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Early detection of respiratory disease
outbreaks through primary healthcare data
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available for at least 70% of the population.

Brazl an excess of encounters of respiratory complaints in 18/21 (86%) of the regions
analysed and four weeks or more in 10/21 (48%) regions.
Conclusions Coronavirus disease 2019 (COVID-19) syndromic surveillance
systems based on already established PHC databases may add time to prepared-
.~ ness and response to emerging epidemics.
The coronavirus disease 2019 (COVID-19) pandemic highlighted the importance
of surveillance systems capable of detecting respiratory outbreaks at early stages,
even before pathogen identification. The recent re-emergence of avian influen-
za A (H5ND), a potential pandemic virus, reinforces the urgency of implement-
ing syndromic tools for the early detection of respiratory diseases. Digital sur-
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Here, we present a case study of a syndromic surveillance tool in Brazil that uses digital information rou-
tinely collected by the primary healthcare (PHC) system to feed an early warning system.

METHODS

We used data from the PHC system described in another study [3]. We compared the weekly counts of
PHC encounters due to respiratory complaints and the number of COVID-19 cases in 2020 in the state of
Bahia, Brazil’s fourth most populous state with 14.9 million inhabitants in 417 municipalities and a ter-
ritorial extension comparable to France (Figure S1 in the Online Supplementary Document). We used
the data from December 2016 to December 2019 to predict the number of encounters expected for 2020.
We classified encounters coded with any International Classification of Diseases, 10" Revision (ICD-10)
or International Classification of Primary Care, 2™ edition (ICPC-2) related to acute respiratory infection
(Table S1 in the Online Supplementary Document) as encounters due to respiratory complaints. We used
the total number of encounters per week as the population offset in the model.

We assessed the completeness of historical data by the number of weeks with a record of any encounters
in previous years. For example, a city was considered to have complete historical data if it had at least 155
weeks with PHC records from 31 October 2016, to 29 December 2019 (total of 165 weeks). The cities were
aggregated by immediate geographic region (n=34), as per the Brazilian Institute of Geography and Statis-
tics [4]. We included the regions with more than 70% of the population with complete historical data. We
also conducted a similar analysis using the three largest cities in Bahia: Salvador (population=2953986),
Feira de Santana (population=627477), and Vitéria da Conquista (population=348718).

Statistical analysis

We employed the algorithm proposed by Farrington and modified by Noufaliy to estimate the expected
number of encounters due to respiratory complaints each week and their respective 95% confidence in-
terval [5]. The upper limit of the 95% confidence interval was defined as the threshold for considering ex-
cess cases. The parameters used in the algorithm were three years of historical data using a window half
size of three weeks.

We extracted the number of confirmed COVID-19 cases from Bahia’s Secretary of Health public dash-
board [6] and employed a piecewise linear regression in the weekly COVID-19 cases in each region to de-
fine the onset of the rapid SARS-CoV-2 transmission per region (Figure S5 in the Online Supplementary
Document).

We extracted the number of hospitalisations due to severe acute respiratory syndrome (SARS) from the Siste-
ma de Informagdo de Vigilancia Epidemiologica da Gripe (SIVER-Gripe) nation-wide surveillance database [7].

We conducted all statistical analyses in R, version 3.6.1 (R Core Team, Vienna, Austria) and its “surveil-
lance”, version 1.20.3 [8] and “segmented” version 1.6.2 [9] packages.

Ethics

The Bahia State Health Secretary for research purposes provided weekly aggregated data, as authorised in
the Brazilian General Protection law. We did not seek ethical approval, as the data could not be re-iden-
tified in any way.

RESULTS

The first COVID-19 case was detected on 25 February 2020 in Brazil and on 6 March 2020 in Bahia. We
evaluated a total of 24882367 encounters from 2016 to 2019 in 34 immediate geographic regions, 21
(62%) of which met the inclusion criteria (Table S2 in the Online Supplementary Document), resulting
in 18036110 encounters used as baseline data. The validation data were comprised of 4096495 encoun-
ters that occurred in 2020 (Figure 1, Panels A and B)

We observed an excess of encounters due to respiratory complaints in 18 (86%) regions at least two weeks
before the increase in COVID-19 cases, with a median of four weeks (interquartile range (IQR) = 3-6) (Fig-
ure S2 in the Online Supplementary Document). For example, the region of Vitéria da Conquista pre-
sented six weeks with an excess of encounters in the nine weeks between the first confirmed COVID-19
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A)
Encounters between 2016/10/31 to 2019/12/29
N = 24,882,367
Excluded:
« Encounters from cities without historical data
N N =2,377,192
>
« Encounters from cities of excluded regions
N = 4,469,065
A
Total of encounters analysed
N = 18,036,110
\ 4 v
Encounters due to respiratory complaints Encounters due to other complaints
N =709,362 17,326,748
B)
Encounters between 2019/12/29 to 2020/12/21
N = 5,944,405
Excluded:
« Encounters from cities without historical data
N N = 818,085
« Encounters from cities of excluded regions
N = 1,029,825
A
Total encounters analysed

