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Abstract:  The main objective is to describe the losses of the 

immunobiologicals per the type and to assess the financial costs of the 

mentioned losses in the municipality of Petrolina in the year 2013. Method: 

descriptive and quantitative documentary research. We analyzed the 

suspected immunobiological reports between January and December 2013. 

The Mann-Whitney and Kruskal Wallis tests were applied at the significance 

level of 5%, 95% confidence interval, using the program Stata 12.0. 

Approved by the Ethics and Research Committee of the University of 

Pernambuco CAAE 34873214.1.0000.5207. Results: a loss of 10,439 

vaccine doses was observed, with a total financial cost of R $ 72,864.2. Viral 

vaccines had the highest losses in the study (55.4%), with 6,373 doses lost 

and a total cost of R $ 45,007.7. Higher financial impacts were caused by 

influenza followed by pneumococcal 10. Conclusion: losses in the period 

were significant, both in percentage terms and in monetary values 

representing costs for health systems. 

 

Keywords: Costs; Vaccines; Immunization programs, Unified Health 

System. 

 

 

 
 

 

 

Introduction 

 

Vaccination has been prominent among public health instruments used by governments and 

health authorities as it can avoid vaccine-preventable diseases. Being responsible for the 

reduction in morbidity and mortality, leading to a consequent increase in the expectation and 

quality of life (Cunha, Krebs, & Barros, 2009). 
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However, many countries faces difficulties in acquiring this technology because of 

their costs or because they don't prioritize policies in this sense (Dias, Almeida, & Novaes, 

2014). 

In Brazil, the practice of vaccination began in the twentieth century as a strategy to 

control contagious diseases such as smallpox epidemics and yellow fever. However, 

vaccination campaigns reached low coverage and were discontinued (Brazil, 2013b). 

Thus, it was necessary to implement the National Immunization Program (PNI) in 

1971, promoted by the Ministry of Health, to coordinate actions that had been formerly 

discontinuous due to their episodic nature and limited coverage, to provide synchronization 

and rationalization. The PNI's main objective is the eradication and / or control of 

immunopreventable diseases through basic vaccination strategies (Brazil, 2001). 

The PNI serves as a worldwide example, being a reference for immunization actions 

(Pereira, Neves, Gemelli, & Ulbricht, 2013). It is guided by nationally established technical 

standards for the conservation, handling, transport and application of immunobiologicals, as 

well as scheduling and evaluation aspects (Brazil, 2001). At the same time, it coexists with 

basic problems such as physical losses of the immunobiologicals due to problems in the 

''Chain of Cold'' (Pereira et al., 2013). 

It is necessary to maintain the vaccines in ideal conditions of conservation, using 

suitable facilities and equipment. Improper handling, faulty equipment, or a lack of electrical 

power can interrupt the cooling process. When necessary measures are not taken in these 

intercurrences, there is a impairment in potency and efficacy, leading to immunobiologicals 

being placed under suspicion or even to their losses (Brazil, 2001). 

Within this scenario, nurses constitute the professional technically responsible for the 

supervision of immunization actions, since they have skills and technical knowledge about 

immunobiologicals. There are specific ministerial norms and protocols for preparation, 

administration, transportation, conservation and thermal control, which must be followed in 

order to avoid unnecessary losses (Brazil, 2014a). 

Loss monitoring is important for proper management of the system, since 

immunobiologicals are high-cost products for public health and may burden the Unified 
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Health System (SUS) budget by wasting important resources for the prevention of various 

immunopreventable diseases (Cunha et al., 2009).  

The objective of this study was to describe the losses of immunobiologicals per the type and 

to assess the financial costs of the said losses in the municipality of Petrolina in the year 2013. 

 

 

Methods 

 

A documentary descriptive investigation with a quantitative approach was carried out, 

including the immunobiological losses in the Health Units of the city of Petrolina, 

Pernambuco. Located 722 km from the capital of Pernambuco, Petrolina has a population 

estimate of 337,683 inhabitants, population density of 64.44 inhabitants per km² (IBGE, 

2016). 

The study was composed of a description of the immunobiological losses and the 

financial costs through suspected immunobiological reports sent by the health units of the 

municipality to the VIII Regional Health Management (VIII GERES) and evaluated by the 

technicians of the central level of the State Department of Health of Pernambuco (SES / PE). 

