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ABSTRACT

Introduction: Immunobiologicals are of great importance for the prevention and
eradication of diseases. However, the lack of maintenance of the cold chain generates
several problems related to losses of these substances, burdening an important
amount of public resources. Objective: To analyze vaccine losses in a Health Region
(Regido Ampliada de Saude Oeste) of Minas Gerais State in Brazil. Methods: This is
a descriptive study, based on secondary data obtained through forms used by the
regional health agency (Superintendéncia Regional de Saude, SRS), to register
losses of immunobiologicals due to temperature changes. Forms from February
2016 through January 2018 were analyzed. The data was organized and validated
by double typing. Results: Vaccine losses were caused by lack of electrical energy
(40.83%), followed by equipment failure (36.67%), and professional error (10%). As a
consequence, 17,229 bottles of vaccines (65.78%) were discarded, corresponding to
111,145 doses. The financial loss was R$ 604,340.31. Conclusion: Losses of vaccines
due to temperature changes were relevant in the studied region, damaging the budget
for the local health network. Therefore, it is suggested that measures to minimize
these losses should be adopted.

Keywords: vaccines; storage of substances; products and materials; biological products;
refrigeration.

INTRODUCTION

The National Immunization Program (Programa Nacional de Imunizagdes - PNI)
was created in 1973 by the Ministry of Health (MS), using basic vaccination strategies,
which were developed to contribute to the control and eradication of vaccine-prevent-
able diseases, cooperating with the maintenance of population health’.

In order to maintain their immunogenicity and efficacy, vaccines need to be kept
at controlled and ideal temperatures, until the time of use®. The PNI has rules that
must be strictly respected for the proper conservation of these substances. Such stan-
dards provide for the adequacy of vaccine rooms, which concerns lighting, organiza-
tion, cleaning, provision of necessary materials and adequate training of professionals

who will handle vaccines or work in vaccination rooms’. This training ranges from the
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correct techniques to perform the procedures to knowledge about
the Cold Chains (Rede de Frio — RF and Cadeia de Frio - CF)*.

The RF is a technical-administrative system to sustain CF,
through normative actions, planning, evaluation and financing®.
CF is the management system that involves the storage, conser-
vation, handling, distribution and transport of immunobiolog-
icals used in immunization programs, with the ultimate goal
of ensuring the support of their immunogenic characteristics.
Maintaining the integrity of the CF is a major challenge that de-
mands complete integration between the different levels, requir-
ing responsibility and commitment from the immunization ser-
vices and MS teams™*.

The lack of CF maintenance generates several problems relat-
ed to significant losses of immunobiologicals, these losses being
technical and physical. The technical loss can be considered jus-
tifiable, as, for example, after the opening of a multidose bottle,
there may not be enough population for vaccination, and then
the time limit for its use occurs. The physical or preventable loss
happens due to handling errors, conservation problems, loss of
validity, among others, which can be caused by the incapacity of
the professionals involved in the vaccination and maintenance
process of CF".

Although there are rules for the proper packaging and con-
servation of vaccines, and also for monitoring losses, there are
several obstacles in health units, which can interfere in maintain-
ing the quality of immunobiologicals, causing suspicion or even
loss. Problems such as the lack of adequate immunobiological
refrigeration equipment, the packaging of other products in this
equipment, the absence of a preventive/corrective maintenance
program, the absence or incorrect use of thermometers indicating
maximum and minimum temperatures, the exposure of vaccines
to temperatures inadequate, incorrect temperature verification,
among others, directly interfere with the pharmacological char-
acteristics of immunobiologicals, changing their effectiveness®®.

The professionals’ lack of knowledge about CF norms, regard-
ing the packaging, handling and transport of vaccines is anoth-
er problem that directly interferes with the immunobiological
offered to the population. The inadequate knowledge of profes-
sionals in the vaccination rooms and the little understanding of
the damage caused by temperature changes, contribute to the
fragility of the maintenance of RF and are related, in most cases,
to the inadequate conservation of immunobiologicals and their
physical loss*™°.

