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ABSTRACT

Objective: to evaluate the cost-effectiveness of point-of-care leukocyte analyzers to aid in the diagnosis of airway infections in
the SUS. Method: this is a cost-effectiveness study using a deterministic model developed from a decision tree. Results: the
use of devices to perform diagnostic tests at the point of treatment has become increasingly popular and accepted around the
world in view of the increased demand for care and the need to reduce the time it takes to return exam results to optimization
of outcomes. After the Roll Back of the decision tree, the most cost-effective strategy was a white blood cell count-driven clinical
investigation using the point-of-care analyzer to guide antibiotic prescribing. Conclusion: Evidence suggests that the use of POC
analyzers for WBC counts and differentials at the point of care is a cost-effective alternative as part of a strategy to aid in the
diagnosis and therapeutic management of cases of non-specific acute respiratory infections.
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RESUMO

Objetivo: avaliar o custo-efetividade de analisadores de leucécitos do tipo ponto de atendimento para o auxilio diagnostico de
infeccdes de vias aéreas no SUS. Método: trata de um estudo de custo-efetividade usando modelo deterministico desenvolvido
a partir de uma arvore de decisdo. Resultados: o uso de dispositivos para a realizagdo de testes diagndsticos em ponto de
tratamento tem se tornado cada vez mais popular e aceito em todo o mundo diante do aumento da demanda de atendimentos e
da necessidade de redugio do tempo de retorno dos resultados dos exames para otimizagdo dos desfechos. Apods o Roll Back da
arvore de decisdo, a estratégia mais custo-efetiva foi a de investigacdo clinica orientada por contagem de leucécitos utilizando o
analisador de ponto de atendimento para orientar a prescrigdo de antibioticos. Conclusao: as evidéncias sugerem que o uso de
analisadores POC para contagem de leucécitos e diferenciais no local de atendimento é uma alternativa custo-efetivo como parte
de uma estratégia para auxiliar no diagndstico e no manejo terapéutico dos casos de infegdes respiratérias agudas inespecificas.

DESCRITORES: Custo-efetividade; Leucograma; Doengas respiratorias agudas; Diagnostico laboratorial, Avaliacdo de tecnologias
em saude.

RESUMEN

Objetivo: evaluar la rentabilidad de los analizadores de leucocitos en el lugar de atencién para ayudar en el diagndstico de
infecciones de las vias respiratorias en el SUS. Método: se trata de un estudio de rentabilidad utilizando un modelo determinista
desarrollado a partir de un arbol de decisiones. Resultados: el uso de dispositivos para realizar pruebas de diagnéstico en el punto
de tratamiento se ha vuelto cada vez mas popular y aceptado en todo el mundo en vista de la mayor demanda de atencién y la
necesidad de reducir el tiempo que lleva devolver los resultados del examen a la optimizacién de los resultados. Después de la
reversién del arbol de decisiones, la estrategia mas rentable fue una investigacion clinica basada en el recuento de glébulos blancos
utilizando el analizador en el punto de atencién para guiar la prescripcién de antibiéticos. Conclusion: La evidencia sugiere que
el uso de analizadores POC para recuentos y diferenciales de GB en el punto de atencién es una alternativa rentable como parte
de una estrategia para ayudar en el diagndstico y manejo terapéutico de casos de infecciones respiratorias agudas inespecificas.

DESCRIPTORES: Rentabilidad; Leucograma; Enfermedades respiratorias agudas; Diagnostico de laboratorio, Evaluacién de

tecnologfas sanitarias.

INTRODUCAO

Respiratory diseases are an important public health prob-
lem and currently represent the leading cause of mortality in
children under five years of age. While upper respiratory tract
infections (URIs) are very frequent but rarely life-threatening,
lower respiratory tract infections (LRTTs) are responsible for more
serious illnesses such as influenza, pneumonia, tuberculosis, and
bronchiolitis, which are major contributors to mortality from
acute respiratory infections (ARIs).!**

The lymphocyte count as well as the neutrophil count (WBC)
can serve as a simple marker to discriminate between severe
bacterial and viral infections, and are better predictors of bac-
teremia than routine parameters such as the C-reactive protein
(CRP) level.'?

