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ABSTRACT
Background  While the COVID-19 pandemic may 
have substantially hindered the provision of routine 
immunisation services worldwide, we have little data on 
the impact of the pandemic on vaccine supply chains.
Methods  We used time-series analysis to examine global 
trends in vaccine sales for a total of 34 vaccines and 
combination vaccines using data from the IQVIA MIDAS 
Database between August 2014 and August 2020 across 
84 countries. We grouped countries into three income-level 
categories, and we modelled the changes in vaccine sales 
from April to August 2020 versus April to August 2019 
using autoregressive integrated moving average models.
Results  In March 2020, global sales of vaccines dropped 
from 1211.1 per 100 000 to 806.2 per 100 000 population 
in April 2020, an overall decrease of 33.4%; however, the 
vaccine sales interruptions recovered disproportionately 
across economies. Between April 2020 and August 2020, 
we found a significant decrease of 20.6% (p<0.001) in 
vaccine sales across high-income countries (HICs), in 
contrast with a significant increase of 10.7% (p<0.001) 
across lower middle-income countries (LMICs), relative 
to the same period in 2019. From August 2014 through 
August 2020, monthly per capita vaccine sales across HICs 
remained, on average, at least four times higher than in 
LMICs and nearly three times higher than in upper middle-
income countries.
Conclusion  Our study revealed the heterogeneous impact 
of COVID-19 on vaccine sales across economies while 
underlining the substantial consistent disparities in per 
capita vaccine sales before and during the first wave of the 
COVID-19 pandemic. Action to ensure equitable distribution 
of vaccines is needed.

INTRODUCTION
Vaccination is one of the most important 
public health interventions that has signif-
icantly reduced the burden of infectious 
diseases worldwide.1 2 The universal admin-
istration of these vaccinations remains a 
cornerstone of public health globally. More 
recently, the COVID-19 pandemic has signif-
icantly impacted the global economy and 

disrupted health systems worldwide. Most 
countries are yet to recover from the imme-
diate effects of SARS-CoV-2 that has infected 
at least 220 million people worldwide and 
caused over 4.5 million deaths by the end 
of August 2021.3 Countries were affected by 
the pandemic differently, as evidenced by the 
disproportionate effects of the virus on popu-
lations,4 and the success—or lack thereof—to 
contain the spillovers of the pandemic has 
been linked with governance systems.5

Key questions

What is already known?
►► Vaccine distribution is at risk of disruption during a 
global health emergency.

►► Supply constraints are an essential aspect of the 
health system that could limit service uptake.

What are the new findings?
►► Shortly after the COVID-19 pandemic declaration, 
vaccine sales plummeted globally by over 33% in 
April 2020.

►► The overall impact of COVID-19 on vaccine supply 
chains was heterogeneous across economies.

►► Between April 2020 and August 2020, high-income 
countries (HICs) experienced a significant decrease 
of 20.6% in overall vaccine sales, in contrast with 
a 10.7% significant increase across lower middle-
income countries (LMICs), relative to the same pe-
riod in 2019.

►► Between August 2014 and August 2020, the monthly 
per capita vaccine sales in HICs were, on average, 
at least four times higher than in LMICs and near-
ly three times higher than in upper middle-income 
countries.

What do the new findings imply?
►► If vaccine sales continue to mirror the current per 
capita figures, more disparities across economies 
would be prevalent.

►► Action to ensure equitable distribution of vaccines 
is needed.

http://gh.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjgh-2021-006874&domain=pdf&date_stamp=2021-11-02
http://orcid.org/0000-0003-2544-767X
http://dx.doi.org/10.1136/bmjgh-2021-006874
http://dx.doi.org/10.1136/bmjgh-2021-006874


2 Zeitouny S, et al. BMJ Global Health 2021;6:e006874. doi:10.1136/bmjgh-2021-006874

BMJ Global Health

During a period of intense pressure on health systems, 
significant resources were repurposed to combat the 
increasing influx of patients with COVID-19, limiting 
attention to other health priorities. While vaccination 
coverage has stagnated over the last decade and remains 
far from complete in many countries,6 the surge of 
the COVID-19 pandemic has temporarily and justifi-
ably disrupted vaccine delivery.7 Not only were routine 
immunisation activities affected but also preventive vacci-
nation campaigns were suspended.8 9 Primary health-
care enforced triage and the administration of routine 
vaccines dropped significantly during the early stages of 
the COVID-19 pandemic,10 11 together with declines in 
childhood visits and vaccination coverage.12 13 Several 
organisations have highlighted the increased vulnera-
bility of children to vaccine-preventable diseases threat-
ened by the emergence of COVID-19.7 14 The impact 
of the pandemic and associated disruptions on child 
vaccination were unprecedented, leaving 22.7 million 
children missing out on vaccination, 3.7 million higher 
than in 2019 and the highest recorded number of unvac-
cinated and undervaccinated infants since 2009.8

