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ABSTRACT

Obijective: To assess adherence to antibiotic prophylaxis and to describe the cost of prophylactic
antibiotics in Sickle Cell Disease (SCD). Methods: Cross-sectional study with 115 children.
Adherence was assessed through caregiver interviews and medical records. Costs and
posologies were assessed through the Brazilian SCD Guidelines. Results: 50.4% of the patients
were male. The mother was responsible for answers (83.5%) and the main caregiver (86.1%).
Maximum adherence was achieved in 45.2%. There was no statistically significant association
between adherence and the studied variables. The total cost was US$ 102,824.50. The average
annual cost per adherent patient was US$ 196.41. Conclusion: Adherence to prophylactic
antibiotics was low and actions are needed to increase it, even though the costs of this action
are low.

Keywords: sickle cell disease, antibiotic prophylaxis, medication adherence, costs and cost
analysis.

RESUMO

Objetivo: Avaliar a adesdo a profilaxia antibidtica e descrever os custos desta terapia em
criangas com Doenga Falciforme (DF). Métodos: Estudo transversal com 115 criancas. Adesao
foi avaliada através de entrevistas com cuidadores e prontudrios médicos. Os custos e a
posologia foram retirados do Protocolo Clinico e Diretrizes Terapéuticas para DF. Resultados:
50,4% dos pacientes eram do sexo masculino. A mae foi a principal responsavel por responder
as entrevistas (83,5%) e a principal cuidadora (86,1%). Adesdo maxima foi encontrada em
45,2% dos pacientes. Nenhuma das variaveis analisadas obteve diferenca estatistica. O custo
total da terapia profilatica foi de US$ 102,824.50. O custo médio anual por paciente aderente
foi de US$ 196.41. Conclusédo: A adesédo a antibioticoterapia profilatica foi baixa e a¢des sdo
necessarias para melhora-la, apesar do baixo custo desta acdo de salde.

Palavras-chave: anemia falciforme, aderéncia a medicacdo, custos e andlise de custo,
antibioticoprofilaxia.

1 INTRODUCTION

Hemoglobinopathies represent the most prevalent genetic diseases in the population, the
set of hemoglobin combinations SS, SC, SD, S/Beta Thalassemia, S/Alpha Thalassemia is
called Sickle Cell Disease (SCD), which is a public health problem with great clinical, social
and epidemiological impact®. According to data from the National Newborn Screening Program
(PNTN), about 3,500 children/year are born with SCD in Brazil, corresponding to 1/1,000 live

births. In the state of Minas Gerais, where this study was conducted, SCD with homozygous
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SS, or Sickle Cell Anemia (SCA), has an incidence of 1:14002%3. In Brazil, the PNTN was first
implemented in Minas Gerais in 1998 and consolidated in all units of the federation in 20122,

Infectious complications are an important cause of mortality in SCD worldwide,
improvements in medical care in the past decades have been increasing the survival of children
and allowing more patients to reach adulthood, in Brazil, around 37.5% of all deaths in SCD
happen before the patient reaches nine years*. These measures include early diagnosis in
newborns through the heel prick test, immediate referral to specialized centers for outpatient
control of these children, additional vaccination, prescription of folic acid and prophylactic
penicillin therapy for regular use*®. In countries where newborn screening for
hemoglobinopathies was instituted, mortality decreased from 8% to 1.8%, due to earlier
diagnoses and immediate monitoring of patients in specialized centers®.

In Minas Gerais, the mortality rate in children with SCD is 5.6%, with the most common
cause of death being an episode of pneumonia/acute chest syndrome followed by sepsis’.
According to Branco (2007), patients with chronic diseases have serious difficulties in adhering
to recommendations suggested by the health team, and low adherence can be identified as the
main cause for increased morbidity in SCD patients®2°,

The criteria for analyzing treatment adherence are complex, and there is insufficient
knowledge of the necessity for antibiotic prophylaxis among parents and healthcare
professionals®*!. This makes low adherence a common problem in outpatient clinics, requiring
greater efforts to identify patients at higher risk for non-adherence!®®, SCD represents an
important cost for the Brazilian Public Health System (SUS), due to continuous use of
medications, regular multidisciplinary consultations, expanded immunization schedule,
periodic hematological examinations; blood transfusions and frequent hospitalizations?.