AtDest, test times can range from 4 to 48 hours, although the
recommended turnaround time is less than 60 minutes, allowing,
in the shortest amount of time, the healthcare professional to have
access to critical laboratory information to inform rapid treat-
ment decisions and monitor the patient’s therapeutic response.”*

In the Sistema de Gerenciamento da Tabela de Procedimentos,
Medicamentos e OPM do SUS (SIGTAP) the WBC test is regis-
tered in the group of procedures with diagnostic purpose, and
is considered a medium complexity test and financed by the
medium and high complexity.

Alternatively, there are technologies available in the national
market, known as point-of-care (POC) technologies, which en-
able WBC counting at the point of care. These technologies are
also known as point-of-care technologies and are increasingly
being used for screening or diagnostic purposes, although they
are still not widespread in Brazil #'

They are suitable for use in clinical laboratories and for point-
of-care testing, operated directly by the healthcare professional
during the care of pediatric (= 3 months) and adult patients.**°
The analytical accuracy and feasibility for WBC counts and dif-
ferentials is comparable to that of central laboratory analyzers.
The mean difference (bias) between the POC and the reference
test result was 1.1 109/L (95% limits of agreement of -6.5 to 8.8
109/L) for WBC count. The single measurement correlation
coefficient between the POC and the reference method was 0.988
(95% CI 0.980 - 0.992).1-12

In terms of accuracy, compared to central analyzers, the av-
erage coefficient of variation is quite small, around 2.22% (95%
CI 1.23 - 3.82%) for white blood cells, 2.44% (range 1.37-4.17%)
for neutrophils, 8.56% (range 2.46 -10.14%) for lymphocytes and
15, 2% (range 0.00-16.1%) for monocytes, demonstrating good
comparability between the methods, suggesting that POC is a
viable and relatively accurate method for WBCs among children,
although less accurate for differential counts of lymphocytes,
monocytes, and eosinophils.'?
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The use of POC has been shown to change the flow of care
and assist in triaging patients seen in emergency departments
by providing additional information that helped confirm the
patient’s clinical condition, aiding and positively impacting clin-
ical decisions."*™**

Although studies may suggest that this is a safe and reliable
technology, especially in terms of diagnostic accuracy, its costs
are still relatively higher than the tests performed in central lab-
oratories. In this sense, the question of this research is whether
the effectiveness of POC analyzers for leukocyte count at the
point of care and reduction of antibiotic prescriptions in SUS,
justifies their cost.

METHODS

This is a cost-effectiveness analysis study, with a static model
based on a decision tree to estimate the incremental cost-effec-
tiveness of using a care strategy in primary health care units.
Effectiveness was assessed as a reduction in antibiotic prescribing
rates and was estimated from a systematic review of the literature.

The study design followed the premises of the Methodological
Guidelines of the Ministry of Health.15 In order to increase the
transparency of the proposed study, the main aspects of the
studies were summarized according to the CHEERS Task Force
Report checklist.'®

The objective of this economic analysis is to estimate the
incremental cost-effectiveness of using a strategy of care in pri-
mary health care units or in emergency care units, of patients
with symptoms suggestive of acute non-specific respiratory
infection, with WBC and differential counts to five cells at the
point of care, using a POC device, compared to a strategy of care
in the same settings, but without the prior WBC count and with
antibiotic prescription for all patients at the first visit according
to the institutional protocol.

Target population: pediatric patients (= 3 months) and adults
presenting symptoms suggestive of acute nonspecific respiratory
infection, seen in primary care units and sus emergency care units.

Perspective of analysis: Unified Health System (SUS). Buyers:
care strategies without prior WBC count, with antibiotic pre-
scription for all patients at the first visit according to institu-
tional protocols. Time horizon: 6 (six) months. Discount rate:
not applicable. Effectiveness measures: rate (%) of antibiotic
prescription. Cost estimate: direct costs associated with the POC
exam, antibiotic use, outpatient follow-up and hospitalizations.
Currency: local currency (Real). Model chosen: decision tree.
Sensitivity analysis: deterministic (Tornado Diagram) and prob-
abilistic (Monte Carlo Simulation).