Reported reasons for COVID-19-induced disruptions 
to immunisation include an interplay of multiple factors 
such as reasonable concerns of COVID-19 infection 
and transmission, lockdowns and mobility restrictions, 
and limitations to service provision and immunisation 
outreach activities.12 15 Further, COVID-19 has imposed 
a strain on global manufacturer production capacities, 
supply availability and distribution. As a result of flight 
cancellations, border closures and transport disrup-
tions, countries’ and suppliers’ shipment plans were 
significantly impacted.16 Demand for drugs was severely 
affected, and pharmaceutical shortages shed light on 
the flaws in the global supply chain that could compro-
mise the response to new waves of COVID-19 and other 
pandemics.17 In the context of a public health emer-
gency, governments and international organisations are 
faced with a series of challenges, including supply chain 
and logistics associated with safe storage, deployment, 
administration and disposal of vaccines.18

The impact of the COVID-19 pandemic on the fragility 
of the global vaccine supply chain in responding to a 
pandemic is yet to be unravelled with real-world data. This 
study focuses on vaccine sales as a key pillar to vaccine 
supply during a period of paradigm shifts in demand and 
uncertainties in their production and deployment. Our 
analysis aims to provide a regional view of the impact of 
the COVID-19 pandemic on vaccine sales across 84 coun-
tries and the ongoing dynamics of vaccine sales before 
and during the pandemic.

METHODS
Data sources and setting
We used data from the IQVIA MIDAS Database 
between August 2014 and August 2020. This dataset 
included monthly vaccine sales from 66 countries and 2 

geographical regions (Central America (N=6 countries) 
and French West Africa (N=12 countries)). On average, 
IQVIA MIDAS Database covers 89.5% of all country-level 
retail and hospital-based pharmaceutical sales across its 
market coverage. It is reconciled for returns and is vali-
dated against alternate sources.19 20 More information 
describing the IQVIA MIDAS sales data can be found in 
the online supplemental appendix A.

We used the 2021 World Bank (WB) country classifica-
tion of economies to group countries into distinct income-
level categories as characterised by their gross national 
income per capita.21 The countries for which data were 
available fell into three economies: high-income coun-
tries (HICs), upper middle-income countries (UMICs) 
and lower middle-income countries (LMICs). We did not 
group the two geographical regions under the WB classi-
fication as they include a congregation of countries that 
fall into different income-level categories (online supple-
mental table 1). Nevertheless, we accounted for these 
regions under the ‘All regions and countries’ category. 
We excluded Venezuela as it experienced high hyperin-
flation rates during our study period (data not shown).

We defined monthly vaccine purchases using stan-
dardised units (ie, single doses or vials) of retail vaccine 
sales, and we estimated midyear population sizes based 
on the United Nations 2019 Urbanization Prospects.22 
We included a total of 34 infants, adolescents, adults and 
all age group vaccines, as recommended by the WHO. 
The WHO routine vaccine schedule lists the recom-
mended vaccines for all immunisation programmes, 
certain geographical regions, high-risk populations and 
immunisation programmes with certain characteristics.23 
Given the wide-ranging indication of seasonal influenza 
vaccine, recommended yearly for individuals aged 6 
months and above,24 it accounted for the major market 
share of vaccine sales across HICs. Additionally, given the 
large variation in influenza burden and seasonality differ-
ences by country, we excluded seasonal influenza vaccine 
since it could make the comparison more challenging. 
Nonetheless, we presented the results including seasonal 
influenza vaccine in the online supplemental figure 1 
and appendix B.

Statistical methods
We used time-series analysis to investigate the impact of the 
COVID-19 pandemic on global vaccine sales.25 We plotted 
monthly purchased standard units of vaccines per 100 000 
population by the WB classification of country-income levels 
and geographical location (figure  1 and online supple-
mental figure 1) from August 2014 to August 2020. For each 
vaccine, we constructed measures of relative changes in per 
capita vaccine sales defined as the difference in the number 
of vaccine units per 100 000 population purchased in a time 
period of 2020 relative to the same period in 2019. Further, 
we mapped the percentage changes in vaccine sales trends 
in the early stages of the COVID-19 pandemic. Additionally, 
we reported month-to-month comparisons in overall rates 
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of vaccine sales by country from February through April 
2020 relative to 2019.