As there are few studies related to the evaluation of the organi-
zational and operational aspects of immunobiologicals, especial-
ly when it comes to maintaining CF, it is necessary to know the
problems related to vaccine losses, especially preventable losses.
Although several advances have been made in the health system
in Brazil, there is a gap in management concerning the structural

and organizational aspects of vaccination rooms, which reinforces
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the importance of systematic supervision by the higher hierarchi-
cal levels of the health system!!.

Considering the importance of immunization in the process of
preventing diseases and improving the health of the population
and the fact that vaccine losses burden an important amount of
public resources, it is relevant to analyze this problem in order to
know the determinants of the problem and suggest measures that
can act directly in preventing these losses.

Thus, the objective of the study was to analyze the vaccine loss-
es in a Health Region (Regido Ampliada de Satde Oeste) of Minas
Gerais, Brazil, due to temperature changes, describing the main
determinants of the losses of immunobiologicals, and identifying

the preventable causes among vaccine losses.

METHODS

This is a descriptive study, based on secondary data, conducted
in a Health Region (Regido Ampliada de Satide Oeste) of Minas
Gerais, Brazil, in 2018.

The state of Minas Gerais is divided into 13 Health Regions,
which are: Sul, Centro Sul, Centro, Jequitinhonha, Oeste, Leste,
Sudeste, Norte, Noroeste, Leste do Sul, Nordeste, Tridngulo do
Sul, e Tridngulo do Norte. The Regido Ampliada de Satde Oeste
is divided into six microregions and consists of 54 municipalities,
where there are 370 vaccination rooms, managed, at the region-
al level, by a regulation and distribution center, located in the
Regional Health Superintendence (Superintendéncia Regional
de Satde - SRS)'2. All municipalities in the studied region were
included in the study.

The data were obtained using the forms used by SRS, to as-
sess losses of immunobiologicals due to temperature changes.
These forms are filled out by those responsible for the municipal
vaccination rooms when there is a change in the temperature of
the refrigeration equipment and sent to the SRS. At SRS, forms are
scanned and filed. Subsequently, they are sent to the Secretary of
State for Health (Secretaria de Estado de Saude - SES), where there
is an official response through memos, regarding the measures
to be taken concerning immunobiologicals under suspicion. All
forms produced in the period from February 2016, which cor-
responds to the beginning of the filing, until January 2018,
which was the last month available in the collection period, were
eligible for the study. However, when searching the files, not all
forms were found, making verification with memos difficult.

Thus, the following variables were analyzed: year of occurrence,
municipality of occurrence, type of refrigeration equipment,
types of gauges existing at the location of the occurrence, rea-
son for the occurrence, temperature data at the time when a possi-
ble equipment failure was detected (refrigerator), the description
of the accident and the measures taken in relation to the vaccines,
the value of the loss with the unused vaccines, and the number
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of doses missed. The monetary values of the losses were consid-
ered according to the year 2018 and provided by the Regional
Technical Reference in immunization through the SUS Strategic
Inputs Information System (Sistema de Informagdo de Insumos
Estratégicos do SUS - SIES-DATASUS). For reasons of confiden-
tiality, the municipalities were identified by codes (e.g. M1), in
order of the highest occurrence of suspected losses.

Data collection took place between March and May 2018, after
consolidating the data for the year 2017 and January 2018. The data
were organized and validated by double entry, in the Microsoft
Excel 2016 software. The analysis was performed descriptively.

Although the data searched was secondary, it was not in the
public domain. Therefore, the study was submitted to the consent
of the SRS and approval by the Comité de Etica em Pesquisa da
UEMG/Divinépolis and approved under opinion No. 2,413,213.

RESULTS

During the study period, 138 forms were produced, but
not all were located. Only 120 (87%) were found. The year
with more occurrences (60, corresponding to 50%) was 2016.
Among the 54 municipalities belonging to the Health Region,
there were occurrences in 27 of them. The municipalities that
most notified were M1 with 28 occurrences (23.3%) and M2
with 22 (18.3%) (Table 1). The municipalities that had less than
five occurrences were classified as “Others” in order to opti-
mize the table.

Table 2 shows that 64 (53.3%) vaccination rooms where there
were occurrences had domestic refrigerators. Regarding the
types of gauges existing at the place of occurrence, the moment
thermometer, maximum and minimum digital is the most used,
with a total of 88 (73.33%) gauges.