Concerning the costs of the strategies, considering that the
POC can be used more than once for diagnostic support in
many cases,

and not only once and for a single patient, the estimated
costs for its acquisition were not considered in the model, but
only the costs of a microcuvette needed to perform an exam.
The other costs considered in the model were the costs with

antibiotic therapy, the costs with outpatient care, and the costs
with hospitalization. It should be noted that the performance of
WBC counts and differentials using POC is not yet incorporated
in the SUS’ list of procedures.

To estimate the costs of antibiotic therapy, we considered the
Protocol of the Hospital das Clinicas, Botucatu Medical School,
for the treatment of lower respiratory tract infection, specifically
pneumonia. The recommended duration of treatment can vary
from 5 to 7 days by oral or gastric route, and may be the use of
tablets, capsules, or oral suspension, depending on the presen-
tation available on the national market."”

The protocol for the treatment of community-acquired pneu-
monia, developed by the Hospital das Clinicas of the Botucatu
School of Medicine, is described below.

Previously healthy patients without previous antibiotic ther-
apy: first option with the use of macrolides: azithromycin 500mg
on the first day and 250mg/day for another 4 days or clarithro-
mycin 500mg 12/12 hours. As a second option - betalactams:
amoxicillin + clavulanate 625mg 8/8h or amoxicillin 500mg 8/8h
or cefuroxime 500mg 12/12h.

Patient with associated diseases or recent treatment with
antibiotics (< 3 months): first choice - betalactam + macrolide:
amoxicillin 500mg 8/8h + azithromycin 500mg on day 1 and
250mg/day for another 4 days or cefuroxime 500mg 12/12h +
azithromycin on day 1 and 250mg/day for another 4 days or
amoxicillin + clavulanate 625mg 8/8h + azithromycin on day 1
and 250mg/day for another 4 days. Clarithromycin 500mg 12/12h
as an option to azithromycin in either option. The second option
- quinolone: levofloxacin 750mg/day or moxifloxacin 400mg/day.

The estimate of the cost of antibiotic therapy considered
only the costs with the acquisition of antibiotics. The weighted
average prices of these drugs were extracted from the Health
Price Bank (BPS)."” For the maximum and minimum values, a
variation of + 50% was considered, as well as the average costs
with the use of the following antibiotics for 7 days of treatment
relative to the first and second treatment options provided in
the protocol: 1- Scheme A. Recommended for patients with no
previous treatment: azithromycin 250mg oral suspension 12/12h
(1st option) or amoxicillin + clavulanate 625mg 8/8h (2nd option).
Total of 1 bottle of azithromycin and 21 tablets of amoxicillin +
clavulanate. 2 - Scheme B. Recommended for patients with asso-
ciated diseases or recent treatment with antibiotics: cefuroxime
500mg12/12h + azithromycin 500mg capsule 8/8h (1st option)
and levofloxacin 750mg (2nd option). Total of 14 cefuroxime
tablets, 21 azithromycin tablets and 7 levofloxacin tablets.

These regimens were chosen because they represent the max-
imum and minimum values of the treatment regimen options
considered in the protocol.'” The cost of antibiotic therapy was
estimated from the arithmetic mean of the sum of the two treat-
ment options in each regimen. Table 1 describes the total cost
of antibiotic therapy for 7 days of treatment according to the
regimens assumed in the model, considering a £50% variation.

The cost with the WBC count and differential tests using the
POC considered the need to perform 01 or 02 tests on average per
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patient. For all costs except hospitalization, an average variation
of £ 50% was considered. For hospital costs, the mean costs and
the maximum and minimum values (variation by region of the
country) were considered, related to procedure 0303140151 -
treatment of pneumonias or influenza (GRIPE), Subgroup 0303
- Clinical treatment (other specialties), elective and urgent care,
for a mean length of stay of 6.6 days (6 to 7.2).

The costs with outpatient care (Table 2) considered proce-
dure 03.01.06.009-6 - medical care in emergency unit, Group
03 - Clinical procedures and Subgroup 01 - Consultations /
Attendances / Follow-up, Form of Organization 06 - Consultation
/ Emergency care (in general). For the patient>s follow-up, we
considered 03 consultations until healing / discharge and a range
of 1 to 5 consultations.

