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Abstract  Vaccination coverage has declined in the municipality of Rio de Janeiro (MRJ) since 2019. To address this 
issue, within the expansion of the Family Health Strategy (FHS) and epidemiological intelligence, the GeoVacina Rio 
Monitor was created. Its aim is to recover vaccination for children with delayed doses and monitor pentavalent vaccine 
indicators in the population registered under the FHS in MRJ from January 2023 to January 2024. Data were extracted 
from the Electronic Health Record and summarized by FHS team, public health unit (PHU), and planning area (PA). 
An interactive map enables the viewing of children’s information and vaccination status at the team’s centroid. Addi-
tional features include vaccination coverage monitoring and downloading lists of children to be vaccinated across 237 
PHUs. During the evaluated period, the proportion of fully vaccinated children increased from 76.1% (May 2023) to 
90.8% (January 2024), a rise of 14.7 percentage points, with a 49.5 p.p. reduction in units with coverage below 80%. 
The GeoVacina Rio Monitor enhances data quality and restores vaccination coverage, aligning epidemiological intelli-
gence with regional immunization strategies, with the potential for implementation in other municipalities.
Key words  Primary Health Care, Vaccination Coverage, Public Health Surveillance, Vaccination, Geographic Map-
ping
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Introduction

Low vaccination coverage increases vulnerabil-
ity to a reintroduction of preventable diseases, 
and expanding access to immunobiological 
agents is one of the goals in the 2030 Agenda1. In 
Brazil, as in other countries, there has been a re-
duction in the coverage of different vaccines in 
recent years, a scenario that has become decisive 
for the intensification of global efforts aimed at 
recovering these indicators2,3.

Multiple barriers contribute to this decline, 
and, according to the WHO EURO Vaccine 
Communications Working Group, issues relat-
ed to trust in the efficacy and safety of immu-
nobiologicals; convenience, which concerns the 
availability of vaccination services; and com-
placency, a concept that relates to poor collec-
tive understanding of the risks of vaccine-pre-
ventable diseases are essential questions for the 
discussion of vaccine hesitancy and decline in 
coverage4,5.

An analysis of strategies focused on a reduc-
tion in vaccine hesitancy identified sets of ini-
tiatives with the greatest impact, such as those 
aimed at the non-vaccinated population or 
with incomplete vaccination schedules; meth-
odologies aimed at increasing knowledge and 
awareness about vaccines; and expanding con-
venience and access to vaccination6. Lines of ac-
tion aimed at improving coverage surveillance 
and incorporating artificial intelligence strate-
gies have been encouraged as well7. 

Data related to vaccination coverage in the 
Municipality of Rio de Janeiro (MRJ) indicate 
that the decline of these indicators occurred 
primarily from 2019 onward.  In 2023, only the 
BCG vaccine reached the population coverage 
target, with all of the other immunizers remain-
ing below the established values8. In the city, re-
suming the expansion of Primary Health Care 
(PHC) and enabling this recovery, in a manner 
integrated with health surveillance actions, in 
the context of emerging and reemerging griev-
ances, is a challenge. 

By understanding longitudinality and the 
coordination of care as key elements of PHC9 

and by setting the priority of establishing the 
recovery of the city’s vaccination coverage, it is 
clear that these attributes favor the development 
of health surveillance actions, such as the active 
search for children with late vaccination sched-
ules. These actions should be integrated into the 
workflow of the family health strategy (FHS) in 
Brazil10.

As part of an expanded strategy aimed at re-
covering vaccination coverage among children 
in the MRJ, a digital tool was developed at the 
Epidemiological Intelligence Center (EIC) to 
support the active search for children in MRJ 
who are behind in vaccinations. The pentavalent 
vaccine was chosen for the initial project, since 
it plays a crucial role in protecting against five 
serious diseases: diphtheria, tetanus, whooping 
cough, hepatitis b, and infection by Haemophilus 
influenzae type B. Moreover, it also serves as a 
temporal marker for other vaccination schemes 
that happen concomitantly, such as the polio 
vaccine, or prior to the pentavalent vaccine, such 
as vaccines against meningococcal disease C, ro-
tavirus, and 10-valent pneumococcal.

