 1.739
Ataulpho de Paiva - -
17.928
DTP 30.000 Butantan - 5.000 25.000 (0.0795) | 0.455
1.988
Td 16.000 Butantan - 16.000 -- 0.901
TT 20.350 Butantan - 6.000 == 1.246
Vital Brazil - -
14.350
DT 0.150 Butantan - 0.150 --- 0.016
Hepatitis B | 5.000 - 5.000 (3.45) ---
17.250
Yellow 35.000 Bio-Manguinhos - -—- 3.120
Fever 35.000 —

Imported vaccines are procured through direct tender with producers who are
invited to bid. For procurement through national production, there is a meeting with the
vaccine producers to discuss annual demand and production projections. PASNI then
advises the manufacturers when to send vaccines to CENADI following release by

INCQS.

Table 3 shows significant importation relative to national needs only for OPV,
DTP and hepatitis B, Thus self-sufficiency in vaccine production is in sight. Self-
sufficiency in vaccine supply has already been achieved in Brazil. For the next five
years, PASNI has elaborated an action plan which will include the following activities:

» standardize raw materials and equipment for production of each vaccine and serum,

thus allowing better negotiation of prices and improved maintenance

» facilitate exchange of vaccine components among manufacturers




+ facilitate lot size increases to minimize the number of lots to be tested by INCQS

» assure technology exchange among production laboratories so that all producers are
using the same technology

* invest in vaccine technological development.

Up to now, the major barrier seen by PASNI to reaching production self-
sufficiency goals has been problems with the flow of money related to Brazil’s
economic situation. However, for the future, new technologies in the vaccine field will
lead to new challenges, which must be overcome by increased activity in technological
development, sustainable public and private sector partnerships, and links with
international initiatives such as CVI and SIREVA.

PRICING OF VACCINES

The Ministry of Health buys through the FNS all domestically produced
vaccines. Within the FNS, the CIAl examines the vaccine prices that are proposed by
the domestic producers each year.

QQuantities that can be produced by the domestic producers are discussed with the
CIAI and determined in advance of the price setting. The CIAI checks the prices
proposed against historic and expected price developments, looks at the cost price
elements, and compares the vaccine prices among the different domestic producers, as
well as with those listed in international quotations. Due to Brazil’s inflation rate, the
CIAI does all basic price calculations in dollars.

Per type of vaccine there is one uniform price set by the CIAI, which aims to
cover only the bare cost of production. The impact of this price policy on efficiency in
domestic vaccine production is limited, however. If two domestic producers make the
same type of vaccine at different costs, the uniform price will be based on the higher
cost producer. Similarly, if a national producer appears to be more expensive than an ‘
international supplier, the CIAI tends to buy from the national producer (as is the case '
with DTP). National prices that were set for 1994 can be seen in Figure 3. These
international prices can be compared with the PAHO Revolving Fund and UNICEF
prices for the same vaccines, which are also given in Figure 3.

In comparison with the international quotations, the national prices look
competitive. However, no conclusions should be drawn as to the efficiency of the
domestic vaccine facilities. This is because most of the facilities receive, apart from the
sales revenues of the vaccines sold to the FNS, supplementary capital and current
funding from both the state and federal government. This double funding situation is a
legacy of the time of before the FNS was established; before the mid-1980s the state-
owned producers received funding from the state governments to do basic research on
vaccines and to provide vaccine products to the state.

Contracts that the producers have with the FNS are for a one year duration.

Prices have been adjusted a number of times per year, mainly depending on the rate of
inflation. With the introduction of the more stable "Unidade Real de Valor’ (URV) in
July 1994, the need for price adjustments 15 expected to decline.
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PAHO HEH  0.0s6 0.085 0.086 0.122 0135
UNICEF 0.05 0.065 0.085 0.068 0.165

Figure 3. Prices of locally produced vaccines compared to FOB prices for direct international tender,
the PAHO Revolving Fund, or UNICEF (Source: Ministerio da Saide, PAHO, and UNICEF).
Nationally produced measles vaccine is 5 dose presentation.

The producers are paid ten days after delivery of the vaccines. In practice this
time period has extended to between one or two months. All domestic producers deliver
their vaccines to CENADI. From there, the storage centers in the states are supplied.

The vaccines are delivered free of charge to end-users. The private market is
negligible.
PRODUCTION
Economics

The economics of the production facilities has been assessed from a number of
viewpoints. First, the appropriateness of the technology to the local circumstances has
been assessed. The question whether the technical design of the facility will allow the

producer to meet the targeted results is dealt with elsewhere in this report, Here the
question of cost-effectiveness is addressed: is the technology used the most practical and
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cheapest means to achieve the stated results? The best possible technology may not be
the most cost-effective and it may score high in terms of risk and potential failure.

Second, a financial analysis was carried out. This encompassed, among other
things, an examination of the sources of funding, sales revenues, profitability and cost
accounting systems of the production facilities.

Third, an institutional assessment was undertaken to assess the operating
experience and organizational capabilities of the producers. This included reviewing the
implementation schedules of projects, staffing of the facilities, relationships and
cooperation with other institutions and donors.

Finally, where possible an economic analysis of the production facility was made.
From the point of view of the society, or from Brazil as a country, an optimal allocation
of public sector health resources implies supporting the best production facilities that
meet agreed vaccine production targets and quality requirements with a minimum
demand for public resources. Using international price quotations, the economic
attractiveness of the facilities was roughly investigated.

National Licensing and Quality Control Activities

National Office of Sanitary Surveillance (8V8)

The SVS is directly under the Ministry of Health. It is responsible not only for
immunobiologicals, but all other pharmaceuticals, foods, medical devices, and cosmetics.
The proportion of its limited resources that can be devoted to vaccines is very small
(two people).

The SVS interacts formally with INCQS for vaccine registration. A request for
registration from a production facility is channeled through 8VS. SVS refers the samples
and documentation to INCQS, which reviews both clinical and Jaboratory data in
support of the application and performs such tests as are necessary. Following the
review process, INCQS submits a recommendation document to SVS for final approval.
The SVS review of the recommendation document may include referral to a panel of
experts. A decision to approve or reject a request for registration must apparently be
made within 90 days of submission of the clinical and laboratory data. If a decision is
not made within 90 days the producer can appeal to the courts.

Not all vaccines in current use are registered. The Ministry of Health has up to
now concentrated on the laboratory testing of routine vaccines, in preference to formal
registration,

As yet, there is no formal national adverse reaction surveillance programme or
system of registration of vaccine-related complaints which is used in a regulatory
manner. As noted above, PNI has initiated such a system, but it is not being accessed by
INCQS or SVS, However, some states, especially Sao Paulo, have such surveillance and
registration, and a national programme is proposed.
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INCQS

The Instituto Nacional de Controle de Qualidade em Saude (INCQS), created in
1981, is one of the 12 institutes of the Oswaldo Cruz Foundation, located in Rio de
Janeiro. The Oswaldo Cruz Foundation is directly under the Ministry of Health.
Technically, INCQS functions autonomously within the national health system of Brazil,
and provides five major functions to the country: (1) standardizes and develops assay
procedures in the country, (2) does quality control testing of products for national
registration, (3) acts as the national arbitration laboratory in the courts, (4) provides
reference materials to state and regional laboratories, and (5) coordinates a network of
regional quality control laboratories. INCQS interacts directly with the other three
divisions under the Ministry of Health, SVS, Secretariat of Health Assistance (SAS), and
PASNI in the FNS. INCQS has 182 staff, of which 95 are of professional level and 87
of technician level. '

Vaccine Licensing (Registration). INCQS was formally appointed by the SVS to
perform the review of documentation submitted for the registration and licensing of
immunobiological products, and to request additional information required to reach a
decision on licensure directly to the producer. In addition, they are also charged to
perform, either alone or in conjunction with the state sanitary surveillance system, pre-
and post-licensure inspections.

To develop and coordinate the expertise necessary to perform the above tasks, an
interdisciplinary vaccine coordinating group has been set up within INCQS. This group
is coordinated by the head of the immunobiological department with six representatives
from the other four departments. There are 55 staff members comprising the departments
of microbiology and immunology.

Applications for licensure are referred to INCQS from SVS including all
documentation and samples. The review by INCQS includes the examination of the
techmcal report of vaceine manufacture and clinical evaluation. This review should
include an examination of the manufacture’s proposed scheme of production and quality
control. INCQS requires that manufacturers submit detailed manufacturing data on three
lots of vaccine to show consistency of mamufacture,

Following review of all submitted documentation and evaluation of test samples,
a technical report recommending acceptance or rejection of licensure is submitted to
SVS.

As of May 1994, INCQS had over 25 applications under review for licensure of
vaceine, either from national or foreign producers.

Quality Control Activities in Relation to Lot Release. Routine testing of all

vaccines is done at INCQS. Over 240,000,000 doses of vaccine were lot-released for use
in Brazil in 1993, and there can be little doubt that the improvement in vaccine quality
seen recently in Brazil owes much to the activity of INCQS. Every lot of filled vaccine
is routinely tested. They perform many of the final container tests. We were, however,
concerned that the crucial tests for pertussis potency and mouse weight gain (specific
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toxicity) were not being performed. INCQS appears to use a combination of FDA/USA
and WHO minimum requirements, not necessarily covering all requirements for a given
vaceine.

