Effects of the COVID-19 pandemic on routine pediatric vaccination in Brazil
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Abstract
Background: COVID-19 pandemic has disrupted health services, including vaccination demand. We describe the impact of the COVID-19 pandemic on routine pediatric vaccination in Brazil.
Research design and methods: We conducted a retrospective analysis of all vaccine doses provided to children aged 0-6 years from January 2019 to December 2020. We obtained data stratified by age group (0 to 2 years and >2 to 6 years) and Brazilian region. Difference-in-difference (DiD) analyses were performed to compare vaccine uptake in the pre-pandemic (January-February), stay-at-home (March-June), and reopening (July-December) periods.

Results: The number of vaccine doses administered declined in the stay-at-home period. For children aged 0 to 2 years, the highest reductions were recorded in the North (-25.3%), Northeast (-16.8%) and Central-West (-10.2%) regions. For children aged >2 to 6 years, the highest decline was observed in the North (DiD = -27.2%) and South (DiD = -14.0%) regions. The number of vaccine doses administered in the reopening period has slightly increased in all regions.
Conclusions: Vaccination decreased during the COVID-19 pandemic. Although the number of doses recovered in part during the reopening phase, additional strategies, such as increased public awareness and vaccination booster campaigns are required.
Keywords: Vaccine-preventable diseases; COVID-19; Vaccination programs; Immunization services; Brazil.

1. Introduction

In February 2020, the first cases of Coronavirus Disease 19 (COVID-19), caused by the Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), were detected in Brazil, followed by its spread across the country. States reacted to this threat by instituting non-pharmaceutical interventions (NPIs), including population quarantine, social distancing, staying-at-home and limitations of out-of-home activities [1]. 

Movement restrictions impact health seeking behavior and the delivery of non-COVID-19 preventable interventions, such as immunizations [2–5]. Industrialized countries, such as the US and the UK have reported that NPIs have resulted in reductions in vaccine uptake in children, despite the World Health Organization (WHO), the United Nations Children´s Fund (UNICEF), the Centers for Disease Control and Prevention (CDC) and the American Academy of Pediatrics (AAP) emphasizing the importance of maintaining vaccination uptake, particularly in young children [6–11]. Similarly, the Brazilian Society of Pediatrics issued a population call to maintain childcare and immunization during the pandemic [12], as most vaccine-preventable diseases (VPDs) require high vaccination coverage to prevent outbreaks, and reductions in vaccination coverage increase the risk of disease re-emergence [13–15].
The Brazilian National Immunization Program (NIP) provides vaccines for more than 20 VPDs, which are free of charge  for children and adults [16] and approximately 16.0 million children aged 0-6 years are eligible for vaccination each year. The NIP information system (SI-PNI) registers the number of vaccine doses administered each year to monitor vaccination coverage [16]. We have used the PNI databases to assess the impact of the COVID-19 pandemic on routine pediatric vaccinations in the country. 

2. Methods

2.1. Study design and setting

We conducted a retrospective analysis of all vaccine doses provided to children aged 0-6 years old in Brazil from January 2019 to December 2020. Brazil is divided geopolitically into five regions: North, Northeast, Central-west, Southeast and South and circa ~16.0 million of its 210 million population are 0-6 years old. The proportion of the population aged 0-6 years old varies by region, from 7% in the Northeast, Southeast and South regions, 8% in the Central-West and 9% in the North region. 

2.2. Data source and measures

Data on the provided vaccines were obtained from the SI-NIP [17], which contains data of all doses of vaccines administered in the country, stratified by age, date and municipality, allowing aggregation by state and region. We obtained the monthly number of vaccine doses administered to children 0 to 24 months and >2 to 6 years old by region from January 2019 to December 2020. We analyzed the number of all vaccines given to this age group including measles-containing vaccines as health agencies have highlighted the importance of measles vaccination. This virus had been considered eliminated in Brazil in 2016 but new outbreaks and deaths were reported in 2018 [18]. We obtained the number of vaccine doses administered between the pre-pandemic (January and February), stay-at-home (March to June), and reopening periods (July to December). The stay-at-home and reopening periods were defined by the state’s decrees of contingency measures and the Intensive Care Unit (ICU) occupancy rate. ICU occupancy rates were obtained from DATASUS [19] and higher rates determined the stay-at-home period, while lower rates determined the reopening period. During the stay-at-home period, restriction measures were similar across all regions. All non-essential services were closed (e.g., pubs, restaurants, shopping centers, sporting events, schools, and others) and only services considered essential remained open (e.g., supermarkets for food sales, hospitals, outpatient clinics, healthcare facilities, pharmacies and petrol stations). During the re-opening period, activities considered non-essential were resumed, except for the re-opening of schools. It is worth noting that the re-opening from July 2020 was carried out gradually in all regions, and the opening hours of commercial establishments were limited.  
2.3. Data analysis        