Therefore, the present study sought to de-
scribe the structure of the Geovacina RioMon-
itor and the evolution of the operational indi-
cators related to the pentavalent vaccine in the 
population registered by the FHS in MRJ from 
January 2023 to January 2024. 

General aspects of the GeoVacina 
Rio Monitor

Context of implementation 
and data source

The GeoVacina Rio Monitor was imple-
mented in May 2023, focused on supporting the 
active search for children with missing doses of 
the pentavalent vaccine in MRJ, configuring de-
lays in and incomplete vaccination. Since 2012, 
the National Immunization Program (NIP) has 
offered this immunobiological agent as part of 
the routine of the vaccination calendar for chil-
dren, and that routine scheme consists of three 
doses of the immunobiological agent (at two, 
four, and six months of age)11.

Personal information (name, date of birth, 
mother’s name, and record number), data re-
lated to vaccination (immunobiologicals, dos-
es, dates of vaccination, and kind of record), 
and regarding the patient’s PHC reference unit 
(number of the unit (CNES), FHS team, and 
registration status) have been used to formulate 
the indicators of the GeoVacina Rio Monitor. 
Those records come from Electronic Patient 
Records (EPR) from the 237 PHC facilities in 
the 10 planning areas (PA) of MRJ, which, since 
1993, is divided into these regions for the pur-
pose of planning and organization of healthcare 
actions12.
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Processing, epidemiological indicators, 
and spatial analysis of the records

Data extraction from the EPR is performed 
using an application programming interface 
(API) in Python language. The database used in 
this study consists of two tables: (1) user records 
and (2) vaccination records. Using a script in R 
language, data cleaning, aggregation and nor-
malization are performed, as are the linkage 
process of user records and vaccination data. 
Information regarding administered or regis-
tered doses is linked to the patients that have 
an active record during the analyzed period.  
The information was grouped and summarized 
by different levels of information management 
(MRJ, PA, Primary Care Unit (PCU) and FHS 
team). In the second phase, the records passed 
through a categorization process according to 
the vaccination records in the EPR. 

The proportion of vaccinated children was 
calculated by using, as the numerator, the total 
number of children with the third dose (D3) of 
the pentavalent vaccine, and as denominator, 
the target population, multiplying by 100 for 
each unit of analysis used (team, public health 
unit (PHU), PA, or MRJ). The target popula-
tion is the total number of children registered 
in the FHS, in the age group of 6 months to 11 
months and 29 days. It is a dynamic denomina-
tor, considering that each month, the number of 
children is updated (including those who com-
plete 6 months of age, subtracting those that 
complete 1 year of age and inserting those who 
were registered). The dates of birth and the last 
date of the month defined the population cut-
off in the specific age range. Temporary records 
of children who died were defined as exclusion 
criteria for the elaboration of vaccination pro-
portions. We included verification and valida-
tion steps in order to minimize errors that affect 
the indicator’s numerator. The calculation of the 
indicator defines the number of children with 
D3 vaccine applied/registered as the numerator, 
while the denominator corresponds to the num-
ber of recorded children. Children that were not 
registered were not included. 

The categorization based on vaccination 
proportion was established using the following 
cutoff points: above 95% (green), between 80% 
and 95% (yellow), and below 80% (red). This 
categorization was applied at the level of the PAs 
of MRJ, as well as for the units and FHS teams. 

An interactive map of the PAs was made 
available13, with the following selection layers: 

PAs; polygons of areas of social vulnerability, 
defined as social territories – a program imple-
mented in 2017 in MRJ in partnership with UN 
Habitat; territories of the PHC Units and FHS 
teams, and a layer that classifies the FHA teams 
according to the strata of the situation of vacci-
nation proportions (indicated by colors).  It is 
important to highlight that the children are geo-
located at the geometric centroid of the poly-
gons of the FHS teams to which their address 
registered in the EPR belong.

The proportion of vaccinated children was 
calculated based on EPR records extracted by 
January 1, 2024. The information was made 
available for the professionals of the Municipal 
Health Secretary, in html format, on the city’s 
internal platform (subpav.org), with access 
restricted by password. Monthly updates are 
widely made available for the professionals by 
means of the usual communication channels. 
The entire tool was programmed by using the R 
and QGIS statistics softwares14,15.