The objectives of this study were to assess adherence to prophylactic antibiotics in
children with SCD, to analyze factors that may influence adherence, and to describe the cost of

prophylactic antibiotics for SUS.

2 METHODS

Quantitative cross-sectional retrospective study in a sample of 126 children born
between March 1998 and April 2007 diagnosed with SCA or heterozygous SCD (SC, Sptal®,
Sptal” and SD).

Inclusion criteria were: being diagnosed with SCD by a standardized methodology
adopted (isoelectric focusing followed by high performance liquid chromatography) by the

Federal University of Minas Gerais (UFMG), having outpatient follow-up at Fundacéo
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Hemominas Juiz de Fora (JFO), and having signed the Informed Consent Form (ICF).
Exclusion criteria were: diagnosis by another methodology, non-adherence to the JFO follow-
up protocol, death and transfers.

In total, 11 patients were excluded, 4 due to death before signing the ICF and 7 due to
loss of follow-up. The final study population was 115 children. The variables studied were: sex,
type of SCD, maximum adherence, education of the main caregiver and socioeconomic profile.

Medical records were reviewed to obtain clinical data, and a semi-structured interview
composed of eight questions adapted from Bitardes et al (2008)* was performed to assess
adherence'®. The interviews were carried out individually with the main caregivers at JFO.
Maximum adherence was defined through regularity of medication intake (daily use with 12
hour intervals) and adequate dosage.

For the socioeconomic profile, a questionnaire from the National Institute of
Educational Studies and Research (INEP) was applied 6. All of the patient’s caregivers signed
the ICF before data collection.

The total number of phenoxymethylpenicillin vials used by the child was assessed using
the Brazilian Ministry of Health’s Clinical Protocol and Therapeutic Guidelines for SCD*". The
price of phenoxymethylpenicillin was extracted from the Brazilian Medicines Market
Regulation Chamber (CMED) 8, This study adopted the Maximum Consumer Price (MCP)
from CMED’s latest version, and a Tax on Circulation of Goods and Services rate of 18%. The
total cost for each patient was calculated multiplying the total number vials used and the unit
value of each item?8,

We considered the version of the phenoxymethylpenicllin dispensed by our institution's
pharmacy, the 60 milliliters reconstituted solution bottle of oral Penicilin 80,000 IU/ml, with a
MCP of US $ 4.79 for each vial 8,

The prophylactic regimen recommended from diagnosis to 5 years of age (oral) is?:

* Children up to 3 years old: 125 mg (equivalent to 200,000 IU or 2.5 mL) every 12

hours (250 mg/day);

* Children aged 3 to 5 years: 250 mg (equivalent to 400,000 IU or 5 mL) every 12 hours

(500 mg/day).

The Total Average Cost (TAC) of Phenoxymethylpenicillin was calculated as follows:
The total number of vials needed was a result of the number of days each child lived until the
moment of the interview, considering maximum adherence to the medication schedule,
multiplied by the daily dosage recommended in each age group. Then, this total number of vials

was multiplied by the unit price of the medicine, finding the total cost for each individual. The
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TAC was found through the average of all total costs in the research. For the average annual
cost, the TAC of each child was divided by their age at the moment of the interview.

The cost perspective adopted is that of SUS paying for the SCD treatment to service
providers and reference centers. The methodology used is Bottom up, in which we start from
unit values to estimate the total values. The costs are presented in US dollars (exchange rate 1
US = BRL 5.47 on February 1, 2022).

Quantitative data were stored in Excel 2003® and subjected to statistical analysis using
SPSS14®. The research was approved and registered with the Research Ethics Committee
under No. 3.489.059 and No. 419.415.

3 RESULTS
Of the 115 children in this study, 50.4% were male and 53.4% had SCA (Figure 1). The
mother was the main responsible for the answers (83.5%) and the main caregiver who

administered the medication (86.1%).