The percentage differences of vaccine doses administered during the pre-pandemic, stay-at-home and reopening periods were calculated by comparing them to the same months in 2019. To control for period changes, we conducted difference-in-difference (DiD) analyses and estimated adjusted percentage differences and 95% confidence intervals (CIs) during the stay-at-home and reopening periods using Poisson regression models, adjusting for the percentage difference in vaccine doses administered during the pre-pandemic period in 2020. The difference-in-differences approach uses repeated cross-sectional data collected before and after an event. The difference-in-differences estimator corresponds to the difference in two before-after differences observed in an exposed and non-exposed group. In our analyses, the exposed condition was represented by the months from January to December of the pandemic year 2020, while January to December 2019 were our non-exposed condition. We used the software R Core Team 2021 (Version 4.0.4) and adopted 5% significant level in all analysis. 

2.4. Ethical consideration

The study did not require approval from an ethics committee as the databases used are in the public domain and do not contain individual identifiers.

3. Results

3.1. All vaccines

A total of 57,030,063 and 57,097,635 vaccine doses were administered to children aged 0 to 6 years in 2019 and 2020, respectively. The monthly number of vaccine doses declined from early March 2020 compared to the same period in 2019 (Figure 1).

Overall, there was a reduction in the numbers of vaccine doses administered to children aged 0-2 years and in all regions in the 2020 pre-pandemic period, with the largest reductions reported from the Northeast (-16.0%) and North (-13.1%) regions. Conversely, there was an increase in the number of doses of vaccines applied for children >2 to 6 years old in the same period (Table 1). 

The number of vaccine doses administered in all regions declined further in the stay-at-home period compared to the corresponding months in 2019, with the 0 to 2 years age group reporting the highest reductions in the North (-25.3%), Northeast (-16.8%) and Central-West (-10.2%) regions. The difference in the North region was the highest after adjustment (adjusted DiD = -15.2%; 95%CI -15.6 to -14.8). The highest decline in the number of vaccine doses administered for children >2 to 6 years old were observed in the North (DiD = -27.2%; adjusted DiD = -47.8%; 95%CI -48.6 to -46.9) and South (DiD = -14.0%; adjusted DiD: -23.9%; 95%CI -24.6 to -23.2) regions (Table 1).

In contrast, the number of vaccine doses administered in the reopening period increased in all regions, with the highest increase for children aged 0 to 2 years reported in the Northeast (adjusted DiD = 17.6%; 95%CI 17.4 to 17.8) and Central-West (adjusted DiD = 16.1%; 95%CI 15.7 to 16.5) regions; and for children aged >2 to 6 years in the Northeast (adjusted DiD = 38.5%; 95%CI 38.0 to 39.1) and South (adjusted DiD = 35.0%; 95%CI 34.4 to 35.7) regions (Table 1).

3.2. Measles-containing vaccines

The number of measles-containing vaccines administered increased in the pre-pandemic period for 0-2 and >2-6 years old children in all regions. However, when adjusted by the number of vaccines administered in 2019, there was a decrease in the number of doses administered during the stay-at-home and reopening periods. During the stay-at-home period, the highest decreases for children aged 0-2 years were registered in the North (adjusted DiD = -21.8%; 95%CI -22.9 to -20.7), Northeast (adjusted DiD = -13.1%; 95%CI -13.8 to -12.4) and South (adjusted DiD = -13.4%; 95%CI -14.3 to -12.5) regions and the adjusted decreases for children aged >2-6 years were above 50% for all regions (Table 1). During the reopening period, there were also substantial declines in the number of doses of measles containing vaccines administered, with a decline over 49% in children aged 0-2 years and over 75% (95%CI -77.2 to -74.6) in children >2-6 years old. The decline in the latter group was over 80% in the North (adjusted DiD = -90.6%; 95%CI -93.5 to -87.8), Northeast (adjusted DiD = -98.8%; 95%CI -101.4 to -96.2) and Southeast (adjusted DiD = -80.9%; 95%CI -83.3 to -78.4) regions.    