The essential data on the tests performed by INCQS staff should be accurately
and comprehensively reported with supporting signatures.

Better expertise in their review and interpretation of submitted lot release data is
needed. This deficiency is being remedied by formal training and by a scheme to place
INCQS staff members in production facilities for periods of up to six months to learn
and become familiar with the production environment. Similarly the production
laboratories are sending people to INCQS for training in technical assistance.

Manufacturer’s release protocols for DTP, DT and TT did not always include
data on all the points indicated in their release document suggesting that not all required
tests had been performed by the manufacturer, It is suggested that protocols submitted
by manufacturers should follow the form proposed by WHO in Technical Report Series,
with the option of substitution of FDA/USA tests as appropriate,

There is evidence that testing capacity for DTP, DT and TT are limited by
laboratory animal resources. This difficulty could be eased by performing potency and
specific toxicity tests at the bulk vaccine stage rather than on the filling lots. This
practice is completely acceptable under WHO minimum requirements. Since it takes
60-80 days for lot release, the availability of DTP vaccines could be hastened if INCQS
were to commence their potency test concurrently with those of the manufacturer. Such
a practice should not prejudice the integrity of the batch release procedure.

Testing of BCG vaccine was comprehensive and there was evidence that INCQS
had recently been instrumental in recognizing and solving a problem related to the
integrity of filled ampoules.

The viral vaccines unit tests sterility, toxicity, potency, and, in some cases,
thermostability, for oral poliovaccine, measles and yellow fever vaccines. Testing of
hepatitis B vaccine by ELISA is being developed, and five lots have been tested so far.
Logbooks are clear and comprehensive, and all data were readily retrievable. Reference
vaccines were properly used, with Shewart Control Curves to monitor the potency of the
references.

Sterility tests are done by the filter method, and toxicity tests use five mice and
two guinea-pigs (except for OPV, which is done only in guinea-pigs due to the toxicity
of MgCl, for mice). Potency tests are done in cell culture using methods described by
WHO. There is a well understood retest policy. They are now starting to prepare
Standard Operating Procedures for all tests.

The unit has requested more data from manufacturers when the protocols were

not complete, They have rejected three locally produced lots and one imported lot of
measles since 1991, and two lots of yellow fever vaccine due to sterility problems.
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Test results are signed by the head of the unit, the chief of the department, and
the Director of the INCQS, based on the signed summary sheet of testing prepared by
the responsible technician.

A recent inspection by a team from WHO which assessed the production and
control of yellow fever vaccine in Brazil made several suggestions to improve the
operation of this unit of INCQS regarding yellow fever vaceines. They recommended
that INCQS staff should have a better understanding of the production process, and, as
mentioned above, this is being addressed by plans to place key staff in production units.
They further recommended that samples for sterility testing should not be pooled.
INCQS says this practice would be too expensive to implement. Moreover, they are
detecting sterility problems. The final recommendation was to change the relationship
between INCQS and FIOCRUZ, which is an umbrella organization for the producer.

Chemical tests on vaccines were always performed in duplicate and error
estimates indicated a high degree of reproducibility,

All lot release information is entered into the INCQS computer system. This
includes all test results on each lot vaccine, These results are immediately available
through the Internet system to PASNI. The lot release documents are sent by INCQS to
PASNI who sends a copy to the producer along with a request for shipment, A surunary
of recent data is given in Table 4.

Table 4. Lot release information on selected vaccines by INCQS

Vaccine | 92 | e
Total | Released | Rejected | Total | Released | Rejected
BCG 129 128 1 120 a7 22
DTP 25 25 0 35 14 1
TT 17 17 0 11 11 0
Measles 153 153 0 44 44 0
8] 64 64 0 17 17 0
HB 0 0 0 0 0 0
YF 40 40 0 39 37 2
Other 37 37 0 118 117 1
429 428 1 3184 358 26
Total

HB-Hepatitis B vaccine; YF-Yellow Fever vaccine; Other: antivenoms and antisera; anti-
meninigitis, A+C.
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Options for National Control

The new Director of INCQS is to be commended for taking an active role to
address development of a stronger vaccine quality control system in Brazil. Among the
proposed changes are a new INCQS structure which incorporates epidemiological
expertise in monitoring vaccine quality. Another new proposal is a mechanism which
will allow INCQS staff to gain expertise in GMP and begin participating in GMP
inspections. Also proposed is an initiative to place INCQS staff in production facilities.
These changes should have a positive impact and should help assure vaccine quality on
release.

In the team’s review of vaccine production facilities, it was almost uniformly
observed how little the quality control staff of the institutes were involved with any
steps of production other than final product testing, In fact, the lack of formally adopted
requirements for vaccines other than instructions for final product testing issued by
INCQS is a barrier to control of the production process by either the quality control
units of the production institutes or by INCQS.

The team recognizes the authority and obligation of the SVS to make decisions
on vaccine licensing. Nevertheless, as INCQS becomes technically stronger, it would be
appropriate to vest more responsibility in INCQS to provide a wider range of technical
support to SVS in controlling vaccine quality.

Review of Production Institutions

Instituto Butantan

Introduction. The Instituto Butantan, located in Sao Paulo, was established in
1901 by the state government of S3o Paulo, and financed through a private non-profit
corporation, the Butantan Foundation, set up in 1990. Its staff numbers 1,100, and is
divided over four activities: Basic Research in Biomedical Sciences (150), Research and
Development in Biotechnology (135), Production of Vaccines and Antivenoms (162) and
Cultural Activities (753). A partial organogram of the institute is given in Annex 8.

Vaccines actually being produced include tetanus toxoid, diphtheria-tetanus
vaccine, and BCG vaccine, both for infant immunization and for treatment of bladder
cancer. Although they have produced DTP for PNI for a considerable time, they are
only now in the process of getting the vaccine registered with the Ministry of Health,
and the production process is still under scale-up and development. Developmental
research is ongoing on acellular pertussis and hepatitis B (recombinant) vaccines, among
others. The Institute also produces various antisera for therapeutic use and a total of
seven different vaccines, including rabies vaccines, They produce approximately 90% of
the antisnake sera used in Brazil.

There are around 35 major buildings on the Butantan campus. The diphtheria and
pertussis production is in a new building which began production in late 1993. The
present telanus facility also began operation in 1993. A new high volume filling and
packaging area is under construction in an existing building. They expect to have the
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equipment installed before the end of the 1994. BCG is produced in an older separate
building elsewhere on campus.

Production. BCG Production. BCG production is 2 million doses per year as
back up for Fundagao Ataulpho de Paiva, which is the major provider of BCG at over
20 million doses per year. The strain is the Moreau strain received from Copenhagen.
There has been no contact with the International Quality Control System for BCG in
Copenhagen for ten years, although there has been some testing of samples by INPAZ.
Staff of the BCG production unit, which makes BCG both for oral use for bladder
cancer and for intradermal use, is 22, with two at professional level.

DTP Production, General Observations. The yields for the components used in
the manufacture of DTP were provided by Butantan as:

Diphtheria - 6000 doses/liter of culture (7.5 Lf/dose)
Tetanus - 2000 doses/liter of culture (7.5 Lf/dose)
Pertussis - 1600 doses/liter of culture (16 OU/dose)

They estimated that they had a capacity to produce 40 million doses of DTP a
year, and an additional 60 million doses of tetanus toxoid. The team’s calculations agree
for DTP, but we estimate a lower capacity for additional tetanus toxoid. Most countries
use approximately 5 Lf and 10 Lf of the tetanus toxoid for DTP and TT respectively,
the smaller dose of tetanns in DTP making allowance for the adjuvant effect of the
pertussis component. In most countries, at least 15 Lf of diphtheria toxoid are used in
DTP.

Access is controlled in the production areas and gowning procedures are
enforced. Standard operating procedures (SOPs) were in place and posted for most
equipment and procedures. There was, however, no evidence of equipment validation
and recertification.

Time did not permit observation of the water or air handling systems used in the
vaccine production areas, nor the production of clean steam. We were, however,
informed that the water used in production was molecular filtered after reverse osmosis.
There is apparently no quality control testing routinely performed on the water used in
production.

During the walk-through we saw tablets of printed blanks for production records,
one tablet for each phase of production. These helped to assure consistency of
production. However, their value would be improved by incorporation into a single
document for each major stage in the manufacturing process, issued and certified by a
Quality Assurance unit.

Aseptic connections are made using a flame in the fermentation areas but the
operators do not wear gloves. We regard the use of sterile gloves during aseptic
transfers as essential, whereas use of a flame is less important. Ideally, aseptic transfers
are made under class A (100) conditions.
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Production staff perform a range of quality control tests including tests in
animals. This necessitates passage of production staff to the animal facilities. Returning
to the production area on the same day would be deleterious to the integrity of the
production area, The wider issue of what in-process control tests are appropriately done
by production will be discussed below,

Tetanus Toxoid. Tetanus is produced in a dedicated building with a staff of 12.
The new tetanus fermentation suite was modern and well designed. The flow of
materials and personnel were satisfactory, although there was some cross-over of clean,
sterilized and contaminated materials. They have a 300 liter and a 500 liter fermenter,
both hard-piped to the tangential filter and then to the holding tank, and from there to a
tangential flow ultrafilter. Al of the equipment is sterilized in place by steam as a unit.
We were assured of the effectiveness of the sterilization process. Detoxification is
carried out in an adjoining hot room by addition of formalin and glycine at 36° to 38°C
for 30 days. At the end of this period it is tested for detoxification and if found ‘
satisfactory, is transferred to the purification room in the same building. The
concentration of toxin subjected to detoxification varied from batch to batch. It is,
however, preferable to standardize the toxin concentration prior to detoxification, to
maintain a congistent ratio of toxin to formaldehyde and amino acid.