Structure and functionality 
of the GeoVacina Rio Monitor

The GeoVacina Rio Monitor was designed 
with six components: (i) Statistical summary; 
(ii)  GeoVacina Rio map; (iii) EPR download; 
(iv) Evolution; (v) GeoSinasc Mapa; and (vi) 
GeoSinasc Download. This structure was pro-
posed to facilitate access to epidemiological 
indicators and expand the capacity of manage-
ment of information related to the proportion of 
vaccinated children, at the local level, as well as 
by PA managers and at the central level of health 
surveillance. The components, main objectives, 
function, and use levels of the tool are presented 
in Chart 1. 

By consulting the Statistical Summary, in-
dicators of the proportion of those vaccinated 
with the pentavalent vaccine were obtained, to 
monitor the percentage of children, aged 6 to 
11 months, with D3, registered both in the mu-
nicipality and according to PA, health unit, and 
FHS team, and according to the defined cutoff 
points. Moreover, it is possible to evaluate the 
proportion of health units and FHS teams in 
each of the scores of these indicators, by PA and 
by MRJ.

The GeoVacina Rio Map provides users with 
an interactive way to identify children regis-
tered in the FHS according to the vaccination 
profile for the pentavalent vaccine. Each point 
represents a child, georeferenced in the cen-
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troid of the team polygon with an offset to avoid 
overlapping. The colors of the points signal the 
following specificities:  in blue, children that 
have the final dose, which completes the basic 
scheme – D3 (blue); in red, children without 
complete vaccination, without the D3 (red); 
and in yellow, children without the D3, but in 
the age group between 6 months and 6 months 
and 29 days of age (yellow), and are therefore 
within the window of opportunity to take this 
dose. By clicking on a point, the child’s medical 
record number, situation of the record, health 
unit, and FHS team are displayed (Figure 1). 
This functionality favors the active search of a 
child within the territory. The team polygons are 
colored according to the proportions of vaccina-
tion coverage.

In EPR Download, it is possible to download 
lists containing information about children with 

incomplete vaccination records found in their 
files. This list contains the name of the health 
unit, the FHS team, the number of the files, the 
child’s name and date of birth, as well as the sta-
tus of the registration of the vaccine record. The 
list can be broken down by health unit, favoring 
the management of priority situations for the 
follow-up of vaccination status in the region. In 
the “Evolution” component, the monthly series 
of the proportion of children vaccinated with 
the third dose of the pentavalent vaccine can be 
generated.

To locate children born in the region, the 
GeoSinasc and SINASC Download components 
are made available. Live births that are not reg-
istered in the PHU files are identified through 
linkage, so that areas can be viewed in the map, 
and lists by areas can be generated so as to en-
able the active search for the inclusion of new 

Chart 1. Components, objectives defined in the design of the digital tool, functions, and level of disaggregation 
of the information provided.

Component Objective Function Disaggregation level 
Statistical 
summary

Provide pentavalent-related 
proportion indicators in an 
opportune manner.

Allows for the quick viewing of 
vaccination proportion indicators, 
according to the acting level. 

MRJ, planning areas, 
FHUs, and FHS teams. 

GeoVacina 
Rio Map

Locate children with delays 
in doses or in the proper age 
for the pentavalent vaccine 
in the different regions of the 
city. Identify regions with 
lower indexes of children 
with incomplete vaccination 
to guide actions.  

Aids in the management of 
geographic information related 
to the target population for the 
immunobiological agent, enabling 
an active search and regional risk 
analysis. 

Planning areas, PHUs 
and FHS teams, 
regional social areas. 
Additionally, allows 
for the exploration of 
neighborhoods and 
streets according to the 
FHS adscription. 

EPR 
Download

Support local management 
and the team professionals 
with information related to 
patients added by the FHS. 

Facilitates the organization and 
management of lists of children 
with missing doses, for active 
vaccination search.

Planning areas, PHUs, 
and FHS teams. 

Evolution Make the historical series 
of vaccination proportions 
available for the pentavalent 
vaccine.

Supports monitoring and 
qualification of actions related to 
the indicator over time. 

MRJ, PAs, and PHUs. 