4. Discussion

This population-based study of a national cohort of children aged 0-6 years found significant reductions in the number of vaccines administrated to children during the COVID-19 pandemic in Brazil. The number of vaccine doses declined during the period of restricted movement but recovered in the reopening period to pre-pandemic numbers. However, the number of measles-containing vaccines has not recovered at the same rate as other vaccines. 

Brazilian Unified Public Health System (Sistema Único de Saúde, SUS) provides universal vaccine services, which has increased their access across the country, improving health outcomes and reducing health inequities over several decades [16,20]. However, since 2016 there have been declines in vaccination coverage in all regions [16,21], which appear to have been aggravated during the COVID-19 pandemic, especially for measles-containing vaccines. Poorer regions (the North and Northeast) had greater reductions than more developed and wealthier regions in the Southeast and South, while the Central-West region, which has intermediate development and socioeconomic indicators also had intermediate vaccine reductions.

As other localities [6–11,22], the lower number of vaccine doses administered coincided with the implementation of social distancing policies, including stay-at-home or shelter-in-place orders. However, vaccination uptake declines were heterogeneous across settings and likely associated with the stringency of movement restrictions, burden of COVID-19 and access to health facilities, including whether immunization centers were functioning. 
The stricter the restriction measures to mitigate out-of-home movement, the higher the decline in vaccination coverage [7–10]. In Brazil, despite the absence of a coordinated national strategy, states in all regions adopted strict restrictive measures from March to June. Non-essential activities were suspended, with restaurants, bars, shopping centers and schools being closed. There was also a prohibition on public events to avoid crowds (e.g. sporting and music events); and only activities and services considered essential remained open, such as pharmacies, hospitals and healthcare facilities. The offering of services in the primary health care units also changed during the stay-at-home period [23]. ﻿In the contingency plan for coping with the COVID-19, several primary care units were designated as reference units for the treatment of respiratory syndromes [23,24]. Although the vaccination service had not been suspended, this designation created a barrier to access the vaccination rooms, as people avoided taking their children to these primary healthcare units. 
Brazil has been one of the countries most severely hit by COVID-19. Despite the wide spread of COVID-19 across all regions, the states of the North region had the highest incidence and mortality rates during 2020, particularly in the early months of the pandemic [25]. The higher burden of COVID-19 in this region have resulted in stricter measures of movement restriction, as well as impact health services in both the hospital and primary health care network. As the Brazilian immunization program is based on the primary care network, overloading the primary care network reduced the opportunities for vaccination.
Missed vaccination opportunities can lead to incomplete vaccination schedules, increasing children’s susceptibility to VPDs with negative individual and collective effects and predispose to the re-emergence of diseases in the country, such as measles. Measles outbreaks often occur when vaccination coverage does not reach 90-95%, which is the minimum level for establishing herd immunity [15,26]. Brazil was certified as having eliminated measles in 2016. In 2018, Brazil faced the re-introduction of the measles virus, with outbreaks occurring in 11 out of 27 states, totaling 10,326 confirmed cases, followed by 15,914 cases in 2019. In 2020 the number of measles cases was lower than in the previous two years, probably due to the vaccination campaigns in 2018-2019 [18]. Because of the decline in the administration of measles-containing vaccine doses during the COVID-19 pandemic, supplementary immunization activities are essential to maintain high measles vaccination coverage in Brazil, including a nationwide catch-up campaign.