The tetanus toxoid is ultrafiltered. We noted that the pore size of the ultrafilter
was changed for the process between the first and second batches of toxoid, whose
production records we examined. We observed gel filtration of the ultrafiltrate in an
unconirolled area. This last step appears to add little to the purification of the toxoid.

We examined in detail the production records for two tetanus fermentations
produced in the facility prior to modernization and three fermentations produced in the
new area. The overall manufacturing process was essentially the same before and after
modernization. The process data were consistent for each area. Production yields were
slightly lower in the new facility, but too few fermentations were studied to draw any
firm conclusions. The two crude toxoid batches produced in the old facility and the ‘#
three from the new facility were separately pooled for purification yielding two final
bulk toxoid lots. Data on process yield and purity were consistently satisfactory. The
bulk toxoid lots examined had >1500 L{/mg protein mitrogen, and process losses were
very small.

Diphtheria and pertussis. Diphtheria toxoid and pertussis whole cell vaccine are
produced in separate areas in a new building. There are 23 staff in the diphtheria and
pertussis units with four at professional level. Diphtheria production began in the facility
in September 1993 and pertussis in January 1994, The diphtheria fermentation area
consists of sequential fermenters of 10, 100, and 500 liter working volumes, connected
by permanent stainless steel connections. The fermentation area was stated to be class C
(10,000). However, it appeared that the validation was done under static conditions,
unlikely to be maintained under operational conditions.

Growth of C. diphtheriae for toxin production is presently done using the 100
liter fermenter. They are still establishing growth parameters to obtain optimal yields of
toxin. They plan in the near future to start production in the 500 liter fermenter.
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However, the parameters established in the smaller fermenter may not extrapolate
exactly. The toxin yields in the culture broth are presently very low. It is recommended
that they evaluate the use of alternative production media, and investigate the possibility
of deterioration in their production strain.

The purification process for diphtheria toxin and toxoid closely parallels that used
for tetanus toxoid described above, the major difference being use of an ammonium
sulfate precipitation step. Data examined indicated that the purity of the final bulk
toxoid only just met the WHO specification of 1500 Lf/fmg protein nitrogen.

In the pertussis fermentation area, there is a prefermenter, a 100 liter and a 500
liter fermenter connected in line. They presently grow the bacteria in the 100 liter
fermenter. Of the first ten runs, the last three were considered satisfactory based upon
bacterial yield. One of these ten runs was contamminated. At the time of the team visit, no
data on potency of pertussis produced in the new facility were available. Such data
should be obtained as soon as possible to verify the suitability of the developed process
for pertussis production. Pending completion of the new formulation suite they are
utilizing pertussis bulks produced in the old facility to formulate DTP vaccine, which
when tested met the WHO potency requirements for pertussis.

Formulation. The DTP is formulated to contain 7.5 Lf of each toxoid, 16 QU of
pertussis cells, 1.25 mg aluminum as Alhydrogel (Denmark), and preserved by 0.01%
thimerosal. The diphtheria, tetanus, and thimerosal are blended in a tank with diluent,
then sterile filtered into 30 liter glass bottles. Thereafter, the pertussis and adjuvant are
dispensed into each bottle. Thus, the contents of each 30 liter bottle becomes a unique
final bulk, and each bottle should be subjected to all required tests. However, when the
refurbishment of blending area is completed, a 600 liter (500 liter working volume)
blending vessel will be installed in which it will be possible to formulate the vaceine
completely, and then split to into four 125 liter tanks for filling. This will speed up
production and substantially reduce testing costs.

Quality Control. The Quality Control staff numbers 28, 10 in physical chemistry
and 18 in biological control {(not including bioterio staff). The experimental bioterio has
13 people, of which three are professionals. There is no organized Quality Assurance
department.

The Quality Control department is responsible for ensuring that all incoming raw
materials are satisfactory. They may accept the manufacturer’s certificate of analysis,
provided that they sample and directly verify the identity of the contents in each batch
of raw material.

The team was concerned that some estimates of protein nitrogen contents in
toxoids had been extremely low, and examined the extent to which the protein nitrogen
determination method had been validated, and whether determinations had been properly
replicated. New automated protein nitrogen equipment with a larger capacity and greater
sensitivity is being installed and should provide better test results. However, it is
important that performance of this new equipment should be fully validated using a
range of dilutions of a toxoid of known protein nitrogen content. Another concern was
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the effectiveness of the trichloroacetic acid precipitation step and for this reason
replicate samples should be separately treated with trichloroacetic acid, both in routine
examinations and in the validation study.

The biological testing capability of the Quality Control® group must be
strengthened to allow them to undertake all the in-process biological testing and to free
production staff from the need to perform this testing. The current bioterio staff, which
includes three professionals, is not yet being used to capacity, and they do not at present
participate in any testing. Animals in the bioterio appeared healthy and well cared-for.
However, labels were not securely attached to cages, which could result in mix-ups.

It would be advisable to verify the calibration of standard anti-toxin used in
tetanus flocculation testing against the WHO reference preparation.

It 15 recognized that Instituto Butantan performs the FDA/USA methodologies .U
rather than the WHO recommended test method for diphtheria and tetanus potency
testing, As part of validation of each formulation it should be demonstrated that the
vaccine also satisfies the criteria established by WHO.

Extensive documentation describing the production, in-process control and final
product control are collected for each batch of vaccine and reviewed by the Quality
Control department. Although the records are comprehensive, security will be improved
if blank forms for each operation are assembled, verified and issued to production by
Quality Control for each production batch. The summary protocol for lot release, sent
with vaccine samples to INCQS for release to distribution, was found to be excellent.

Vaccine Release and Dispatch. As part of the assessment, an attempt was made
to trace a vaccine lot from the preparation of the bulk vaccine through all stages of the
process until its receipt at CENADI. Individual bulk vaccine components, after
formulation, are analyzed by Quality Control. Each blending lot is divided into a number
of sublots for filling purposes, because of limitations in filling capacity, While these lots ‘;
are indicated as sublots in the production record, they are given the same filling lot
number. This filling lot number is sequential for all vaccines filled, and is assigned by
the Filling Unit. On release of the final bulk vaccines, the Quality Control Department
notifies the Filling Unit in writing, and filling is scheduled.

The Filling Unit, which has 41 people, four of whom are professionals, prepares
a written protocol, and collects the released lot (with green stickers indicating release)
for filling. The filling of a single final bulk lot may be scheduled to take place over a
several week period, to fill all of the sublots (as many as 24). After filling, vials and
ampoules are inspected. Quality Control rechecks this inspection and selects samples for
final product testing and to be sent to INCQS. The product is then put in the cold room
under quarantine, pending release from Quality Control. This process may be altered
depending on the product and on particular circumstances related to delays at INCQS.
We saw three separate procedures in place for three different vaceines (DT, rabies, and
BCG), although this was not documented by written procedures,

After release from Quality Control, the vials are labelled and packed in boxes,
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Control over labels is not rigorous. Although Quality Control tests each sublot
individually, once labelled all sublots have the same number.

When the lot is released from INCQS, a fax is sent to PASNI, who then notifies
the Quality Control Department that the lot may be sent to CENADI. This information
is passed from Quality Control to Dispatch by telephone, Dispatch then contracts with a
trucking firm to send the vaccine by refrigerated truck.

A review of actual stock practices indicated that the procedures described above
may not always be followed. For example, lot 9312217 of tetanus toxoid, filled in 24
sublots, has been received at the Dispatch cold room in at least 17 separate shipments,
from 23 February 1994 to 17 March 1994. Of this lot 50,000 ampoules were consigned
for private sale prior to release from INCQS. The remainder are in the cold room, but
they exhibit no indication that they have still in quarantine pending release from INCQS.
Also in the cold room were a released lot of TT (9402010) not yet completely
distributed, a lot of TT (920818) which expired on 15 Apnil, 1994, and a lot of BCG
(9304068) which expired on 14 Apnl, 1994, some ampoules of which had been sent to
CENADI for distribution on 9 April, 1994. In a separate -20°C cold room were several
large bags of vials of measles vaccines which expired between 1979 and 1982.

Temperature control charts indicated that according to the readings recorded, all
thermometers in the cold room registered 3°C regardless of the time of day the reading
was taken, over a 30 day period. Thermometers in use are maximum-minimum
thermometers, and there appeared to be a misunderstanding of how to read them.

Stock records were kept by the pharmacist responsible for products in the order
in which they were received, and data were recorded on the product type, lot number,
number of doses, date of receipt, date of expedition, and destination. This pharmacist
has no records such as vaccine release certificates, The head of the Dispatch unit also
keeps stock records, by products, but there is no way to determine the fate of individual
lots from his records. Only by using both sets of records together is it possible to readily
determine the number of doses of an individual lot in stock.