GeoSinasc 
Map 

Locate children born in 
the regions of the city, for 
infant follow-up and care 
coordination.

Informs to the unit about children 
who are born in the region, for 
insertion of longitudinal follow-up 
and care coordination.

MRJ, PAs, and PHUs.  

SINASC 
Download

Support local management in 
the active search of children 
to be registered and followed 
up in the FHS. 

Make the list of children born in 
the region available for insertion in 
the longitudinal follow-up and care 
coordination. 

MRJ, PAs, and PHUs. 
Additionally, enable 
toe exploration of 
neighborhoods and 
streets according to the 
FHS adscription. 

Source: Authors, based on the scope of the tool, previously aligned in planning and development with the Health Surveillance 
Superintendence of MRJ.
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records in the files and, consequently, update 
the vaccination records. 

Indicators related to pentavalent vaccine 
coverage, by the GeoVacina Rio Monitor

As shown in Figure 2, since the implementa-
tion of the GeoVacina Rio Monitor in May 2023, 
there has been an increase in the proportion of 

children vaccinated with the third dose, thus 
showing a complete vaccination scheme. The 
values calculated at the time of the implemen-
tation (May/2023) and at the end of the period 
(January/2024), were respectively, 76.1% and 
90.8%, indicating a 14.7% increase. 

From January to May 2023, before the im-
plementation of the GeoVacina Rio, no im-
provement was observed in the municipality 

Figure 2. Evolution of the proportion of children registered with the third dose of the pentavalent vaccine (D3) 
at the FHS, MRJ, January/2023 to January/2024.

Source: GeoVacina Rio Monitor, July/2024, SMS-Rio.
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indicator, with some areas showing worse cov-
erage. When evaluating the entire period, eight 
months after the tool’s implementation, an in-
crease was found in the proportion of children 
with the third dose of the pentavalent vaccine, 
in every PA (Table 1). In this analysis, PA 3.1 
(Penha/Ramos/Ilha) stands out, with an in-
crease of 40.38% in the period studied. 

In January 2023, of the 236 PHUs, 17 
(49.5%) showed indicators below 80%, 112 
(47.5%) had indicators between 80% and 95%, 
and only 7 (2.9%) presented indicators above 

95%. In January 2024, of the 237 units (a new 
unit was created in the network), 2 (0.8%) had 
indicators below 80%, 144 (60.8%) between 80% 
and 95%, and 87 (36.7%) with indicators above 
95%. (Figure 3). 

The monthly publication of updated infor-
mation by the GeoVacina Rio Monitor also re-
sulted in the formalization of a communication 
channel to address possible doubts that health 
professionals may have regarding the tool. In this 
channel, routinely monitored by a technician 
from the Epidemiological Intelligence Center 

Table 1. Distribution of the proportion of the pentavalent vaccine. by PA. MRJ. January/2023 to January/2024.
Planning 

area
January/2023 

(%)
May/2023 

(%)
January/2024 

(%)
Absolute 

difference (pp)
 Relative variation 

(%)
AP 1.0 68.1 68.6 89.5 21.4 31.5
AP 2.1 79.8 79.3 88.4 8.6 10.8
AP 2.2 72.0 73.3 91.8 19.7 27.4
AP 3.1 67.2 70.9 94.4 27.2 40.4
AP 3.2 83.5 81.0 93.9 10.4 12.4
AP 3.3 78.8 78.6 92.4 13.6 17.2
AP 4.0 69.5 71.6 85.7 16.2 23.3
AP 5.1 82.2 77.6 90.2 8.0 9.8
AP 5.2 81.8 77.8 88.0 6.2 7.6
AP 5.3 77.0 78.8 93.3 16.4 21.2
MRJ 76.1 75.7 90.8 14.7 19.3

Source: GeoVacina Rio Monitor. July/2024. MHS-Rio.

Figure 3. Distribution of the PHUs according to indicators of vaccination proportion, MRJ, January/2023 to 
January/2024.

Note: It was not possible to perform the calculation for four units in January/2024.

Source: GeoVacina Rio Monitor , July/2024, SMS-Rio.
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(EIC), doubts related to the indicators generated 
by the tool can be clarified, which also allowed 
for feedback, thus improving the system. 