Despite the absence of an additional national policy to promote vaccination recovery in the reopening period, Brazil vaccination program was able to recover rapidly, significantly increasing the number of doses administered in the reopening period. This resilience is likely to reflect the country’s numerous vaccination sites (36,000 vaccination sites in 5,570 municipalities) [16] and its integration with the family health strategy (Estratégia de Saúde da Família), which has community health agents who have a close relationship and is able to mobilize the community at short notice. In Brazil, community health agents go door-to-door surveying the needs of the community and raise awareness about health promotion and protection actions, including promoting awareness about the importance of updating vaccines in childhood. Regions with higher primary care coverage [27] showed the highest percentages of recovery in the number of vaccines applied.
As the COVID-19 pandemic continues, with expected future waves and a high number of cases and deaths in Brazil, it is likely that more restrictive measures will be adopted. To avoid repeating the decline in immunizations, it is necessary to take advantage of the health care network structure and community health workers to sensitize the population about the importance of immunization; prioritize the COVID-19 immunization of health workers providing children’s vaccines, ensure the provision of immunizations at each contact opportunity and, conduct catch up vaccination opportunities and events to maintain the population immunization awareness. 

We recognize our study has some limitations. Data from the information system are aggregated by age groups, vaccine type and geographical area, which limits our ability to explore confounders, and whether children missing vaccines are completely unvaccinated for all or only selected vaccines. Furthermore, the NPIs periods were not applied uniformly, and the start and end of stay-home and reopening periods varied across states. Although these differences were small and subtle, it is more difficult to ascertain how strictly the measures were adopted. Despite these limitations, Brazil is a country with continental dimensions, a unified public health system that offers free vaccines to the entire adult and pediatric population throughout the territory and an integrated information system that registers all doses administered in the public and private health services, allowing the evaluation of a pediatric population of over ~16.0 million eligible children.

5. Conclusion

In conclusion, the number of vaccine doses, including measles-containing vaccines, decreased during the COVID-19 pandemic. Although the number of doses recovered in part during the reopening phase of the pandemic, future pandemic waves may limit health care resources and vaccination opportunities. Therefore, additional strategies, including increased public awareness through national campaigns, involvement and strengthening of primary health care teams, and booster campaigns for vaccines are required. Furthermore, continued monitoring is necessary to assess the impact of possible new pandemic waves on vaccination and guide decision-makers to implement strategies to reduce disparities and decrease the risk of outbreaks of VPDs. 
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Table 1. Vaccine doses administered to children prior to and during the COVID-19 pandemic in Brazil.

	
	Pre-pandemic period
	Stay-at-home period
	
	Reopening period
	
	Total

	Variables
	2019
	2020
	DiD
	2019
	2020
	DiD
	Adjusted difference

% (95%CI)
	2019
	2020
	DiD
	Adjusted difference

% (95%CI)
	2019
	2020

	All vaccines
	
	
	
	
	
	
	
	
	
	
	
	
	

	0 to 2 years
	
	
	
	
	
	
	
	
	
	
	
	
	

	Brazil
	8889778
	8023029
	-9.7
	16108230
	14273276
	-11.4
	-1.8 (-1.9 to -1.7)
	24614597
	24876716
	1.1
	11.3 (11.2 to 11.4)
	49612605
	47173021

	North
	962057
	836361
	-13.1
	1678855
	1253524
	-25.3
	-15.2 (-15.6 to -14.8)
	2568698
	2466020
	-4.0
	9.9 (9.6 to 10.3)
	5209610
	4555905

	Northeast
	2501827
	2100344
	-16.0
	4365572
	3632592
	-16.8
	-0.9 (-1.1 to -0.7)
	6743957
	6750796
	0.1
	17.6 (17.4 to 17.8)
	13611356
	12483732

	Central-West
	740329
	668295
	-9.7
	1358351
	1219681
	-10.2
	-0.5 (-0.9 to -0.1)
	2017155
	2138603
	6.0
	16.1 (15.7 to 16.5)
	4115835
	4026579

	Southeast
	3479513
	3250445
	-6.6
	6409374
	6030310
	-5.9
	0.7 (0.5 to 0.9)
	9838292
	9809472
	-0.3
	6.5 (6.3 to 6.7)
	19727179
	19090227

	South
	1206052
	1167584
	-3.2
	2296078
	2137169
	-6.9
	-3.9 (-4.3 to -3.6)
	3446495
	3711825
	7.7
	10.7 (10.4 to 11.0)
	6948625
	7016578

	>2 to 6 years
	
	
	
	
	
	
	
	
	
	
	
	
	

	Brazil
	1269403
	1588687
	25.2
	2866247
	2781684
	-3.0
	-25.4 (-25.7 to -25.2)
	3554808
	5554243
	56.2
	22.19 (22.0 to 22.5)
	7690458
	9924614