We analyzed 48 reports referring to 28 health units, which contained information on 

losses of immunobiologicals from January to December 2013 and that were analyzed by the 

coordination of the PNI of SES / PE. All non-correspondent reports were excluded, as well as 

the ones not in the period established by the survey and the ones not analyzed by the NES 

coordination of SES / PE. 

The data were obtained through the application of a form developed by the 

researchers, composed of the following variables: health unit address, date of 

immunobiological notification under suspicion, type of vaccine, total doses lost per vaccine 

and value of loss by immunobiological. 

The survey of the lost doses and their financial costs were collected from the reports of 

the state PNI in response to the notifications sent by the municipality through the VIII 

GERES. All necessary data found in these reports were transferred to the collection form, 

where a number of 388 (n = 388) occurrences of immunobiological losses were found, 

meaning the number of times each immunobiological appears in the reports, referring to 17 

types of vaccine. 
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These vaccines have been classified as viral: all of which are intended to protect 

against diseases caused by certain types of virus (influenza, human oral rotavirus vaccine 

(VORH), human antirabies vaccine (VARH), polio vaccine 1, 2 and 3 inactivated (IPV), Polio 

vaccine 1, 2 and 3 attenuated (OPV), hepatitis B, chickenpox, triple viral, tetra viral and 

yellow fever). In bacterial: those that are indicated to protect against some types of bacteria 

(meningococcal C, BCG, double adult (dT), triple bacterial (DTP), pneumococcal 23-valent 

and 10-valent pneumococcal). And in compounds: those that have mechanisms of defense 

against both some type of virus and some bacteria (pentavalent). 

It should be emphasized that the vaccines were analyzed both individually and 

according to their characteristics. Costs were also analyzed by individual and aggregate, based 

on their total, unit and average values. All information was recorded in the Microsoft Excel 

2013 program and analyzed by descriptive statistics, measures of central tendency and 

dispersion. The Mann-Whitney and Kruskal Wallis tests were performed considering the non-

normality of the data by the Shapiro Wilk test (p <0.001) at a significance level of 5%, a 95% 

confidence interval, using the statistical program Stata 12.0 and the results being presented in 

tables. 

The accomplishment of this study took into consideration the ethical aspects of the 

research involving human beings recommended by the Resolution Nº. 466, of December 12, 

2012, of the National Health Council (CNS, 2012). The project was approved by the Human 

Research Ethics Committee of the University of Pernambuco, under CAAE nº. 

34873214.1.0000.5207. 

 

 

Results 

 

The main reasons for the losses of the immunobiologicals evaluated in the study were 

avoidable causes such as lack of energy, inadequate conditioning, equipment failure, 

accidental disconnection of the socket and disconnection of the circuit breaker. 

From the analysis of the reports, it was observed that the months that presented the 

highest number of occurrences were January 90 (23.2%), April 79 (20.4%), February 49 

(12.6%), and months which had the lowest loss index was July 7 (1.8%) and December 7 

(1.8%). 
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A total of 10,439 missed doses were reported, representing an average loss of 614 

doses (SD = 485) per vaccine, ranging from a minimum of one dose lost to a maximum of 

1690 per immunobiological dose. The monetary losses reached R $ 72,864.2, representing an 

average loss of R $ 4,286.1 (SD = 4.918.4) per type of vaccine. A significant variation of the 

sample was observed both in losses and in financial values (p <0.05). 

Viral vaccines had the highest losses in the study, accounting for 215 occurrences 

(55.4%), a total of 6,373 doses lost with a total cost of R $ 45,007.7. 

The bacterial vaccines presented 147 (37.9%) occurrences, with a total of 3,692 doses 

lost with an average of 25 doses (SD = 19) costing R $ 25,619.8 (mean value of R $ 174.3 

(SD = 294.3). 

The vaccines classified as compounds were the ones that presented the lowest 

frequency and were responsible for 26 occurrences (6.7%), with a total of 374 doses lost and 

with a monetary value of R $ 2,236.8 representing an average cost of R $ 86.0 (SD = 61.3) 

(Table 1). 

 

Table 1 – Distribution of occurrences, missed doses and total value according to 

immunobiological category. Petrolina, 2013. 