N = 4,096,495

Encounters due to respiratory complaints Encounter due to other complaints

N = 279,274 N =3,817,221

Figure 1. Flowchart of the PHC data analysed. Panel A. Baseline. Panel B. Test period.

case in Bahia and the week of rise in COVID-19 cases
2,000 in this region (Figure 2). Regarding SARS-related hos-
pitalisations, all 21 regions presented COVID-19 hospi-
talisations after April 2020, coinciding with the pattern
of total COVID-19 cases (Figure S4 in the Online Sup-
plementary Document).
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rapid growth of COVID-19 cases based on piecewise linear regression, ~ Online Supplementary Document).

and red triangles denote weeks with excess encounters due to respira-

tory complaints prior to the rapid growth of COVID-19 cases.
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DISCUSSION

We demonstrate that it is possible to anticipate the rise in respiratory infection cases by analysing routinely
collected PHC data in most Bahia State regions. The lack of detection seemed to relate to areas with sparse
populations or those underreporting PHC data. This suggests a potential utility of digital health data in ear-
ly-warning systems for surveillance purposes.

Our findings regarding regions with an excess of PHC encounters due to respiratory complaints prior to
the first reported COVID-19 case in Bahia-Brazil are consistent with studies that found evidence of the cir-
culation of SARS-CoV-2 virus two to four weeks in three countries before the first confirmed case by local
public health agencies, either using serological surveillance [10,11] or genomic characterisation [12,13]. Only
hospitalised patients were reported at the beginning of the COVID-19 pandemic. However, most COVID-19
cases do not require hospitalisation. Since there is a lag of up to two weeks between SARS-CoV-2 infection
and progress to severe disease, this situation may also have contributed to the observed excess PHC respi-
ratory-related encounters before the confirmation of the first COVID-19 case. These factors combined hin-
dered the detection of COVID-19 cases in the early period of the pandemic.

In our analysis, the number of encounters in the PHC after the peak of COVID-19 differed greatly by im-
mediate region. One possible reason for this phenomenon is the lack of standardisation in public health
recommendations in Brazil during COVID-19 in 2020. The Brazilian Ministry of Health did not develop a
national plan in response to the pandemic and did not implement non-pharmacological interventions [14].
Consequently, Brazilian municipalities had to develop individual plans to mitigate the burden of COVID-19,
which resulted in heterogeneous and uncoordinated actions [15].

PHC is an integral part of the Brazilian Unified Health System (SUS), which serves as the entrance to health-
care services for all levels of complexity. It is based on family health teams comprising medical doctors,
nurse practitioners, nursing assistants, and community healthcare agents. PHC covers at least 74% of the
Brazilian population, including the marginalised and those living in remote areas [16]. Despite these char-
acteristics, some factors can interfere with PHC's potential for early detection of future epidemics. One such
challenge arises from the lack of data derived from the private healthcare system, which becomes particu-
larly problematic when addressing diseases initially imported from other countries, affecting primarily the
more affluent populations who do not use SUS [17] Additionally, concerns persist regarding the potential
delays in reporting PHC data, although these delays tend to be shorter than traditional systems relying on
laboratory testing [18].

Our study is subject to several limitations. First, we could not link individual PHC encounters and hospital-
isation data. This would have allowed us to gain further insights into the number of individuals who pro-
gressed to severe cases and their trajectory within the health system. Additionally, our analysis was limited
to a single State in Brazil. However, we should note that the State of Bahia is geographically vast and has a
highly diverse range of municipalities, with Human Development Index values ranging from 0.5 to 0.75.
The early detection in multiple regions of the state provides evidence of the broad applicability and utility
of PHC data. This suggests that our approach could be effective across a wide range of situations, further
emphasising the potential of PHC data in epidemiological surveillance for early detection of outbreaks.

Digital syndromic surveillance systems based on already established databases, such as the PHC database,
may add timeliness to preparedness and response to emerging epidemics. Additionally, implementing such
a system could improve the number and quality of PHC data registration, contributing to a structural im-
provement of the local health system. This strategy is especially advantageous for developing countries that
chronically face constrained health resources.
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