Economic Assessment. Technology. In vaccine production, the management does
not want to compromise on technology. However, about half of the equipment appears
to be of Brazilian make. The more sophisticated units are imported. Through input from
visiting scholars and their own research staff attempts are made to upgrade the
technology in use. Back-up power supply is available.

Financial analysis. Until the mid-1980s, the Institute’s only funding source was
the state government who financially supported the undertaking of biological research
and the production of biologicals for the state. As of 1985, the Institute started to
receive investment funds from PASNI. The vaccines produced no longer went to the
state but instead were sold to the FNS. Meanwhile, the state government continued to
provide the Institute with a yearly steady budget not related to production performance.

Due to the high inflation, the Institute turned out to have considerable difficulties
with elementary bookkeeping principles. The administration could present only very
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rough estimates of their 1993 sources of income. Total sales of products amounted to
about US$ 3 million, of which vaccines and sera accounted each for about 50 percent.
The state government contributed US$ 2.9 million for the Institute’s payroll and
provided US$ 2.7 million for current supplies.

There is no separate insight available in the cost of manufacturing vaccines,
conducting basic research and the undertaking of research and development. A
foundation for economic research, associated with the University of Sao Paulo, set up a
separate price determination procedure for TT and sera in 1990. In practice, however,
this system has not been implemented,

Inflationary control of the inventory of products and raw materials may be
improved, To limit the effects of inflation on stocks, stock validation should be based on
current costs. Moreover, cash and accounts receivable should be kept to a minimum.

The Butantan Foundation collects the sales revenues of products from the federal
government which are put in a bank account to preserve the money value. However, the
administration as to the allocation of these sales revenues can be improved.

Institutional assessment. The Institute is managed by a former Professor of
Biochemistry of the University of Sao Paulo. The present management structure seems
too small to organize the four activities of the Institute efficiently. To this end, the
performance of these four activities should be measured against specified objectives.
Accounting should be used as a basic management tool to review the efficiency of the
production as well as of the other activities of the Institute. The tasks involved should be
delegated and the responsibilities shared over a broader management team.

The legal status of the Institute effectively limits the management’s ability to
rationalize the overstaffed organization. More salary incentives could be given to
employees in production. Wages are low and product sales revenues are used to provide
free lunches and to raise the basic salaries of key personnel. There are no job
descriptions.

With the ongoing expansion in production capacity of diphtheria, pertussis and
tetanus, the year 1994 is regarded as an experimental year. The management’s hope is to
become with this group of products less dependent on state government funding.
However, no implementation schedules and targets are set to realize the production on
time.

A pessimistic view is taken as to the possibilities for production sharing. Export
15 not considered as a major option, though the Institute is willing to share its expertise
and cooperate in international training programs for vaccine production.

Economic analysis. A crude assessment was made of the economic efficiency of
the Institute’s vaccine production facilities. It is estimated that in 1993 about US$ 1.8
million of state and federal government resources have gone into the production of TT,
DT, DTP, BCG and measles. This amount covers US$ 580,000 for supplies of the
vaccines and US$ 504,000 for the wages of the production workers from the state
government, and US$ 715,700 for the product sales from the federal government.
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Computed with UNICEF FOB prices, the 1993 quantities of vaccines produced
by the Institute would have been produced elsewhere at a cost of about US$ 1.1 million.
This suggests that the economic efficiency of the Butantan facility should be improved;
the more so as the Institute has no cost of land and no long-term debts to service.

Summary and Recommendations. The Butantan facility needs little further
investment to become a completely modern production facility for the vaccines currently
being produced. The Institute has an excellent research capability, but some of the
production processes need more development prior to their use in routine production.
The recommendations provided emphasize validation of process, strengthening Quality
Assurance and Quality Control, and reevaluating production priorities. Priority
expenditures suggested are for additional staff and autoclaves.

Management

1. Improve accounting procedures to have a better idea of money sources and
disposition.

2. Analyze capacity utilization to better monitor production and performance.

Production

3. The potency of pertussis suspension being grown in fermenters at the new plant

1s not being measured, and there is therefore a risk that the end product of the

scale-up process will be nonpotent vaccine, Development changes are being made

to several lots of diphtheria and tetanus toxoid. Vaccine made from such toxoid
should not be issued until a consistent process has been validated and approved.

A single production process for diphtheria should be chosen.

5. Formulations of DTP, DT, and TT should be reviewed in light of clinical
response data (seroconversion rates corresponding to protection) to each
component.

6. Where possible, separate autoclaves should be used for sterilization of clean
materials and decontamination.

=

Quality Control and Quality Assurance

7. The Quality Control unit should be strengthened so that in-process testing can be
transferred to this unit.
B. A Quality Assurance unit should be established. This unit should be responsible

for, among other things, assigning unique identification numbers to all pieces of
equipment, ensuring that service records on this equipment is kept, validating all
equipment, processes, and test procedures, and developing written procedures
defining lot recall, lot destruction, quarantine procedures, and sampling
procedures for Quality Control, as well as for all production steps and equipment
use. It should ensure that status labels on all vaccine bulks and finished products
are clearly in place,

9. It is important to validate all significant process changes by at least three
consecutive production runs. Possible clinical implications of any process change
must be considered by the Quality Assurance department.
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TECPAR (Instituto de Tecnologia do Parand)

Introduction. The roots of the Instituto de Tecnologia do Parand (TECPAR) go
back to 1940, when a research laboratory was created to give technical and scientific
support to industries in the Parand state. This first research laboratory underwent major
changes over time and in 1978 TECPAR was founded as a public company, owned by a
number of state departments of the government of Parana.

TECPAR’s main activities are the supply of rabies vaccines to the FNS. In
addition, it provides a number of services, among which are technological support to
metal-mechanic and electronic industries in an Industrial Technology Center and
technical facilities offered to small entrepreneurs through the Curitiba Technological
Incubator Project.

The company has 428 persons on the payroll of which there are 120
professionals, with plans to add another 165 staff, of which 41 will be dedicated to the
new DTP production. The current directorates include Administration, Technical,
Industrial Technology, and Production. An organogram of TECPAR’s Production
directorate is given in Annex 9.

The TECPAR plant is now on a new campus consisting of six or seven major
buildings in Industrial City, a suburb of Curitiba. The old facility in another part of the
city will be converted to other uses. DTP will be produced in a separate building on the
new campus, with its own water, steamn, and air conditioning. The team inspected this
building.

Vaccines currently produced at TECPAR included canine rabies vaccines (20
million doses) and human rabies vaccine (2.6 million doses), both based on suckling
mouse brain technology.” Vaccine development is in progress for DTP vaccine and its
components and cell culture rabies vaccine based on Vero cells. Q

Because TECPAR is not currently in production of DTP vaccine, and in fact is
still constructing the building (it 1s about 80% completed, with no installation of
production equipment) and has no procedures for production and quality control in
place, the team discussed plans for production and quality control with the staff, and
looked at production, quality control, and dispatch procedures for human rabies vaccine
to assess product flow. These facilities are all now located at the old TECPAR site, in
buildings which were built in 1942.

Production, Human rabies vaccine. There are 11 staff, of which two are
professionals, in the human rabies vaccine production area. Although the building 1s old,
the facilities were renovated in 1985, There 1s no filtered air, and the facilities will
undoubtedly be improved when production moves to the new building now under

! Extensive vaccination of the canine population conducted in several regions of Brazil has
eventually eradicated urban rabies from several cities of Brazl.
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construction. However, the production procedures, documentation and management are
exemplary. Written procedures exist for each step, and a serious attempt is made to
follow Good Manufacturing Practice (GMP).

Since the building renovation, production has ranged from 1.1 million doses to a
projected 2.6 million doses for 1994, with an average production of 1.5 million doses
per year from 1987 to 1993.

DTP vaccine. The design of the facility under construction appeared to be
satisfactory for the production of DTP. The building will have a self-contained suite for
tetanus toxoid production. The diphtheria toxoid and pertussis cells will be produced in
an adjoining area on a campaign basis. The building will also house the formulation,
filling and packaging areas. Quality Control will be housed in an adjacent building. We
discussed aspects of air handling, water distribution, and product flow. Most product
transfers will be made by piped connections, a very good feature.

The targeted production date for the first experimental lots of DTP is the end of
1995. This is an optimistic projection, because almost none of the major equipment has
been ordered, and the personnel have no experience in the production and quality
control of DTP or its components. The professional staff have, however, received
training in other DTP production plants in Latin America. Although the proposed
processes are closely modeled on those used at Instituto Butantan, the details have
obviously not been established. The DTP team have estimated the capacity of production

of DTP and DT vaccines to be respectively, 10 and 5 million doses annually, based
upon the yields obtained at Instituto Butantan.