Vaccine 

Occurrences Doses lost 
p-

value 

Total value per 

immunobiological (R$) p-

value 
n % IC95% 

Doses 

Total  

Mea

n 
SD Value Mean SD 

Viral 215 55,4 50,4 60,4 6.373 30 43 
0,0245

* 

45.007,7     209,3 352,8 

0,0001

* 

Bacterial 147 37,9 33,0 42,7 3.692 25 19 25.619,8    174,3   294,3 

Compound 26 6,7 4,2 9,2 374 14 10 2236,8      86,0 61,3 

Total  388 100,0     10.439 614 486   72.864,2 4.286,1 4918,4 

* Kruskal Wallis test to evaluate the mean difference in the number of doses lost by immunobiological. 

 

 

There was a significant difference between the occurrences and doses lost according to 

immunobiological type (p <0.05). Of the 17 vaccine types that presented loss occurrences, the 

most frequent were: VARH, hepatitis B and VORH. It was observed that the vaccines that 

compose the basic vaccination schedule were the ones that presented the greatest number of 

doses lost, among them influenza with 1,690 doses in 15 occurrences, POV that lost 1,250 

doses in 22 occurrences and Hepatitis B with 1,220 doses lost in 41 occurrences (Table 2). 
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Table 2 - Descriptive statistics, proportional distribution and financial value of losses 

per type of immunobiological. Petrolina-PE, 2013 

Vaccine 

Occurrences Doses lost 

p-value n % IC95% 
 Doses 

Total 
Mean SD 

Viral               

Influenza 15 3,9 1,9 5,8 1690 113 112 

0,0001* 

VORH 39 10,1 7,0 13,1 447 11 7 

VARH 44 11,3 8,2 14,5 365 8 6 

IPV 28 7,2 4,6 9,8 1250 26 19 

OPV 22 5,7 3,4 8,0 720 57 26 

Hepatitis B 41 10,6 7,5 13,6 1220 30 26 

Chickenpox 1 0,3 -0,2 0,8 1 1 
 

Triple Viral 23 5,9 3,6 8,3 660 29 23 

Tetra Viral 1 0,3 -0,2 0,8 15 15 
 

Yellow Fever 1 0,3 -0,2 0,8 5 5 
 

Bacterial                 

Meningococcal C 32 8,3 5,5 11,0 551 17 17 

0,0001* 

BCG 29 7,5 4,8 10,1 980 34 21 

DTP 26 6,7 4,2 9,2 780 30 17 

dT 30 7,7 5,1 10,4 900 30 16 

Pneumococcal 23 8 2,1 0,6 3,5 81 10 16 

Pneumococcal 10 22 5,7 3,4 8,0 400 18 13 

Compound                 

Pentavalent 26 6,7 4,2 9,2 374 14 10 

 Total  388 100,0     10.439 614 486 - 
SD – Stantard Deviation. * Kruskal Wallis test to evaluate the mean difference in the number of doses lost by 

immunobiological. 

 

 

Regarding the financial cost of vaccinations, the ones that caused the greatest impact 

were influenza with a total cost of R$ 14,588.0 and an average cost of R$ 970.5 (DP = 964.0) 

per occurrence, Pneumococcal disease with a monetary value of R$ 12,566.3 and an average 

cost of R$ 571.2 (SD = 395.3) and meningococcal C with a cost of R $ 10,135.7 (average 

value R$ 316.7, SD = 303.9). The highest value added evidenced by the higher unit price 

were pneumococcal 10 (R$ 31.4), tetra viral (R$ 28.3) and VARH (R$ 26.5). 
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Regarding the location of the Health unit of the occurrence, the rural zone had the 

highest number of occurrences. However, the urban area represented the highest cost with 

losses of R$ 41,938.7 (Table 3) 

 

Table 3 - Distribution of total and unit values of losses per type of immunobiological. 

Petrolina-PE, 2013 

    Vaccine 

Total value per imunobiological 

(R$) 
Unitary 

Value  

(R$) 