The data in notification show that the maximum temperature
of vaccine storage reached levels above the ideal temperature in

97 occurrences (80.8%). Regarding the minimum temperatures,

Table 1: Characteristics of Forms for the Evaluation of
Immunobiologicals under suspicion in the Health Region (Regido
Ampliada de Saude Oeste) of Minas Gerais, 2016—2018.

Characteristics “ %

Forms
Located 120 870
Not located 18 13.0
Year
2016 60 50.0
2017 57 475
2018 3 2.5
Municipality
M1 28 23.3
M2 22 18.3
M3 15 12.5
M4 5 4.2
Others 50 417
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27 occurrences (22.50%) recorded temperature below the ide-
al. With regard to the temperature of the moment, there were
66 (55.00%) occurrences in which the temperature was outside
the range considered ideal, as described in Table 3.

Among the accidents that caused the occurrences, the re-
frigerator’s lack of capacity to maintain the ideal tempera-
ture was responsible for 41 (34.17%) of the equipment fail-
ures. Regarding the professionals’ mistakes, the thermal box
left open was mentioned 2 (1.67%) times. In other problems,
the lack of electricity in the municipality was described
49 (40.83%) times (Table 4).

Of the immunobiologicals placed under suspicion, 17,229 vials
(65.78%) were discarded, totaling 111,145 losses. The year with
the highest number of losses was 2016, with 71,050 (63.93%) dos-
es. Consequently, it was the year with the highest financial value
of losses, totaling R$ 352,498.97 (58.35%) (Table 5).

Table 2: Characterization of vaccination rooms where notifications
occurred in the municipalities of the Health Region (Regiao
Ampliada de Saude Oeste) of Minas Gerais, 2016—2018.

Characteristics “ %

Types of refrigerators

Domestic refrigerator 64 53.3
Refrigerated chamber 26 217
Cold chamber - cold chain 120 10.0
Cooler 8 6.7
Cold chamber 3 25
Cooler and cold room 1 0.8
Not informed 6 5.0
Types of gauges
Digital thermometer 88 73.3
Analog and digital thermometer 24 20.0
Analog thermometer 4 3.3
Digital and linear thermometer 1 0.8
Linear and analog thermometer 1 0.8
Not informed 2 1.7

Table 3: Temperature of the refrigeration equipment in the
vaccination rooms, at the time the occurrences were recorded,
in the municipalities of the Health Region (Regido Ampliada de
Saude Oeste) of Minas Gerais, 2016-2018.

| Temperature | N_| %

Maximum
0.5°C to 1.9°C 3 25
+2.0°C to +8.0°C 16 13.3
More than 8.0°C 97 80.8
Not informed 4 3.3
Minimum
-1.0°C to 1.9°C 27 22.5
+2.0°C to +8.0°C 64 53.3
More than 8.0°C 25 20.8
Not informed 4 3.3
At the moment
0.0°C to 1.9°C 12 10.0
+2.0°C to +8.0°C 50 417
More than 8.0°C 54 45.0
Not informed 4 343
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The monetary values of certain special immunobiologicals
and also, the values detailed by lost immunobiologicals, were not

made available, preventing a real valuation of losses.

DISCUSSION

To maintain vaccine coverage, it is essential to ensure the safety
of vaccines'. Although most of the losses were attributed to the
lack of electricity, considerable losses were observed due to equip-
ment failures and professional error. These two events could have

Table 4: Description of the occurrence and of the immunobiologicals
under suspicion of the Health Region (Regido Ampliada de Saude
Oeste) of Minas Gerais, 2016—2018.

Description of the accident “ %

Equipment failure
Refrigerator was not maintaining

the ideal temperature 41 o
Refrigerator was connected 'to the nobreak, 17
which was turned off, changing the temperature.
Digital thermometer_ failure, divergence of 0.8
values was found with the analog thermometer.
Professional error
The unit’s thermal box was left open 2 17
Inadequately closed cooler 1 0.8
Refrigerator door left open 1 0.8
Failure to check the temperature of the cooler 1 0.8
Vaccines left out of the fridge 1 0.8
Transport failure of immunobiologicals 1 0.8
Suspected vaccines discarded
without consulting regional L U
Others 4 3.3
Other occurrences
Lack of electricity in the municipality 49 40.8
Vandalism 9 75
Inadequate number of coolers to
store vaccines in the refrigerator 1 e
Not informed 5 417

Table 5: Outcome of immunobiologicals under suspicion of
vaccines in the Health Region (Regido Ampliada de Saude Oeste)
of Minas Gerais, 2016-2018.