They provided flow diagrams for the proposed production methods to be utilized
for the three intermediates. Tetanus is to be produced from the Harvard strain to be
obtained from INCQS (the diphtheria and pertussis strains will also be obtained from
INCQS). The strain will be grown for five to six days at 37°C in Mueller mediam, and
then the broth will be recovered by tangential filtration. This will be followed by
concentration by ultrafiltration (30,000 dalton cut-off), detoxification for 30 days, at the
end of which time it will be tested for residnal toxicity. Unlike Institutio Butantan, they
propose to use a very low concentration of formaldehyde with no amino acid added for
detoxification. Only if found to be fully detoxified will the tetanus toxoid be released
from the area for further processing. The toxoid will be concentrated, then purified in
the toxoid purification laboratory. The method of purification has not been fully
determined. Processing of the tetanus component will be completed by sterile filtration.
Purity, antigen content and toxicity will be monitored as appropriate through the
production process, with additional chemical, sterility, and irreversibility tests done on
the final bulk concentrate,

The diphtheria toxoid will be produced using a very similar process to that used
for tetanus. They propose to grow the strain, PW-8, in a modified Wyman Bower
medium in a 500 liter fermenter, The projected yields using this method of fermentation
are very low (30 Lf/ml of culture), and this was used to project the capacity of
production. The inactivation, purification, and quality control testing will be very similar
to that described above for tetanus.
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The strain to be used for production of the pertussis component is not clear, but
is apparently the same strain as used by Instituto Butantan. They propose to use the
Cohen Wheeler medium for the seed fermenter and Stainer Schulte medium in the 500
liter production fermenter. The cells will be harvested by filtration, washed, then
mactivated by formalin or heat.

They will need to obtain competence using the pertussis intracerebral challenge
test for determination of potency early in the developmental stages to enable them to
properly evaluate the production process.

The Ministry of Health should review epidemiclogical data to determine the
prevalent types of Bordetella pertussis causing disease in Brazil, and to use the results
of these studies to provide a strain or strains for production best suited to Brazil. If such
data are not available then such studies should be conducted.

Quality Control. The Quality Control and Assurance Department has two
Divisions, The Division of Quality Control has 10 staff of which two are professionals,
and the Division of Quality Assurance, two staff, of which one is professional. There are
also seven staff in the animal room.

The laboratory facilities are housed in the same building as that for human rabies
vaccine production, but, although old, are kept in good condition. The division performs
sterility tests and tests for thimerosal and phenol. Animal testing is done on about 12
lots of vaccine/week, including ten of canine rabies vaccine and two of human rabies
vaccine, and about 1500-2000 mice per month are used. Chemical tests and testing of
raw materials are performed in a different directorate of TECPAR, which also has the
ability to test for aluminum concentration when DTP production is started.

The Director of the Quality Control and Assurance Department has had training
in testing of DTP vaccines, but current plans are to hire new staff for this purpose. It is
projected that the quality control laboratories will be moved to the new site by the time
production commences there.

The Quality Assurance Department is developing documentation of all procedures
involved in biologics and all other areas of TECPAR. Unfortunately, only two people
are assigned to the Department, compared to the staff of ten in Quality Control. There is
a need to validate both equipment and processes to achieve GMP. Monitoring of the
production areas for microbial, particles, and differential air pressure was discussed.
TECPAR staff stated that they would rely upon an outside company to check and
calibrate the HEPA air systems. Given the good start towards GMP production in the
human rabies operation, there is every reason to believe that efficient quality control and
quality assurance can be achieved in DTP production.

It is strongly recommended that TECPAR purchase equipment for routine
monitoring of the air quality in all areas having classified air, in static and operational
conditions, and multipoint thermoprobes to validate all autoclaves used in biological
production.
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It appears that some of the in-process tests will be done by the DTP production
staff. Except for culture purity tests, most of the other tests should be done by Quality
Control staff, especially those involving animals.

Vaccine Release and Dispatch. Once rabies vaccine bulk is made, it is stored in a
dedicated cold room until released from Quality Control. The released bulk is then given
the appropriate status labelling and filled into ampoules. During filling, the Quality
Control Department selects samples for testing and samples to be sent to INCQS. These
samples are stored with the unlabelled ampoules in another dedicated cold room until
released by Quality Control. They are then labelled and packaged, and the selected
samples are sent to INCQS. Packaged vaccine is stored in styrofoam shipping boxes in
yet another dedicated cold room until released by INCQS, after which they are
immediately sent by refrigerated truck.

If a lot is not released by INCQS, there are written procedures for its disposal.
Lots occasionally fail the potency test, due to the variability of the test. The production
unit has kept a running comparison of potency test data from Quality Control and from
INCQS which indicates the wide variability of the test results, but a consistent trend
towards higher potency of the product.

All data on lot status and doses of vaccine produced and in production are kept
in the office of the Responsible Pharmacist, so that inventory can be instantly
ascertained.

Economic Assessment. Techrology. Technology is cost-effective in the
production of the rabies vaccines. Machinery is bought locally and from abroad. For
example, the filling machine for the human rabies vaccine was imported from Italy; for
the rabies vaccine for animal use filling is done with a Brazilian machine. Improved
production technology is currently being developed within the company for the human
rabies vaccines. For the new DTP project the fermenters and steam generator will come
from abroad, whereas the filling machine will be imported partially finished and locally
further completed and adapted.

Financial analysis, TECPAR gets 52 percent of its payroll financed by the state
government of Parand. From the federal government it receives capital funding for the
new DTP facilities, in addition to the revenues of the products sold to the FNS.

Total sales 1n 1993 reached US$ 5.8 million of which 63 percent was for the
sales of canine rabies vaccine, 30 percent for the sales of human rabies vaccine, and 7
percent for TECPAR’s services,

Mainly related to increased sales of the canine rabies vaccine, TECPAR expects
sales to total US$ 10 million in 1994. The recurrent contribution of the state government
for this year is budgeted at USS 2.8 million. During 1990-1992, this contribution of the
state government accounted for about one third of TECPAR's annual sources of finance.

Financially, TECPAR has become quite self-supporting. Without the state
government contribution, TECPAR’s gross profitability in 1993 would have been
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reduced by 51 percent; however, the company’s net operating profit (after deducting
factory overhead and other indirect costs) would still have been positive.
Notwithstanding this achievement, a number of steps can be taken to improve the
financial strength of the company further.

First, a cost accounting system should be introduced which informs the
management what the per-unit cost of the products and services of the company are.
This will be relatively easy for the two main vaccine products in comparison with the
cost determination for the services. This cost accounting system should become the basis
for the yearly price negotiation with the officials of the Ministry of Health. Second,
preliminary cost price calculations should be made for the vaccines which will be
produced in the new DTP plant. Quantitative estimates should furthermore be prepared
on the impact of this new facility on the company’s total indirect costs, liquidity and
profitability. Third, there is an excess capacity in the rabies vaccine for animal use, on
the order of about 5 million doses annually above the national needs for canine rabies
vaccine. At present, some marginal regional exports are realized. A more aggressive
international marketing effort could be undertaken here.

Institutional assessment. The management team of TECPAR consists of five
members: a President Director and four Directors who are responsible for the technucal,
production, administration, and industrial technology areas, respectively, This delegation
of responsibilities contributes to a well organized facility.

As a public company, TECPAR has the ability to lay off redundant workers. Its
staff is generally well-paid. There are job descriptions, although no regular evaluations
of workers’ performance are undertaken. The operational staff for the new DTP facility
still needs to be aftracted and trained.

TECPAR maintains relationships with the other domestic vaccine producers. The
technicians of the different plants, for example, are in regular contact.

The management priorities for the medium term are to get all the facilities
consolidated in the new location; to further the Industrial Technology Center; to develop
rabies vaccine production from cell culture; to start up DTP production by early 1996;
and to create a nucleus of technical expertise on vaccine production.

Economic analysis. An international cost comparison of the vaccines produced
by TECPAR is difficult to make, since there are no international price quotations for the
rabies type of vaccines. Like all Brazilian vaccine producers, the company benefits from
the provision for free of land, buildings and most of the equipment. As a public
company, TECPAR pays the normal taxes, with the exception of import duties on
capital equipment.

Summary and Recommendations. TECPAR has made significant investment in
production, and, if the experience of current production holds, should be a sustainable
vaccine production facility. Other than the investments needed to complete the three new
facilities now under construction, little further investment should be needed in facilities
and equipment. There are significant staff and training needs, and recommendations are
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offered to enhance the financial management.

Management

1. Market analysis of the potential for export, particularly for canine rabies vaccine,
should be used to facilitate production decisions and better utilize existing
capacity.

2. The management of TECPAR must take into consideration the financial impact

of the projected expansions in vaccine production on its current operations, and
plan to address this.
3. A cost-accounting system should be introduced.

Production

4. In light of the ambttious goals of TECPAR for new production of DTP and
rabies vaccines, support for recruitment of new staff to achieve these goals is a
matter of priority. Once recruited, a significant training programme will need to
be implemented.

5. Research and development should be accelerated on production of rabies vaccine
in Vero cells, provided an evaluation shows this to be in accord with national
priorities and economic and technical feasibility.

6. Equipment for air monitoring and thermoprobes should be used.

Quality Control and Quality Assurance

7. The Quality Assurance unit should be strengthened, particularly with the need for
validating equipment in the new facility.
8. Quality Control staff should be starting now to develop the capacity to test the

planned vaccines.