The measure of effectiveness was the rate of reduction in
antibiotic prescriptions in the strategies evaluated. The estimates
were taken from a randomized clinical trial developed in Italy
that estimated the effectiveness of the diagnostic investigation
strategy with the use of POC at 77% and of the strategy without
use of POC at 23%.'*

All patients presented with some sign or symptom suggestive
of acute nonspecific upper respiratory tract infection, such as
cough, sneezing, muscle pain, nasal discharge, or purulent mucus,
with an evolution time of no more than 10 days), associated with
at least one finding of hyperemia of the pharynx and/or tympani,
and normal breath sounds.

The model did not consider patients with a history of con-
genital or acquired immunodeficiency, chronic lung diseases
(cystic fibrosis, ciliary dyskinesia, bronchodysplasia, chronic
bronchiectasis, congenital or acquired), and leukemia, as well
as patients with an unequivocal and already defined diagnosis
of acute otitis media, acute sinusitis, and lower respiratory tract
infections, which are usually easier to diagnose from the findings
of fever and/or otalgia, bulging and hyperemia of the eardrum,

prevalent in cases of otitis media; fever, purulent rhinorrhea,
postnasal drip, and cough lasting for more than 10 days with
improvement after treatment, often seen in cases of acute sinusitis;
and cough, abnormal breath sounds, wheezing, and crackles,
findings often seen in cases of pneumonias, the most common
lower respiratory tract disease in pediatric patients.

A WBC count >15,000/mm?® was considered as the cut-off
point for the recommendation of empiric antibiotic therapy,
according to the scheme established in the institutional protocol.
For patients with WBC counts <15,000/mm?, the recommenda-
tion was to treat symptomatically, without the use of antibiotics,
with the possibility of admitting their use if the patient remains
febrile 48 hours after the first visit. In the alternative scenario,
only patients with leukocytosis (Total Leukocytes >15,000 mm?)
revealed by the exam with the use of POC at the point of care
receive antibiotic therapy at medical discretion.”

All patients are followed up as outpatients with up to three
visits and for up to six months of follow-up, depending on the
evolution of the condition, and whether or not symptoms dis-
appear or are cured. Hospital admission could be indicated for
patients diagnosed with pneumonia, or who remained febrile
after seven days of outpatient follow-up and antibiotic therapy,
or who presented some complication during follow-up.

For outpatient follow-up, it was considered that all patients
who do not have complications, regardless of diagnosis, need
only a single visit. For those who remained febrile after the
seventh day of treatment, even after antibiotic prescription, but
who did not require hospital admission, the model assumed
three outpatient visits.

Cure was defined as absence of fever, absence of pharyngeal
hyperemia, absence of rhinorrhea and sneezing, diminished
cough, and normal breath sounds. The currency is the Real. In
the decision tree model (Figure 1), each of the alternatives in
the decision node has its own costs and consequences. For the

Table 1 — Total cost of antibiotic therapy for 7 days of treatment according to the schemes assumed in the model, considering a variation of

*+50%.

Proposed Scheme Total Cost Average Cost littlelest Larger

Scheme A R$ 20,37 R$ 10,18 R$ 5,09 R$ 15,27
Scheme B R$ 195,65 R$ 97,82 R$ 48,91 R$ 146,73
Custo from antibiotic therapy R$ 216,02 R$ 108,01 R$ 54,00 R$ 162,01

(scheme A + scheme B)

Source: Healthcare Price Bank (HPCB). The records shown specify purchases made in the last 18 months, which corresponds to the following

period: 01-09-2019 to 01/03/2021.3

Table 2 — Inpatient and outpatient costs for the treatment of community-acquired pneumonia

Procedures Average Cost Littlelest Larger
Outpatient follow-up

(03.01.06.009-6) R$ 11,00 R$ 5,09 R$ 15,27
Hospital admissions (0303140151) R$ 1.292,88 R$ 1.013,99 R$ 1.552,08
Microcuvettes R$ 23,32 R$ 15,55 R$ 31,10