p-value 

Value  Mean SD 

Viral         

 Influenza 14.558,0    970,5 964,0  8,6 

0,0001* 

VORH   9.206,4    236,1 150,0 20,6 

VARH   9.665,0    219,7 159,8 26,5 

IPV  3.799,7    135,7 90,0  5,3 

OPV      845,5      38,4 17,9 0,7 

Hepatitis B   1.729,7      42,2 38,1 1,4 

Chickenpox       22,1      22,1 
 

 22,1 

Triple Viral   4.752,0    206,6 165,9  7,2 

Tetra Viral      424,3   424,3 
 

28,3 

Yellow Fever         5,1       5,1 
 

 1,0 

Bacterial       

 Meningococcal 

C 
10.135,7    316,7 303,9 18,4 

0,0001* 

BCG   1.078,0      37,2 23,9 1,1 

DTP      362,7      14,0 8,2 0,5 

dT      342,9      11,4 6,5 0,4 

Pneumococcal 

23 
  1.134,2    141,8 223,0 14,0 

Pneumococcal 

10 
12.566,3    571,2 395,3 31,4 

Compound         

Pentavalent   2.236,8      86,0 61,3 6,0 

 Total  72.864,2 4.286,1 4918,4    - 

Zone         

 Urban 41.938,7 242,4 411,4 

 
0,0206** 

Rural 30.925,5 143,8 213,2   
SD – Standard Deviation * Kruskal Wallis test to evaluate the difference in the mean of the immunobiological 

values per the characteristic. ** Mann-Whitney test 
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Discussion 

 

The financial costs of the immunobiological losses reported in the present study 

obtained high financial values reaching R $ 72,864.23 in one year. Such expense is related to 

reasons such as lack of power, improper packaging, equipment failure. Attention is drawn to 

the avoidability of such losses from the follow-up of protocols and care inherent in 

professional activity. 

This value points to the need for changes, since this amount could be invested in new 

technologies, equipment and training (Pereira et al., 2013). This shows how much these losses 

can impact at raising public spending, as well as a resource constraint in the health sector. 

Health organizations need to pursue efficiency, increase productivity, and lower costs. It is 

necessary to align resources and actions to avoid waste (Castro & Castilho, 2013). 

Studies conducted in other states demonstrate how significant these expenditures are. 

One of these studies analyzed the losses of rotavirus and triple viral vaccines in vaccination 

rooms in a city of Minas Gerais. Its result showed a loss of (R$ 22,206.16), and this value was 

also considered high since the analyzed period was only six months and that only two 

vaccines included in the NIP were evaluated (Dias et al. Al., 2014). 

Another study carried out with the objective of analyzing the distribution of vaccines 

in the PNI, as well as the dose losses in the Basic Health Units of a municipality in the 

metropolitan region of Curitiba (PR), showed an annual loss of around R$ 1,000,000, 00 (one 

million reais) with vaccine losses. A total of R$ 3,948,147.00 in losses in the period studied 

from 2007 to 2010 (Pereira et al., 2013). 

Thus, the relevance of the training contained in the manuals, besides the supervision 

and monitoring of the process, as well as the maintenance of the refrigeration equipment can 

be perceived. It is also necessary to have strategic resources to guide measures to prevent and 

control the risk associated with the occurrence of this type of event (Brazil, 2013a). 

Viral vaccines showed a higher occurrence of loss and consequently a large number of 

missed doses, and may be associated with large temperature fluctuations due to defective 

equipment, lack of energy, leading to an increase in temperature. Such an event may 

compromise the immunogenicity of these vaccines. Some of the vaccines classified as viral 

are more sensitive to high temperatures (> 8 ° C). Bacterial and composite vaccines, however, 
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are more sensitive to low temperatures, with most of them having a higher tolerance at 

elevated temperatures. However, these temperature changes can also make them unusable 

(Brazil, 2014b). 

It is important to point out that the vaccines of the basic calendar had a higher number 

of occurrences of losses when compared to the special immunobiological ones. This may be 

since the number of routine vaccines in the health service is higher than the number of special 

immunobiologicals that are available to serve the population only when there is a medical 

request, that is, in emergency situations or when there is an indication especially for its use 

(Brazil, 2014a). 

The immunobiologicals that obtained the highest number of missed doses were 

influenza, OPV and hepatitis B. The losses related to influenza vaccines and oral polio may 

possibly be due to the annual vaccination campaigns, where a larger number of doses are 

available to meet the target public, these losses may have occurred in that period. Another 

possible cause is requesting doses in excess, but it may also be associated with the lack of 

vaccine coverage leading to a higher stock of these vaccines. 

It is important to consider that the inventory of immunobiologicals in the Health Units 

should not be greater than the quantities foreseen for consumption, and in campaigns, only the 

quantities necessary to attend the target public estimated in the period established for the 

campaign should be maintained (Bahia, 2011). 

A study carried out with the objective of increasing the number and identifying the 

causes of avoidable immunobiological losses in the state of Paraná, in the period from 2009 to 

2012, presented similar findings to this study. Vaccines from the basic vaccination schedule 

were the ones that obtained a greater loss when compared as special immunobiologicals, 

representing a loss of 3,273,861 (95.2%) doses. Influenza, OPV and hepatitis B vaccines also 

showed significant losses and were rendered unusable, leading to financial losses for the 

municipality (Oliveira, Caveião, & Crosewski, 2014). Given this, we realize that this is not a 

unique reality of Petrolina. 