_-_

Immunobiologicals under suspicion

Number of unused bottles 17229 65.8

Number of bottles used 8961 34.2

Total 26190 100.0
Losses

2016 71,050 63.9

2017 40,213 35.7

2018 402 0.4
Total 111,145 100.0

| [eemesTa

2016 352,498.97 58.3
2017 246,883.03 40.9
2018 4,958.31 0.8
Total 604,340.31 100.0

*Source: SIES-DATASUS
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been avoided had there been greater attention and monitoring of
equipment and temperatures.

Regarding human failures, experts emphasize the constant
need for permanent education for professionals who work
in vaccination rooms, since it was evident the direct influ-
ence of this professional gap leading to the loss of vaccines'*".
Thus, nurses should have greater participation in vaccination
rooms, to manage and supervise the adequate conservation of
the immunobiologicals that will be administered, and to evalu-
ate the performance of the nursing team, to have more participa-
tory and targeted monitoring for the improvement of the team,
aiming at the quality of assistance.

Only half of the municipalities in the region reported changes
in the temperature of immunobiologicals during the period stud-
ied. This data needs to be assessed with caution and presupposes
whether underreporting of cases is occurring in the region. It be-
comes necessary to pay attention to guidelines on the importance
of placing vaccines that have changed under suspicion, so as not
to pose risks to the health of the population®.

Permanent education must be designed to improve the tech-
nical quality of professionals so that they endorse the cold chain
of vaccine conservation and thus the quality of immunobiologi-
cals offered to the population. Studies show that the professionals
themselves note the need for a more effective update on the PNI,
the RF and the CE, noting that the Basic Units are not carrying out
such education, leaving only the health departments responsible
for such responsibility. Although the equipment made available
by the State is being modernized and becoming more effective,
without a qualified professional, such equipment will not be able
to ensure the quality of immunobiologicals'**>.

The predominance of the domestic refrigerator among the most
common equipment is similar to another study, which was carried
out in 253 vaccination rooms, where only two had a special re-
frigerator (Refrigerated Chamber) and the rest had the domestic
type refrigerator’. Although they are widely used for the storage
of immunobiologicals, and despite providing ease of acquisition
and low cost, domestic refrigerators are no longer recommended
by international bodies or by the MS for this practice, as they do
not offer safety and quality in relation to the maintenance of ideal
temperature for the conservation of these substances. Vaccination
rooms that use these types of refrigerators should require replace-
ment by refrigerated chambers'®"’.

A positive point in the records of vaccines under suspicion,
is the availability of thermometers in the vaccination rooms,
with more than five forms of gauges, which seem to fulfill the
function properly. There was only one occurrence that pointed
out problems with the existing gauges, which is opposed by an-
other study, which states that many digital thermometers, or ex-
tension cables, that measure the current, maximum and mini-

mum temperatures of vaccine rooms were apparently damaged?®.

Page 4 of 6


https://doi.org/10.7322/abcshs.45.2020.1261

Simdes NCS, Santos IF, Oliveira VC, Guimaraes EAA, Andrade HS

ABCS Health Sci. 2020;45:1261

It is understood, then, that such damage could influence the
correct measurement of temperatures, which makes it important
to emphasize that professionals should know the importance of
using the maximum and minimum thermometer, and take the
daily temperature reading. Standardization of gauging models by
municipalities would facilitate this monitoring.