	North
	154721
	181637
	17.4
	321009
	233772
	-27.2
	-47.8 (-48.6 to -46.9)
	408937
	526877
	28.8
	9.3 (8.5 to 10.1)
	884667
	942286

	Northeast
	306354
	340889
	11.3
	673596
	653620
	-3.0
	-13.7 (-14.3 to -13.1)
	933382
	1526682
	63.6
	38.52 (38.0 to 39.1)
	1913332
	2521191

	Central-West
	97392
	141729
	45.5
	222252
	244009
	9.8
	-28.2 (-29.2 to -27.2)
	269075
	478272
	77.7
	20.0 (19.1 to 20.9)
	588719
	864010

	Southeast
	480331
	672612
	40.0
	1151859
	1222268
	6.1
	-27.7 (-28.2 to -27.3)
	1395348
	2172713
	55.7
	10.61 (10.2 to 11.0)
	3027538
	4067593

	South
	230718
	251945
	9.2
	497802
	428192
	-14.0
	-23.9 (-24.6 to -23.2)
	548405
	850011
	55.0
	35.0 (34.4 to 35.7)
	1276925
	1530148

	Measles-containing vaccines
	
	
	
	
	
	
	
	
	
	
	
	

	0 to 2 years
	
	
	
	
	
	
	
	
	
	
	
	
	

	Brazil
	871287
	1040753
	19.5
	1622166
	1731279
	6.7
	-11.3 (-11.6 to -10.91)
	4167564
	3006513
	-27.9
	-50.4 (-50.8 to -50.1)
	6661017
	5778545

	North
	103314
	107524
	4.1
	173156
	144875
	-16.3
	-21.8 (-22.9 to -20.7)
	400583
	254409
	-36.5
	-49.4 (-50.4 to -48.4)
	677053
	506808

	Northeast
	237871
	254175
	6.9
	419783
	393554
	-6.2
	-13.1 (-13.8 to -12.4)
	1133626
	714615
	-37.0
	-52.8 (-53.4 to -52.1)
	1791280
	1362344

	Central-West
	74197
	84422
	13.8
	138647
	147436
	6.3
	-6.76 (-8.0 to -5.5)
	343603
	234754
	-31.7
	-51.0 (-52.1 to -49.9)
	556447
	466612

	Southeast
	335472
	430640
	28.4
	653321
	762861
	16.8
	-9.47 (-10.0 to -8.9)
	1698038
	1328797
	-21.7
	-49.5 (-50.0 to -49.0)
	2686831
	2522298

	South
	120433
	163992
	36.2
	237259
	282553
	19.1
	-13.4 (-14.3 to -12.5)
	591714
	473938
	-19.9
	-53.1 (-53.9 to -52.2)
	949406
	920483

	>2 to 6 years
	
	
	
	
	
	
	
	
	
	
	
	
	

	Brazil
	52352
	55351
	5.7
	116660
	64960
	-44.3
	-64.12 (-65.7 to -62.6)
	367847
	182040
	-50,5
	-75.9 (-77.2 to -74.6)
	536859
	302351

	North
	13135
	14023
	6.8
	26578
	13123
	-50.6
	-77.11 (-80.3 to -74.0)
	53010
	22866
	-56,9
	-90.6 (-93.5 to -87.8)
	92723
	50012

	Northeast
	13653
	14695
	7.6
	31551
	16933
	-46.3
	-69.6 (-72.6 to -66.6)
	102005
	40884
	-59,9
	-98.8 (-101.4 to -96.2)
	147209
	72512

	Central-West
	4597
	4943
	7.5
	12314
	6447
	-47.6
	-72.0 (-77.0 to -66.95)
	20520
	12631
	-38,4
	-55.8 (-60.7 to -51.2)
	37431
	24021

	Southeast
	13039
	15744
	20.7
	30913
	22224
	-28.1
	-51.9 (-57.7 to -49.0)
	169418
	91135
	-46,2
	-80.9 (-83.3 to -78.4)
	213370
	129103

	South
	7928
	5946
	-25.0
	15304
	6236
	-59.3
	-61.0 (-65.5 to -56.5)
	22894
	14526
	-36,6
	-16.7 (-20.7 to -12.8)
	46126
	26708
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