Figure 1. Genotypes of Sickle Cell Disease in this Study

Genotype

W HbSS (SCA): 53.9%
HbSC: 33.9%

W Hbsptal?: 7.8%

W HbSD: 2.6%
HbSBtal+: 1.7%

Source: The Authors

Maximum adherence was defined through regularity of medication intake (daily use
with 12-hour intervals) and adequate dosage. In this study, maximum adherence was identified
in 45.2% of the sample, and 26.1% of children missed taking the medication at least 5 times.
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Table 1 shows the frequencies regarding the number of abstentions in the administration of
medication by the caregivers. The association between factors that influenced adherence is

shown in Table 2.

Table 1. Abstaining from prophylactic penicillin administration in children with SCD followed at JFO.

Abstentions Frequency (%)
None 45.2
1 or 2 times 16.5
30 4 times 12.2
5 times or more 26.1
Total 100

Source: Semi-structured interview adapted from Bitardes et al. (2008)

Table 2. Adherence to prophylactic treatment of children with SCD accompanied at JFO, depending on the
factors considered.

Factors Treatment adherence Total P-value
Yes (n,%) No (n,%)

Difficulty taking the medicine 0,07
No 38 (48.1%) 41 (51.9%) 79
Yes 11 (30.6%) 25 (69.4%) 36

Understands medical guidelines 0,26
Yes 36 (46.1%) 42 (53.9%) 78
No 13 (35.1%) 24 (64.9%) 37

Understands reason for the use of medication 0,87
Yes 32 (42.1%) 44 (57.9%) 76
No 17 (43.6%) 22 (56.4%) 39

Mother’s education level 0,15
< Fourth grade 22 (51.2%) 21 (48.8%) 43
> Fifth Grade 27 (37.5%) 45 (62.5%) 72

Source: Semi-structured interview adapted from Bitardes et al. (2008)

In 79 interviews, there were no reports of difficulty in administering the medication,
with a maximum adherence of 48.1% in this group. In 36 interviews, complaints about the
administration of penicillin were identified, determining an impact on maximum adherence,
which was 30.6%., the data showed a tendency for statistical significance (p = 0.07). The main

difficulty for caregivers was the taste of the medication and forgetfulness.
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When asked about if they understood the instructions given the multidisciplinary team,
78 respondents answered that they understood, in this group 46.1% of the children had
maximum adherence to treatment. Among the 37 respondents who answered negatively,
maximum adherence was 35.1% (p=0.26).

When asked about if they understood the reason for the use of antibiotic prophylaxis
(functional asplenism), 76 parents responded positively, with 42.1% maximum adherence. In
the 39 interviews with negative answers, maximum adherence was 43.6% (p = 0.87).

Regarding the mothers’ education, in the group that studied up to the fourth grade of
elementary school, maximum adherence was 51.2%. Of the 72 mothers with education above
fifth grade, maximum adherence was 37.5% (p = 0.15).

Family income was less than minimum wage in 37.4% of the sample, between one and
two minimum wages in 35.7%, and between two and ten minimum wages in 26.9%. This
variable was not significant for maximum adherence (p = 0.98).

Taking into account what was recommended by the Ministry of Health, the total
expenditure with phenoxymethylpenicillin in the sample was US $ 102,824.50 (Table 3).
Considering only those who had maximum adherence (45.2%), this value was 47,922.65.

The Total Average Cost (TAC) per patient in the sample was US $901.97 (PD + 230.97)
and the average annual cost per patient was US $ 194.49 (PD +19.26). Considering only those
who had maximum adherence, the total average cost per patient was US $ 921.59 (PD + 229.58)
and the average annual cost per patient was US $ 196.41 (PD + 17.91). Table 3 shows the
average total and annual costs per patient in the age groups where there is a change in the dosage

of the medication.

Table 3: Average costs of antibiotic prophylaxis per patient

Age Average Total Cost Pattern-deviation Average Annual Cost Pattern-deviation
(US dollar) (PD) (US dollar) (PD)
< 3 years 297.31 +117.19 145.97 +0.00
3 to 5 years 736.29 +181.85 180.37 +18.19
> 5 years* 1021.76 +0.00 204.35 +0.00
Total 901.97 +230.97 194.49 +19.26

Source: Agéncia Nacional de Vigilancia Sanitaria - Anvisa. Camara de Regulacdo do Mercado de
Medicamentos (CMED) adapted by the Authors

4 DISCUSSION
Adherence is a complex multifactorial behavior, influenced by social and economic

factors (age, sex and socioeconomic level), factors related to the patient (knowledge, attitudes
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and beliefs), conditioning factors and treatment-related factors (the severity of symptoms and
diseases, the complexity of the medical treatment regime, the duration of treatment and adverse
effects), characteristics of the healthcare provider (communication, skills, training and
resources) and configuration (coverage of medicines, sharing of drug costs, access to
medication and clinical care)®°.