Discussion

The use of digital technologies to strengthen 
immunization programs was reiterated through 
recently established directives by the World 
Health Organization (WHO)7. In this sense, the 
GeoVacina Rio Monitor fulfills the role of sup-
porting the management of information related 
to the pentavalent vaccine opportunity, in dif-
ferent geographic levels (municipality, PAs, as-
signed areas) and led to the integration of health 
surveillance and PHC practices in the regions, as 
provided for in the National Health Surveillance 
Policy10.

The implementation of the tool was not an 
isolated intervention, but rather it was aligned 
with an expanded plan for recovering vaccina-
tion coverage in MRJ, a current priority in the 
political agenda, and which includes strategies 
aimed at reducing access barriers; expanding ex-
tramural vaccination; establishing partnerships 
with the education sector; and providing train-
ing on immunization, scientific dissemination, 
and improvement of communication strategies 
regarding immunobiologicals2. The surveillance 
provides disaggregated information at an indi-
vidual level and favors the monthly follow-up of 
the target population as regards the pentavalent 
vaccine. For health surveillance, such vaccina-
tion surveillance during the appropriate age is 
essential to identify opportunities for vaccina-
tion16.

An active search for children that have not 
been vaccinated or that have missing doses, re-
duces individual and collective vulnerability to 
vaccine-preventable diseases. In this sense, the 
GeoVacina Rio Monitor facilitated the identi-
fication of children with delays in vaccination, 
either by showing this information on the map 
or by generating nominal lists of children so that 
the professionals of the PHUs could conduct an 
active search, thereby guiding an activity which 
is widely encouraged by the NIP17, including the 
surveillance of indicators considered in the PHC 
qualification programs and health surveillance 
programs18,19. Furthermore, the management of 
user lists and person-to-person linkage is de-
scribed as an activity that relates to the coordi-
nation of care in primary care20.

The tool enabled the identification of het-
erogeneities in the proportion of vaccinated 

children in different areas of the city, by the 
GeoVacina Rio Map component, indicating re-
gions with low indexes and the assessment of the 
risk of disease occurrence in these areas. It also 
supports the planning of strategies via Health 
Surveillance. Initiatives that relied on the use of 
geographic information systems for the micro-
planning of vaccination strategies were linked 
to the increase of vaccination coverage and the 
implementation of information, highlighting the 
value of spatially detailed data21,22.

In MRJ, the EIC has invested in technologies 
and new means of acquisition and management, 
as well as new methods of data analysis, in a 
combination that involves the work of data sci-
entists, epidemiologists with expertise in Geo-
graphic Information systems (GIS) and public 
health officers. The GeoVacina Rio Monitor is a 
product that supports the use of geographic in-
telligence to direct health actions, and encour-
ages the study of spatial differences as determi-
nants of territorial inequalities in the proportion 
of vaccinations, which need to be investigated 
and dealt with, especially when the problem is 
related to access to specific services23,24. Spatial 
inequalities in the vaccination of children were 
recently studied by Boing et al.24, highlighting 
regional disparity and worse vaccination cover-
age for COVID-19 in towns with a lower Hu-
man Development Index (HDI). 

In Brazil, vaccination coverage (VC) surveil-
lance has been conducted, historically, through 
the administrative method, which considers the 
doses of vaccines administered (numerator) and 
the population estimates (denominator)25. In 
addition to this strategy, national coverage sur-
veys have also been used, which are important 
instruments to obtain more precise estimates 
of children’s VC, and provide information con-
cerning access to services and socioeconomic 
profiles of the vaccinated individuals, given that 
such information is not available in the official 
systems26. 

In 2020, the year that the last survey was con-
ducted, it was found that 30.0% of the doses re-
corded in the vaccination booklet were not reg-
istered in the National Immunization Program 
Information System (NIP-IS)26. Considering the 
need to obtain truthful and opportune informa-
tion for VC surveillance in MRJ, the data used 
to formulate the GeoVacina Rio Monitor indica-
tors is obtained directly from the electronic files 
in use by PHC. This option benefits the devel-
opment of disaggregated operational indicators 
and expands the possibility of analyses related 
to the proportion of individuals vaccinated with 
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the pentavalent vaccine in MRJ. Moreover, it en-
courages the recovery of information to update 
the NIP-IS, thus reducing sub-registry. 