Source: http:/tabnet.datasus.gov.br/cgi/deftohtm.exe?sih/cnv/giuf.def e NOTA TECNICA N° 1/2021-DAHU/SAES/MS.
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parameters imputed in the model, an arbitrary variation of + 50%
was allowed for the cost estimates, 20% for the effectiveness and
probability estimates. Only parameters of the pneumonia death
variable were extracted from official SUS data. All other estimates,
both for effectiveness and probability, were extrapolated from a
randomized clinical trial.**

For all patients who had no complications, although they
were not cured and regardless of whether or not they received
antibiotic therapy, and regardless of the WBC count, the model
assumed that after 6 months, because of loss to follow-up, the
patients were considered alive as those who did not die from
pneumonia after hospital admission. For those patients with
pneumonia but who did not require hospital care, the model

Febril D2

Leucdcitos
>13.000/mm3 ¢
antibioticoterapia
no D1 por Alto
risco de PNM.

Recebe ATB

Afebril D2

O
Niio recebe
ATB Vive
Investigagdo clinica
orientada por
contagem de
leueécitos COM
POC na primei
o ATB
Qual a estratégia mais )
custo-efetiva no Leucécitos < Febril D2
auxlio diagndstico, 15.000/mm3 ¢
acompanhamento ¢ tratamento
mancjo de pacientes sintomatolégico
com supseita de o D1 Nao
infecgio respiratéria O recebe
aguda inespecifica em ATB
unidades de atengfio
primiria ¢ de Afebril D2 Vive
emergéneia no SUS?
Cura D7
4
Febril D2
. . O
Investigagio clinica ¢
antibioticoterapia na Compliea
primeira consulta
para todos os
pacientes de acordo Nio cura
com a estratégia de O
|prescrigio Nio
lme dicamentosa. complica
O
Cura D7
4
|Afebsil D2
O
Complica
Nio cura
O
Nio
complica

Figure 1 — Decision tree model.
Prepared with the aid of TreeAge Pro Healthcare Software®.

assumed that they remained in outpatient follow-up and had
three visits at follow-up. For all these possibilities (death from
pneumonia, outpatient follow-up), the model considered ab-
sorbing states.

As for the sensitivity analysis, only parametric and second-or-
der uncertainties were explored in the model. To this end, mul-
tivariate sensitivity analysis was performed by plotting Tornado
plot of the Net Monetary Benefit (BLM). For the probabilistic
sensitivity analysis,1,000 Monte Carlo simulations were per-
formed. The imputed variables in the model were converted to
probabilistic distributions, assuming Beta distribution for the
effectiveness and probability variables and Gamma distribution
for the cost variables.
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RESULTS

The results of the model show that using the HemoCue®
WBC DIFF POC as part of a strategy to aid in the diagnosis and
therapeutic management of pediatric patients to reduce antibiotic
prescription rates in primary care and urgent care units is the
most cost-effective alternative.

After rolling back the decision tree model, the result revealed
that the most cost-effective strategy is the WBC count-guided
clinical investigation using the HemoCue® WBC DIFF POC at
the point of care, at the first visit. As can be seen in the graph of
the cost-effectiveness analysis presented in Figure 2, there was
absolute dominance of the alternative scenario strategy using the
POC over the strategy used in the reference scenario.

According to the cost-effectiveness analysis report (Table 1)
the alternative strategy using POC resulted in an incremental
effectiveness of 53% reduction in antibiotic prescriptions and
a savings of R$70.80 when compared to the strategy used in
the alternative scenario, with an incremental cost-effectiveness

Figure 2 — Graph of the cost-effectiveness analysis.

ratio (ICER) of -R$132.02 per patient per 6 months, confirming
absolute dominance.

Deterministic sensitivity analysis, performed using a Tornado
Diagram, demonstrated that for an expected value of R$27,031.97,
considering a hypothetical willingness-to-pay threshold of R$35.
172.00 (1 GDP per capita of 2020), the variable that most impacted
the model was the effectiveness of the HemoCue® WBC DIFF POC
as part of the strategy used in the alternative scenario, and could
in the worst BLM scenario reach R$ 21,000.00 and, in the best
scenario, R$ 32,000.00, but in both cases, assumed positive values.