Although there are no totally reliable methods for assessing adherence, the use of
questionnaires is common in health research, as it is easy to apply and low cost, even though it
is not the most specific method for quantification?®. In the present study, the following
parameters were defined to quantify adherence: regularity in the administration and dosage of
the medication, with maximum adherence being characterized the child who never stopped
receiving the medication at the posological intervals. An analysis of the difficulties faced when
administering the drug was also performed.

Bitardes et al.!* (2008) and Rodrigues et al.l” (2020) discussed that the information
obtained from medical records should be considered an imprecise method for assessing
adherence!®1"2.22 The review of medical records in our study showed a maximum adherence
to prophylactic penicillin of almost 80%, which was not confirmed through the analysis of
interview data.

Assessing adherence is complex and difficult to quantify precisely, either by direct
methods (observing medication intake and administration) or indirect methods (questionnaires,
interviews, home visits and active search). Some authors report that methods of estimating
adherence, such as pill counts, drug withdrawal counts in pharmacies, or the measurement of
serum or urine drug levels, tend to overestimate adherence®%,

The number of children studied (n = 115) was higher than in most studies with similar
objectives!>?%?" and Teach et al.'® (1998) was the only one with a larger sample (123 children).
All of the sample was diagnosed with a single methodology, which enabled a homogeneous
sample.

In our study, 36 caregivers reported having difficulties administering the prophylactic
penicillin. According to Bitares et al.'* (2008) and Walsh et al.?® (2014), the main causes of
non-adherence were: beliefs about safety, medication effectiveness, taste of medication,
administration errors at home, forgetfulness of the caregiver and daily occupations as an
impediment.

In accordance to the literature, there was no significant association between adherence,
sex, education of the caregiver or family income. Understanding the medical guidelines and the

reasons behind the use of the medicine also showed no statistical significance, which was also
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observed by Bitardes (2008) et al. **. The mothers' education level did not guarantee a difference
in relation to non-adherence.

In our study, prophylaxis with phenoxymethylpenicillin did not represent a high
economical burden, costing the public health system annually US $ 196.41 (PD + 17, 91) per
patient with maximum adherence. Acute conditions, such as invasive pneumococcal disease,
are the main economic burden in children with SCD, due to their frequency and resources
needed for adequate treatment?®, a meta-analysis that included 880 children in three trials
showed that the use of prophylactic penicillin decreases the incidence of pneumococcal
septicaemia in children under the age of five years and the medication had a favorable safety
profilet!. A. Brazilian study showed that the antibiotic prophylaxis in children with SCD had a
cost-effectiveness that exceeded the expenses resulting from hospitalizations due to
complications of the disease®®. Therefore, prophylaxis with oral penicillin is a proven way to
avoid deaths in children with sickle cell disease.

The inclusion of oral penicillin (phenoxymethylpenicillin) in the national guidelines for
SCD, as an alternative to the injectable form, humanizes care for children with SCD, since they
must be administered this drug until five years of age?. However, even with the use of oral
penicillin, maximum adherence still did not surpass 50% in our study.

Robust studies evaluating the economic burden of SCD are rare, making it difficult for
a consensus to be reached in the literature. Inadequate adherence to antimicrobial prophylaxis
is common and can contribute to an unsatisfactory clinical control of the disease, increasing the
morbidity, mortality and costs due to infectious complications. The issue of “non-adherence”

is an opportunity for discussion among the multidisciplinary team involved in healthcare.

5 CONCLUSION

Actions to strengthen adherence are necessary, as they help to improve the quality of
life and increase life expectancy in SCD, while also reducing disease-related costs since
phenoxymethylpenicillin is relatively cheap and its use is not dependent on sophisticated
technology, contrary to the treatment of infectious complications. Increasing adherence may
involve factors such as better caregiver education, monitoring, access to pharmacy, family
support and/or the relationship with health professionals and training in the Health Care

network.
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