Gains related to the structuring of surveil-
lance systems aimed at detecting vaccination 
opportunities have been previously presented 
in Brazil16. The GeoVacina Rio Monitor addi-
tionally indicates children with late vaccination, 
as well as those who are in the recommended 
age group for the third dose of the pentavalent 
vaccine, with improvements in terms of com-
municating information to the health profes-
sionals. Therefore, in addition to being a tool for 
vaccination recovery, it also shows potential for 
preventing vaccination delays, since it advises of 
the opportunity of vaccination before the delays 
actually occur. 

Initially, the pentavalent vaccine was prior-
itized for use in the tool, as was historically in-
cluded in national monitoring programs, where-
as currently, pentavalent coverage is informed 
to the Health Surveillance Actions Qualification 
Program19. Considering this immunobiological 
agent, from January 2023 to January 2024, bet-
ter results were observed in the D3 proportion, 
including a decrease in the number of PCUs 
with the worst scenario (proportion of vaccinat-
ed individuals below 80.0%). This result, how-
ever, cannot be attributed exclusively to the tool, 
since its introduction was part of an expanded 
strategy for the recovery of VC throughout the 
city. It is, however, evident that the change in the 
scenario was more noticeable from May 2023 
onward, when the tool was made available for 
the entire network. 

It appears that offering a support channel 
has favored engagement and dissemination of 
the tool among health professionals. In meet-
ings of the municipality’s network of health sur-
veillance, the GeoVacina Rio Monitor has been 
mentioned when the issue of VC is discussed, as 
it allows each area to have direct active search 
strategies in its region. The dissemination of the 
results of an analysis of health status retrofeeds 
the indicator development process and reinforc-
es the connection between the objectives of the 
health organizations and those of medical pro-
fessionals27. 

Limitations of the tool are related to a great-
er appropriation of the tool by professionals, 
availability and availability of the FHS records 
and data quality. The initial limitation regarding 
the use of the tool stemmed from the learning 
curve of professionals, which was addressed by 
support and training. Understanding the anal-

ysis’ methodology, together with the indicators 
displayed, was essential in the process of the 
appropriation of the tool in its many uses, but 
there is a clear need for continuous training. 
Another limitation is availability and opportune 
regularity of the EPR records, considering the 
large volume and the fragmentation of the data. 
It is crucial that the data obtained be reliable in 
order to achieve greater precision in the final 
analysis. The integration of the tool with the 
EPR posed considerable challenges, hence the 
need for constant updating of the Evaluation of 
Immunization Programs.

Conclusion

In the context of digital changes in public health, 
the GeoVacina Rio Monitor can be seen as a 
major ally for the recovery of VC and for im-
provements in the quality of recorded data. The 
monitor indicates regions and children at high-
er risks and enables the proper guidance of ac-
tions based on epidemiological intelligence, fa-
voring access to vaccines, by home vaccination 
via the FHS, by extramural vaccination points, 
or at PHUs, after communication with the re-
sponsible parties. The analysis described above 
was restricted to one single immunizer and one 
limited age group. However, the tool has been 
adjusted in order to include other vaccines. 
When considering larger volumes of records 
and processing, more complex algorithms are 
being developed by the EIC.  This is a key proce-
dure for the identification of vulnerable groups 
and for the follow-up on VC trends for different 
immunobiological agents, in turn providing a 
broader view, with greater quality, on the vac-
cination status of the population. In addition to 
vaccination, it also can be seen as an invaluable 
tool in the coordination of infant health care. 

This kind of strategy, which aligns epidemi-
ological intelligence with territoriality of immu-
nization actions, can be applied in other towns, 
even those with limited technological resources. 
It is the role of each PA to know their children 
and to organize itself in such a way that teams 
can search for those on their lists, resulting in ex-
panded VC. A model such as the GeoVacina Rio 
Monitor, with a geographically based app, will re-
quire more resources, which are often available in 
the Health Secretaries; however, not everyone in 
the administration knows about those resources 
or that they can be acquired and used by person-
nel trained for the development of the tool. 
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