Fundacao Ataulpho de Paiva (FAP)

Introduction, FAP is a non-governmental organization that has the legal status of
a non-profit private foundation. It was established in 1900 as anti-tuberculosis
association. The primary product 1s BCG vaccine for intradermal immunization. They
also produce immunomodulators such as Onco-BCG for bladder cancer, C. parvum, and
diagnostic immunobiologicals. There is a Research and Development programme
devoted mainly to immunology, and the Foundation also runs an orphanage. The staff
numbers 132 people of whom 26 are in the production area and 6 people in guality
controi. The present plant is located within Rio de Janeiro city and a new production
facility is being constructed in an industrial park at Xerém, about 30 km from Rio de
Janeiro. The primary financial source for this new plant comes from PASNI.

Production, Seed strain. In 1925 a Pasteur BCG strain was brought by Dr J
Moreau and given to Dr Arlindo Assis. In 1927 the BCG Laboratory at FAP produced
oral BCG vaccine using the Moreau strain. In 1968 a primary seed lot was prepared
from the Motreau strain at the Statens Seruminstitut in Copenhagen. In 1972, the first
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freeze-dried intradermal experimental vaccine was produced at FAP using the seed lot
obtained from Copenhagen. In 1976, the production of the present vacuum sealed
formulation was begun using a secondary seed lot from Copenhagen. They open about
10 ampoules a year and passage each about 10 times in Sauton potato medium. A
replacement for the 1976 secondary seed lot has been derived at FAP from the original
1968 primary seed lot. At present there are no plans for any extensive evaluation of the
new seed lot but it is strongly recommended that a limited study in children to compare
local reactions and Mantoux conversation rates for the new seed, the 1976 seed, and
WHO reference vaccine should be undertaken. The characteristics of the Moreau seed
appear to be similar to the Tokyo 172 strain, both in biochemical and growth
characteristics and behavior in school children.

Production of vaccine. Production cultures are grown in Erlenmeyer flasks and
are harvested on the basis of pH and appearance of the pellicle after seven to eight days.
The pellicles are distributed in discoidal flasks containing stainless steel balls which are
rotated to homogenize the suspension of cells. The suspension is adjusted to contain 40
mg per ml and filtered before submission for quality control tests. It is further diluted to
an appropriate concentration for either 10 or 20 dose presentation. Vaccine is manually
filled under laminar flow followed by lyophilization, and flame-sealed under vacuum. In
1992, the production was 23 million doses, in 10 and 20 dose presentations, which is
close to the maximum capacity of the lyophilization and sealing equipment. This
represented 110 lots submitted to INCQS, and only one lot was rejected. Figure 4 shows
production volumes and presentations for the last several years, and Figure 5 indicates
facility eapacity utilization data, which clearly indicate the bottleneck for production at
the lyophilization and sealing steps.

This large volume of production was achieved in a very small clean area and it is
to the credit of the staff concerned that so much vaccine has been produced with so little
failure in such cramped conditions.

There was no decontaminatton of used glassware or of discarded cultures from
the production area prior to washing. It appeared that any viable organism in the
discarded cultures could be washed into the public drainage system. It is important to
point out that this could be regarded as public health hazard.

The new production facility. Construction began in 1989, with financial support
of PASNI, of a new BCG facility in an industrial park, at Xerém, about 30 km from the
old facility, with 3,624 m? of production laboratory area in addition to auxiliary and
supporting areas. The construction is almost completed and most of equipment has been
received. The new facility will allow over two-fold increase in production capacity,
Although the design appears to fulfill the needs and requirements to accomplish the
basic activities of production and quality control, some improvements in the flow of
material and personnel would be desirable, due to some areas with cross-over between
transit of clean and contaminated material. Water for injection (USP) is an essential
element for production and in discussions with the staff of FAP it was uncertain that the
planned ingtallation will provide water of adequate quality. Current GMPs require that
water for vaceine diluent, and other critical steps of vaccine manufacture should meet
specifications for water for injection.
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Figure 4. Annual production of BCG by Fundagao Ataulpho de Paiva, in 10, 20, and 50 dose
presentationg

The performance in the old plant has been excellent and if some basic
precautions in training and strengthening of the Quality Control/Quality Assurance
department are propottionally increased, the quality of products from the new plant
could be even better assured. The amount of vaccine will well exceed the demand of the
country and will require the organization of a marketing department to allow supplying
vaccine to neighboring countries.

Quality Control. The Quality Control department has physical-chemical,
microbiological and animal testing conirol facilities. The culture flasks are tested for pH
and examined for appearance especially for density of the pellicle. The homogenized
suspensions of bacteria are tested for pH, respiration rates, opacity, freedom from
contammination and viable count. After freeze-drying, they make 100% visual inspection
and spark test for vacuum of the ampoules. Samples are taken for further quality control
testing: viable count, thermostability, intradermal reactivity, innocuity, sensitization in
guinea-pigs, and freedom from contaminants ("sterility"). Examination of quality control
records showed good consistency in all the parameters measured. There was 27-30%
survival following the lyophilization and 50% survival after 28 days at 37°C, which is a
satisfactory viability and thermostability profile. There was evidence that quality control
tests had been competently and accurately performed.

Although batch failure was in general low, a serious problem had been
encountered when INCQS reported a high incidence of contamination of sealed
ampoules initially with organisms such as B cereus and later with skin commensals.
This was found to be associated with loss of vacuum in ampoules previously shown to
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Figure 5. Capacity utilization charts for Fundagao Ataulpho de Paiva and Instituto Vital Brazil, The
hatched section indicates capacity utilization if Bio-Manguinhos filling facility is used as well.

be fully evacuated and with a change of source of ampoules from locally produced to
Swiss made ampoules. Neither production nor quality control staff were in any way to
blame for this breakdown and quality control are to be commended for their contribution
to the identification of the problem. However, this occurrence, which has proved
extremely costly to FAP, demonstrates the importance of validating any change,
however trivial, to the production process.

Quality Assurance (QA). There is no formal Quality Assurance establishment at
FAP and in consequence there is no formal mechanism for ensuring that process
changes such as that described above are validated. Although Quality Control staff are
aware of the need for validation, they have neither resources nor authority to implement
it. The new facility which is nearing completion will contain many pieces of equipment
and installations which will need to be validated if successful production is ever to be
consistently carried out there. This essential QA function needs to be carried out as soon
as possible either by establishing a new QA department or by providing Quality Control
with the necessary resources and support. A QA department would of course have other
important functions: the control of documentation, monitoring of the production
environment, ensuring conformity to GMP, but the most pressing immediate need is for
validation.

Vaccine Release and Dispatch. Labelling of ampoules is carried out in a large
open area. Opened cartons of ampoules were removed from cold store and placed
randomly about the glassware wash and preparation area. The possibility of mix-up was
obvious and better provision could have been made to improve this operation.
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Labelled ampoules of vaccine were packed with vials of saline diluent. No testing
of compatibility between diluent and vaccine was performed.

The completed packs were placed in a quarantine cold room waiting approval by
INCQS. The cold room contained lots which were filled but not released from internal
quality control, lots which were labelled and waiting to be dispatched to CENADI,
samples to be sent to INCQS for testing, and a large number of ampoules, all packaged,
which had never been released from INCQS due to a sterility problem which was traced
to a leak in the vacuum when ampoules were purchased from a new source.

Economic Assessment. Technology. Maximum use of local resources is made.
The well kept premises are located in a normal suburban living area and are, in relation
to the output of BCG, extremely small in size. Nearly all machinery and equipment is
made in Brazil. Filling, labelling and packing is done manually. In some cases they tend
to 'over’ economize. Animal cages, for example, were due to be replaced, and
production personne! seemed to look forward to working with better equipment in the
new BCG facility. For the latter facility, the freeze dryer, filling and sealing machine
will come from abroad. Furthermore, three standby power generators are planned,

Financial analysis. Total income in 1993 is estimated at US$ 1.2 million. About
80 percent of the total income is accounted for by sales of vaccines to the Ministry of
Health, 2 percent by donations and less than 1 percent by sales of other products to the
private sector market. The remainder can largely be explained by inflationary
adjustments.

They are free to determine their prices for the private market. Consequently, the
average margin of products for that market - of about 30 percent - is higher than the
markup - of 20 percent - for the BCG vaccine sold to the Ministry of Health. Yet,
private sector sales in quantity are still marginal; therefore, FAP should make an effort
to penetrate this market more firmly.

Cost accounting at FAP with BCG as the only major product is relatively straight
forward. The unit cost per dose of BCG (in ampoules of 10 doses) comes to US$ 0.16
in May 1994. This per unit cost amount consists of 47 percent for wages, 35 percent for
indirect costs, 12 percent for packing, and 6 percent for materials.

The BCG cost price also includes a substantial reservation for expected inflation.
This is required because quality control of the BCG vaccine takes a long time which
delays turnover and increases stock levels.

Capactty utilization in 1952 and 1993 has been close to maximum capacity,
which is at present about 15 million doses. However, in the new facility at Xerém, FAP
will have a maximum capacity in the order of 40 million doses per year, Since the
annual national need for BCG is forecast to be between 25-27 million doses for the rest
of the decade, it will be clear that FAP will need to find an export market outlet for
about 10 million doses of BCG.

Institutional assessment. The organization has four Directors, including a
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President. Due to its independent legal status, the organization can be managed under
market-like conditions which has contributed to the strong efficiency and performance of
the foundation.

Salaries are financed by the sales of vaccines and the pay scales are based on job
descriptions and responsibilities. The level of the wages can be compared with what is
paid m other private industries.