Of the vaccines that presented greater financial loss, among them influenza, is justified 

by the large amount of doses lost, which caused a high cost. The 10-valent pneumococcal 

which unit value being is the highest among all the vaccines that recorded losses, caused a 

great impact on the financial value. Meningococcal C has a significant unit value, which 
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associated with the amount of missed doses, generated a higher cost than other 

immunobiological ones. 

It should be noted that immunobiologicals require a high cost for public health and its 

loss implies not only financial impact, but also represents a shortage of the service directed to 

attend the population and keep controlled the immunopreventable diseases (Oliveira et al., 

2014). 

It is important to emphasize that these resources cannot be wasted because they act in 

the prevention, eradication, elimination and control of immunopreventable diseases, leading 

to the reduction of morbimortality by certain diseases, and their use is very cost-effective. 

Viral and bacterial vaccines, either attenuated or inactivated, are effective and stimulate the 

production of memory cells. These cells will allow the rapid production of specific antibodies 

at the time of exposure to the causative agent (Brazil, 2014a). 

Analyzing the occurrence of events according to the location of the Health Unit, there 

was a greater frequency of losses in the rural area, which may be related to a precarious 

infrastructure. Another factor that may occur more frequently in the rural area is lack of 

energy, as well as the difficulty of access, making it difficult to transfer the 

immunobiologicals to another location, in the face of some occurrences. 

Although the rural area presented a greater number of losses, it was possible to 

observe that the occurrences of losses with greater financial value were in the urban area. 

Such concentration in the urban area may be related to a higher stock of vaccines. 

The vaccines were discarded from the information passed by the professionals in the 

reports. Such conduct may have been taken by the difficulty and costs to conduct dose 

retreats, since vaccines are thermosensitive and probably exposure to temperatures outside the 

established has generated loss of their immunogenic potential. The cost to PNI for the 

evaluation of vaccine potency (retests) is high and requires an extended time for verification. 

Therefore, the National Institute of Quality Control in Health, evaluates the document 

indicating, when appropriate, the quantitative necessary for the analysis (Brazil, 2013b). 

In this context, it is emphasized that the activities of the vaccination room are 

developed by the nursing team, so it is their responsibility to transmit the information 

correctly, communicating the various changes (Brazil, 2014a). In this way, the permanent 

education of the professionals has great potential, and can contribute both to the reduction of 
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avoidable losses and mainly to ensure the quality of the immunobiologicals (Soares, Olivo, & 

Silva, 2011). 

It is important to emphasize that immunobiological costs go beyond those mentioned 

in this study, if we consider other issues such as the delivery of these resources. A study 

conducted in India in May and June 2011 to describe the organization, vaccine coverage, and 

delivery costs of the less expensive oral cholera vaccine using existing public health 

infrastructure in Odisha, India as a model found that the cost of delivery of the vaccine was $ 

0.49 per dose excluding shipping (Kar et al., 2014). 

The World Health Organization (WHO) considers that cost analysis for funding the 

Comprehensive Multiannual Plan for Immunization is a key factor in the planning process, as 

it assists in making decisions about program improvements, in addition to generating 

information that contributes to mobilize the resources needed for vaccines and immunization 

(WHO, 2006). 

Conducting studies on the loss of vaccines helps to define vaccination policies that seek 

excellence. In addition, it is important to note that these can guide managers and health 

professionals as to the actions necessary to minimize them, as well as to alert to the waste of 

public expenditures (Dias et al., 2014). 

 

 

Conclusion 

 

The present study identified that the vaccines of the basic vaccination schedule, such 

as OPV and influenza and hepatitis B, showed the highest losses of doses and that the 

occurrences with greater financial value besides the losses of the viral vaccines. These results 

are worrying, since these losses of immunobiological were due to preventable causes, which 

reflects the disruption of the health service in which the nurse is responsible for the 

management.  

Thus, it is suggested the need for the nursing professional to reflect on the 

organization of the services regarding requests for immunobiologicals proportional to the 

demand, as well as the training of these professionals to assure the quality of the vaccines and 

the immunization of the population with the certainty of the immunobiological efficacy. In 

addition to the possible replacement of refrigeration equipment. 
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