The results of the Monte Carlo simulations (1,000 iterations)
were plotted on incremental cost-effectiveness and acceptability
curve graphs to evaluate the robustness of the model, based on
the random variability of the imputed parameters. The results
of the 1,000 Monte Carlo simulations are plotted in Figure 3, in
the CEI Scatter Plot. The alternative scenario is in the compar-
ator and the reference scenario is in the baseline. Therefore, the
alternative scenario was compared to the reference scenario. For
this analysis, the willingness to pay was only $1,000.
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Figure 3 — Scatter Plot of Incremental Cost-Effectiveness. Clinical investigation guided by WBC count with POC at first visit vs Clinical investigation
and antibiotic therapy at first visit for all patients according to the protocol.

In the report of the results of the 1,000 iterations of the Monte
Carlo simulations, it is observed that the proportion of iterations
concentrated in quadrant IV (upper) was 0.904 and zero in the
C6 component of quadrant II (lower), thus demonstrating the
absolute dominance of the strategy proposed in the alternative
scenario (HemoCue® WBC DIFF POC) in more than 90% of the
simulations, in the probabilistic sensitivity analysis.

The acceptability curve was plotted, in order to evaluate the
variation of the probability that the strategy used in the reference
scenario is cost-effective, as a function of the variation of the
willingness-to-pay threshold. Considering that the CERI was
negative and in the order of approximately -R$132.02, a willing-
ness-to-pay variation of 0 to R$100.00 was considered. The result
of the analysis shows a small variation in the probability of the
strategy used in the alternative scenario being cost-effective (90 -
100%), with no possibility of being outperformed by the reference
scenario strategy, even if the willingness-to-pay threshold was
close to zero, reaffirming once again the absolute dominance.

DISCUSSION

In most cases of suspected non-specific acute respiratory
infection, the choice of antibiotic takes into consideration the
most likely pathogen at the site of disease acquisition; individual
risk factors; presence of associated diseases; and epidemiologic
and cost-effectiveness factors. Although still controversial, the
use of antibiotics to treat atypical pathogens in cases of commu-
nity-acquired pneumonia (CAP) of lesser severity has often been
used because of the inability to obtain WBC and microbiological
profile results soon after CAP diagnosis, which would allow
choosing antibiotics targeted to specific agents and avoiding
unnecessary prescribing of these drugs.

Portable equipment for point-of-care blood tests, although
already available in the national market, are still little used. In
general, POC analyzers tend to measure lower WBC counts than
the laboratory method, which could be considered something
undesirable, but which does not compromise the correlation
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between the two methods especially when it comes to total WBC,
neutrophil and lymphocyte counts, whose correlation coefficient
was reported in the studies as higher than 0.95 between the two
methods, and therefore demonstrating their clinical utility in
the diagnostic aid and clinical management of patients seen in
primary care units and emergency units with suspected acute
non-specific respiratory infections.’”

The possibility of reducing turnaround time and increasing
the chance of more timely medical decisions in remote emergency
departments or outpatient clinics appears to be possible with the
safe and effective use of point-of-care technologies.”

POC analyzers for WBC and differential count seem to pro-
vide a safe, precise test with satisfactory accuracy for point-of-care
use by non-laboratory health professionals, such as physicians
and nurses, with prior training, and effective for diagnostic sup-
port and reducing antibiotic prescription rates at the first visit,
thus avoiding unnecessary prescription and use of these drugs.

The results of the model show that the use of POC as part
of a strategy to aid in diagnosis and therapeutic management
in order to reduce antibiotic prescription rates in primary care
and emergency care units is the most cost-effective alternative.

The use of POC showed in the model incremental effective-
ness of 53% for reducing antibiotic prescriptions and a savings
of R$70.80 and incremental cost-effectiveness ratio (ICER) of
-R$132.02 per patient per 6 months, confirming its absolute
dominance.

CONCLUSION

Evidence suggests that the use of POC analyzers for WBC
and differential counts at the point of care is a cost-effective
alternative as part of a strategy to aid diagnosis and therapeutic
management of cases of non-specific acute respiratory infections.

Considering the high incidence of acute non-specific respi-
ratory infections seen in the SUS, the incorporation of this tech-
nology may, in the medium and long term, enable an interesting
saving of financial resources with the avoided prescription and
use of antibiotics.
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