Management priorities are to have the new BCG facility ready for production by
mid-1993, to use the old facility for making other pharmaceutical products and to start
up production of meningitis. It is unclear whether the management will be able to keep
up the present performance when the production capacity will be doubled in the very
near future. The cwrrent management qualifications needed for marketing and
distributing the increased output to export and private markets seem too limited.

Economic analysis. FAP has sold BCG vaccines to PAHO’s revolving fund,
indicating its efficiency in production. FAP is able to quote competitive prices in the
international market, since there is no need to include a reservation for inflationary
adjustments,

Surmnmary and Recommendations, FAP has an excellent production record in an
old and cramped facility. With a new building nearing completion, FAP should have
completed most of the needed investment for its current production. However, some
aspects of the proposed bwilding design should be reevaluated. To continue as a
sustainable facility, attention must be paid to product marketing. Recommendations are
offered as well on staffing and production control.

Management

1. Access to the pharamaceutical private market is still marginal, and efforts should
be made to more firmly enter this market.

2. With the new facility in operation, there will be a need to vigeorously explore the

export market so that the extra capacity can lead to increased revenue.
3. FAP should diversify the existing essentially single product line by developing
production of other products.

Production
4. Review of the plans for the new facility suggested that, due to some areas of

cross-over with clean and contaminated material, improvements in flow of
material and persomnel should be made,

5. A review of the planned water quality for the new plant should be done to assure
that it will meet standards for water for injection.

6. It should be ensured that all used glassware and discarded products are
decontaminated prior to handling.

7. Access to additional cold room space to relieve the current congestion and

mixing of product in various stages of release is essential.
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Quality Control and Quality Assurance

8. It is strongly recommended that all equipment and installations be properly
validated as to installation and performance before the new plant is
commissioned. With proper training the head of Quality Control could oversee
this validation process. Support from the director and responsible manager of the
Institution are essential in two ways: firstly to provide resources for specialized
validation that can not carried out in house by the present staff and secondly to
provide cover for her normal duties.

9. A limited study in children to compare local reactions and Mantoux conversation
rates for the new seed, the 1976 seed, and WHO reference vaccine should be
undertaken. WHOQO could be approached for assistance with this.

Instituto Vital Brazil

Introduction. Instituto Vital Brazil (IVB) was founded in 1919 as a family private
company to produce herbal medicine, vaccines and anti-snake serum. In the 1950s the
government of the state of Rio de Janeiro took over the ownership of the Institute. With
the government as its sole client, a change in their procurement policy almost closed the
plant. In 1992, the new administration of IVB changed the policy to concentrate on a
smaller range of products and diversify their clientele.

IVB’s main vaccine product is tetanus toxoid, of which it is the major national
producer. In addition to vaccines, [IVB manufactures anti-rabies serum and antivenoms
and a wide range of pharmaceutical products.

The Institute has 597 employees on the payroll, of which there are 51
professionals and 220 persons who have a medium level of education.
There are 18 staff involved in production of tetanus toxoid, including three
professionals. In Quality Control are 10 staff members, including five professionals.
There are five Directorates: Industrial, Scientific, Commercial, Financial, and
Administrative. An organogram of the Industrial Directorate is given in Annex 10.
(Quality Control is in the Scientific Directorate, and Dispatch in the Commercial.

Production. Production of tetanus toxoid is carried out in lots of thirty 9 liter
bottles containing 7 liter of Latham medium, in static culture, They have a fermenter
suite which was used for production for some years until its use was discontinued as
result of low yields and frequent contamination problems. Attempts to repair the
fermenter have been unsuccessful. Current yields from the static process are highly
unsatisfactory: about 25% of the expected vield from a good bottle culture. The
production staff have investigated a range of alternative seed cultures, most of which
have given even worse results. It is reasonable to infer that the medium is most likely
cause of the problem. If is important to improve the yield, not only from the economic
view point, but because it is likely to be difficult to attain the purity of 1000 Lf per mg
protein nitrogen required by WHO minimum requirements. Failure to meet this
requirement carries the risk of an increased incidence of adverse reactions.
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Despite the nadequacies of the production facilities they had a good record on
sterility.

IVB intend to upgrade their primary production by installation of a 500 liter
fermenter in a new facility and adoption of production procedures similar to those of
Instituto Butantan,

The processing of tetanus toxin is already similar to that used in Butantan,
differing from it only in the pore size of the ultrafiltration membrane. Toxoiding is
carried out using 0.4% formalin without amino acids, and stored for 28 days at 37°C,
then held at 4°C pending results of the toxicity test. The toxoid is at present purified by
ammonium sulfate concentration followed by diafiltration. It is intended to replace this
step by concentration and purification using a 50,000 dalton membrane filtration. To
produce final bulk toxoid it is impossible to assess the effectiveness of either
purification procedure since no estimate of protein nitrogen is ever made making it
impossible to calculate purity as required by WHO. It is important to introduce a test for
protein nitrogen either at [VB or by contracting with another laboratory as soon as
possible.

Tetanus toxoid produced by IVB is adsorbed onto a coarse form of aluminum
hydroxide gel which is produced by further homogenization. This aluminum hydroxide
was originally intended for use in veterinary foot and mouth disease vaccines. It is
recommended that a form of alwminum hydroxide more appropriate for human use, such
as that used at other production institutes, should be adopted.

We did not see the area used for formulation but understand that adsorption of
the antigen is currently carried out at Bio-Manguinhos,

We were told that the toxoid content of 6 Lf per dose in the vaccine formulation
had been selected on the basis of results in the FDA/USA potency test. It is never safe
to formulate vaccines on the basis of such tests alone. Some evidence of clinical efficacy
and acceptability of any new formulation should always be sought.

Filling of monodose containers is performed at IVB in a series of cubicles using
semimanual equipment under laminar flow. The side screens from the laminar flow units
reach almost to the floor so that the operator has to work entirely within the clean area
flow, thus creating turbulence and potential for contamination. It is suggested that
shorter screens which reach to the bottom of the filling machine should be used so that
the operator can work from outside, providing a better filling environment. Filling of
multidose containers is performed at Bio-Manguinhos but all inspection and quality
control is performed by IVB. There are plans to commence construction of a new
formulation and filling facility at IVB to permit greatly increased capacity, in July of the
current year. The proposed work flow described in the plans and GMP precautions
appear to be very good.

Quality Control. We were concerned to note that staff of production were
performing animal testing and returning to production areas afterwards, This practice is
prejudicial to the integrity of the production area and should be totally avoided.
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Production staff also perform microbial purity tests and Lf tests. Although the latter
duties are performed by quality control personnel in most laboratories there is no reason
in principle why production personnel should not perform tests that are concerned solely
with yields. But tests that are performed for control purposes, such as determination of
purity on the final bulk toxoid, should be performed by quality control staff.

Records of tests performed by quality control indicated that they have been
performed competently and in accordance with written methods that appeared to be
available for all tests. Some records lacked signature and some observations had not
been filled in. The specific toxicity test results failed to mention the absence of specific
tetanus paralysis.

Laboratory animals used in quality control testing were held in cages labelled
with little information. It is suggested that date of tests, batch, name of product and
nature of test should be included on the label and it would be desirable if mice and
guinea-pigs were color coded to provide further security of identity.

SOPs were in place, both in quality control and production. However, it would be
desirable to include the production flow diagram showing the steps of production and
points of which quality control tests are done.

Quality control tests specified by USP 22 are performed on all raw matenals.

Vaccine Release and Dispatch. Final bulk vaccine is at present being filled at
Bio-Manguinhos by IVB staff, usually assisted by one or two Bio-Manguinhos staff. It
is transported there by a refrigerated truck from FIOCRUZ, where it is adsorbed by IVB
staff using aluminum hydroxide gel prepared at IVB. It is filled into five dose vials, and
brought back to IVB for inspection and quarantine. After release by Quality Control, it
is transported back to Bio-Manguinhos for labelling and packing. It is then brought back
to IVB until release from INCQS for dispatch. Thus, the product may make five trips
across the Niteroi bridge prior to use. It should be noted that when the product leaves
for Bio-Manguinhos for the first time, there have been no tests done by Quality Control.

The quarantine cold rooms were appropriately labeled and segregated. Product
logs were clear and well-maintained. However, there was apparently no written
procedure for destruction of a lot on rejection.

Economic Assessment. Technology. At present, aged technology is used in
vaccine production. Most of the equipment is made in Brazil. The Brazilian ampoule
filling machine for single dose TT seemed 50 years old. Filling of TT in five dose
presentations is done at Bio-Manguinhos. Investments are, however, underway to
modernize the production technology of TT,

Financial analysis. The Institute is financed by different sources. The payroll,
which amounted to US$ 2.8 million in 1993, is entirely financed by the state
government. Moreover, the state government provides capital funds. At national level,
IVB receives vaccine sales revenues as well as investment funds from the Ministry of
Health. Regarding the sales returns of pharmaceuticals, IVB gets paid by public health
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organizations at central level (CEME), but also at state and municipal level.

Total sales in 1993 amounted to US$ 3.7 million of which pharmaceuticals
accounted for 93 percent and vaccines and sera together for 7 percent. The gross profit
to sales ratio was 74 percent, meaning that a high proportion of sales was left after
deducting the cost of goods sold. Nonetheless, net operating profit before monetary
adjustments was negative, mainly due to high admimstrative expenses. Therefore, IVB
should attempt to reduce these expenses.