The temperature changes perceived in this study confirm
the need for more modern equipment for vaccine rooms,
seeking to implement an automated system, aiming to reduce
errors related to changes in equipment temperatures and con-
sequently the reduction of vaccine losses. A study emphasized
that, even though the rooms record the temperatures of the re-
frigerators on the daily map, they were outside the values rec-
ommended by the PNI®*. The data logger and the Electronic
Refrigerator Recorder are examples of more modern equip-
ment that could be used in vaccination rooms to correct the
aforementioned problem, since they are digital data recorders
that monitor the temperature automatically and more often
than manual methods'®*"22,

In relation to vaccines placed under suspicion, most of them
were due to equipment failure, which was not maintaining the
ideal temperature. Immunobiologicals exposed to inappropriate
equipment, which pose a risk of temperature changes, are con-
stantly placed under suspicion. One of the causes of this prob-
lem is the option of many municipalities to carry out reparative
maintenance instead of preventive maintenance, as evidenced in
another study related to the quality of conservation and storage
of immunobiologicals®.

In cases of temperature variations outside the ideal standard,
it is recommended to immediately report what happened to the
municipal and regional reference bodies, to fill out and send a
specific form for the evaluation of immunobiologicals under
suspicion and to keep the vaccines at temperatures between +2
and +8°C until the final pronouncement*. Knowing this, a study
showed that, of 18 Family Health Strategies (Estratégias de
Saude da Familia - ESF) vaccination rooms, only 38.9% of tech-
nical supervising nurses perform the process mentioned above,
given the problem of submitting to inappropriate temperatures
of immunobiologicals®.

The financial loss to SUS with vaccines that were unusable
in the period under study reinforces the need to evaluate the
costs generated by avoidable losses, since this amount could be
destined for investment in new technologies. Study points out
some solutions, such as the manufacture of single-dose vac-
cines, the adoption of technologies that enable the use of less
thermolabile vaccines and the training of staff to work effec-
tively in vaccination rooms’.

With vaccines that were rendered useless, 111,145 doses
were lost. As also found in a study in which the loss of immu-
nobiologicals due to preventable causes was 3,437,552 doses’.

https://doi.org/10.7322/abcshs.45.2020.1261

Such doses could be being used for the immunization of the
population and reinforcing the prevention of diseases prevent-
able by the basic vaccination schedule and some special ones
available in the system.

A limiting factor of the study was the existence of records from
the last three years only, since the previous ones were discarded
without an informed reason. In addition, when data is shared be-
tween the involved bodies, some data relating to the number of
vaccines placed under suspicion is lost.

With the realization of the study it can be identified that
among the determining factors for the loss of immunobiologi-
cals, what stood out the most was the lack of electricity in the
city, which could be mitigated with the use of nobreaks in the
refrigerators, as recommended by the CE or by sending smaller
amounts of immunobiologicals to the municipalities most affect-
ed by this problem. The failure in the equipment also occupied a
prominent place, which reinforces, according to the CF, that the
use of domestic refrigerators is not the most suitable for the stor-
age of immunobiologicals. The analysis of the losses also showed
that the thermometers are widely used, however the temperatures
fluctuate well beyond the ideal temperature, making it possible to
inquire about the discontinuity of the care of the nursing staff in
the care of the vaccine rooms.

Although many studies highlight technical losses, this study
shows that the index of physical losses from vaccines, due to
temperature changes, in the studied region was relevant, which
burden SUS, as the value could be used for other important pur-
poses in prevention comorbidities. Among the factors already
mentioned, it should be highlighted the non-preventive mainte-
nance of the equipment, together with the professional’s mistakes,
which could have been avoided.

The importance of using and correctly filling out the Forms for
the evaluation of immunobiologicals under suspicion also needs
to be stressed for better monitoring of the PNI, and in order to en-
sure that the immunobiologicals that are offered to the population
preserve their immunogenic capacity.

Therefore, it is suggested the adoption of some management
behaviors of the Ministry of Health, together with the state and
regional health, which can help in reducing these losses, such as
the reevaluation of the calculation of the quotas for sending im-
munobiologicals, so that excess doses are sent. It is also necessary
to analyze the question of the response time of the regional offices
for the health units, in relation to vaccines placed under suspi-
cion, to avoid possible losses due to validity, since this analysis
must be taken as a priority.

However, it is hoped that this study can stimulate a process
of reflection to health professionals about the importance of su-
pervision, monitoring and evaluation of activities related to CE,
aiming to achieve greater effectiveness in the conservation and

manipulation of immunobiologicals.
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