Without the state government paying their wage bill, IVB would not be able to
continue the operation. In 1991, a financial crisis was caused by a collapse in the sales
of pharmaceuticals to CEME. Since then IVB has diversified the distribution of
pharmaceuticals away from CEME, who was their single customer.

Cost accounting principles are applied for both vaccines and pharmaceutical
products. For TT a cost price is calculated at US$ 0.13 (for single dose) and at USS
(.09 (for 5 dose). Actual capacity installed in TT 15 4.5 million doses. IVB plans to have
by October 1995, an expansion of capacity in TT of up to 45 million doses.

Institutional assessment. VB is recovering from its financial crisis in 1991. In
that year production stopped as the receipts from pharmaceutical sales to CEME dried

up.

At the operational level, the Institute is now managed by a President Director and
five Directors in the areas of production, science (quality control), commerce, finance,
and administration.

Although IVB is owned by the state government of Rio de Janeiro, the Institute
is independent in matters of personnel. Salaries are on average about 40 percent lower
than in private industry. For operating the expanded TT facility, workers still have to be
trained.

The commercial policy is geared to diversifying the public sector market. As a
subsidized producer, IVB will not supply pharmaceuticals to the private market, as long
as it has not met national public demand.

IVB, however, will need to formulate concrete strategies and targets to become
financially more independent from the current financing by the state government. Also a
more proactive approach may be taken in exploring possibilities for cooperation with
international donors.

Economic analysis. A direct comparison of the public resources that are allocated
to IVB’s vaccine production vis-@-vis the resources used by an internationally
competitive facility could not be made. However, from the financial analysis one may
conclude that, at present, the Institute is not yet an economically attractive production
facility.

Summary and Recommendations, Instituto Vital Brazil, with a new management,
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has started to put the company on a more stable basis. Tetanus toxoid production,
however, is not near capacity and problems with low yield suggest that it will be
difficult to predict future capacity. Much investment in new facilities has been planned
by the management, including a new fermenter, remodeling of the production suite, and
a new filling and formulation building, In the meantime, IVB is filling vaccine through a
production sharing arrangement with Bio-Manguinhos, which seems to be working
satigfactorily, and could be a model for other products and producers. Recommendations
are suggested to improve the financial basis and the production process,

Management
1. Current administrative expenses are high and should be reduced, if possible.
2. Concrete strategies to become more independent of state government, perhaps by

locating outside donor support, should be formulated.

Production

3. Future viability of tetanus toxoid production will depend on solving the yield
problemt. Converting production to fermenter culture would minimize
manipulations.

4, A form of aluminum hydroxide more appropriate for human use should be
sought.

5. Shorter screens which reach to the bottom of the filling machine should be used
so that the operator can work from outside, providing a better filling
environment.

Quality Control and Quality Assurance

6. Quality Control staff should be more intimately involved in in-process control,
especially for animal testing.

7. It is important to introduce a test for protein nitrogen either at [IVB or by
contracting with another laboratory as soon as possible.

3. It is suggested that date of tests, batch, name of product and nature of test should

be included on the cage label for animal tests, and it would be desirable if mice
and guinea-pigs were color coded to provide further security of identity.

Bio-Manguinhos

Introduction, Instituto de Tecnologia em Imunobiologicos de Manguninhos (Bio-
Manguinhos) is part of the Fundagao Oswaldo Cruz (FIOCRUZ) which falls directly
under the Ministry of Health. In its present set up, the production unit Bio-Manguinhos
is in operation as of 1976.

Apart from Bio-Manguinhos, there are e¢leven other units administered by the

FIOCRUZ holding. To understand the position of Bio-Manguinhos within FIOCRUZ a
brief description of the latter organization is given first.
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In 1992 FIOCRUZ had a staff of 3,367 persons, of which there were 258 in Bio-
Manguinhos (94 at senior and 164 at middle level). The total approved budget in 1992
for FIOCRUZ amounted to US$ 92 million; 90 percent of this total budget came from
the federal government, 7 percent from research projects, and 3 percent from sales of
products and services, which mainly represented the vaccines sales by Bio-Manguinhos,
Of the total approved FIOCRUZ budget of 1992, nearly half went to salaries, one third
to current expenses, and one fifth to capital expenditures. The allocation of the total
budget over the different units is discussed in the Deliberative Council of the FIOCRUZ
holding. There decisions are taken on capital expenditures and on the maximum ceilings
of current expenses allowed to the units. The Deliberative Council consists of the
President of FIOCRUZ, four advisors to the President and the eleven Directors of the
units. The 1994 budget proposed by FIOCRUZ is expected to be approved in June-July
this year.

The current status of Bio-Manguinhos within FIOCRUZ has led to a number of
management constraints which will be dealt with below. The organization's main
vaccine products are yellow fever, measles and meningitis C vaccine. At the moment
Bio-Manguinhos has 241 employees, of which 86 are professional level. These include
151 in the Production area, 35 in Administration, 9 in Maintenance, 11 in Research and
Development, and 35 in Quality Control and Quality Assurance. An organogram of Bio-
Manguinhos is given in Annex 11,

Bio-Manguinhos is currently producing yellow fever vaccine (ca 35 million
doses), measles vaccine (ca 15 million doses), OPV (cag 40 million doses using imported
bulk), meningitis vaccine, serogroup A + C (ea 3 million doses), tetanus toxoid (ca 10
million doses, shared production with IVB) and some diagnostic reagents for infectious
disecases.

Production, Yellow Fever. Yellow fever vaccine production is based on growth of
the virus in SPF chicken eggs, producing the embryo juice, which is subsequently
homogenized, stabilized, and freeze-dried. The seed lot derives from one developed in
1939, and has recently been demonstrated to be avian leukosis-free.

As the yellow fever production facility had recently been assessed by a team
from WHO, attention was focused only on the changes in production and control which
had been instituted since that visit, in December 1992, The team had made several
recommendations, relating to changes in the physical facility, validation of equipment
and maintenance records, and changes in the sterile water system.

The physical facility changes are being addressed through the preparation of a
plan for renovation, which has now been sent to the Director for approval. If approved
and funds are available, the renovation could start by the end of the year. It is expected
that the renovation, installation of equipment, and validation will take about one and
one-half years. During the down time, they expect to be able to meet production targets
by filling excess bulk stock which is now being built up.

A new water system will be part of the renovation. In the meantime, water from
the measles production facility is being used. The validation and documentation have not
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yet been completely addressed. They are in the process of developing SOPs, and the
Quality Assurance department has performed one quality audit.

Production flow is such that once homogenized samples are thawed for filling,
the vaccine is filled, freeze-dried, labelled, and packaged immediately, The packaged
vaccine then awaits release from Quality Control and from INCQS,

Measles Vaccine. Measles vaccine has been prepared at Bio-Manguinhos
following a technology transfer from Japan about 12 years ago. The strain is the Biken
CAM-70 strain, and vaccine is prepared in primary chick embryo cells made from SPF
eggs. The production process differs little from classical processes, with purification by
clarification, followed by stabilization, filling, freeze-drying, labelling and packaging,

Due to recent problems in thermostability of the vaccine, a concerted effort has
been made to improve it, with technical assistance of a consultant. Using a new
stabilizer and developing a new lyophilization cycle, thermostability has been increased
to up to 28 days at 37°C. They have also been working to solve problems with
contamination of cultures, inconsistent yields, and lack of standardization in process.

When harvest is delayed longer than nine or ten days after infection,
microbiological contamination becomes a real problem, affecting as many as 100% of
bottles of a particular lot. This loss is not evident by examination of the summary
protocols. Documentation of process, while probably complete, is difficult to follow, and
could be improved by use of interactive SOPs, or by better organization of files.

Final bulk lots are diluted to a potency of about 6.0 logs per ml before drying.
About 1.1 logs are lost on drying, and the final vaccine must pass potency requirements
of at least 3.7 logs per human dose after incubation at 37°C for seven days. Since filling
and freeze-drying follow immediately without waiting for Quality Control tests, the
rejection of a final bulk can become quite expensive in terms of costs for vials. Of ten
final bulk lots processed this year, four have been rejected, two because of low potency,
one because of contamination, and one due to a problem with the freeze dryer.

Each lot contains 200,000 doses in five-dose vial presentation. Thus, each lot
represents one lyophilizer cycle (which lasts about 50 hours). The lyophilizer runs twice
per week, and can be used for measles about 96 cycles per year. The total capacity for
production of bulk, assuming 15% loss in process for any reason, is about 37.5 million
doses per year. Because of the loss of lots so far this year, the unit will have to assure
two lyophilization cycles per week to supply the requested 13 million doses to FNS.

The freeze-drying section has recently acquired a new experimenta! lyophilizer
which will make future development of the freeze-drying process much easier than past
experience, which required experiments to be done on 40,000 vials.

Filling and freeze-drying. This operation is located in an adapted facility. The
filling line with capacity for 12,000 vials’hour consists of washing, sterilizing, cooling of
vials which are then filled with vaccine suspension in a clean area. There are two L80
Edwards lyophilizers with capacity for 42,000 5-dose vials, The protection against
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