Following visual presentation, we used autoregressive inte-
grated moving average models to evaluate relative temporal 
trends in vaccine sales. Based on our model, we estimated 
percentage changes in vaccine purchases across all surveyed 
countries falling into each of the three income-level cate-
gories between April and August 2020, relative to the same 
period in 2019. For each vaccine, sales trends were plotted 
against time by income-level categories to detect the non-
stationarity of time series. To determine the trends in vaccine 
sales, we fit a ramp function (April through August 2020 
vs 2019) in the models. We fitted four models of different 
orders and selected the model with the lowest Akaike infor-
mation criteria.26 All models were implemented using SAS 
V.9.4.

Patient and public involvement
Prior to initiating this research, we engaged multiple stake-
holders from healthcare organisations, academic institu-
tions and non-governmental organisations. These stake-
holders were involved in identifying the research questions 
in our analyses.

RESULTS
Global vaccine purchases
Time series plotted in figure  1 shows vaccine sales 
between August 2014 and August 2020 across coun-
tries covered by the MIDAS Database. Globally, the 
total number of vaccines purchased monthly ranged 
between 37.7 million and 91.8 million units, with an 

average (SD) population-standardised vaccine units of 
989.2 (200.3) per 100 000 population. Following the 
declaration of the COVID-19 pandemic by the WHO 
in March 2020, global sales of vaccines dropped from 
1211.1 per 100 000 population to 806.2 per 100 000 
population in April 2020, an overall decrease of 33.4% 
(figure  1). Between April and August 2020, global 
trends in vaccine sales showed an overall significant 
decrease of 9.5% (p<0.001, table  1) relative to the 
same period in 2019. Vaccine purchases for all vaccines 
decreased globally except for the combined diphtheria, 
tetanus, pertussis (DTP)–hepatitis B that experienced a 
significant increase of 23.5%. The WHO recommended 
vaccines for all immunisation programmes, including 
BCG, DTP, diphtheria and the combined diphtheria–
tetanus–polio experienced global decreases in sales. The 
WHO recommended vaccines for certain geographical 
regions, including yellow fever, Japanese encephalitis 
and tickborne encephalitis, also experienced signifi-
cant global reductions in sales. The pattern is similar 
for vaccines recommended for some high-risk popula-
tions such as typhoid, varicella and hepatitis A. These 
global sales reductions ranged from 9.1% to 82.5% 
(table 1 and online supplemental figure 3).

Income-level heterogeneity of vaccine purchases
Between August 2014 and March 2020, the rate of 
vaccine sales across HICs averaged (SD) 2314.9 (488.1) 
units per 100 000 population as compared with 852.1 
(293.9) per 100 000 population in UMICs, and 524.4 
(168.0) per 100 000 in LMICs (figure  1). The wide 

Figure 1  Average per capita vaccine sales between August 2014 and August 2020 by country income level category.
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discrepancies in vaccine sales pattern held in the post-
pandemic period. Between April 2020 and August 
2020, the average monthly per capita vaccine sales in 
HICs was 1772.1 (371.7) per 100 000 population, equiv-
alent to over double the vaccine sales rates across both 
UMICs with 828.6 (200.9) per 100 000 population and 
LMICs with 716.6 (145.6) per 100 000 population.

The percentage changes in per capita vaccine sales 
from January to March 2020 and from April to August 
2020 relative to the same periods in 2019 are mapped 
in figure  2A and figure  2B, respectively. There is a 
striking contrast between economies, with most HICs 
experiencing a relative decrease in vaccine sales in 
the early stages of the pandemic. Notably, the USA, 
Canada, New Zealand, Australia, and select countries in 
Europe such as Ireland, Poland, UK, the Netherlands, 
Slovenia, Spain, Norway, Czech Republic, Belgium, 

and Hungary had over 25% relative decrease in overall 
vaccine sales. Meanwhile, Belarus, the Philippines, Lith-
uania, Mexico, Korea, Romania, French West Africa 
and Central America had over 30% increase in vaccine 
sales in the same period relative to 2019 (figure 2B and 
online supplemental figure 4).

As shown in table 1, the pattern in vaccine sales in the 
first months of the pandemic differed across economies. 
UMICs experienced a non-statistically significant overall 
decrease of 9.3% in vaccine sales, with the estimated 
changes across vaccine type shuffling with no apparent 
trend. Interestingly, the model-based estimates of the 
percentage change in the rate of vaccine sales revealed a 
significant increase of 10.7% (p<0.001) in vaccine sales 
across LMICs, in contrast with a significant decrease 
of 20.6% (p<0.001) across HICs, in April–August 2020 
relative to the same period in 2019 (table 1).

Figure 2  Global trends in model-based estimates of the percentage change of per capita vaccine purchases (excluding 
seasonal influenza vaccine) between the post-pandemic and pre-pandemic period. No data were available for the countries 
in grey. Data source: IQVIA SMART Global MIDAS Edition Monthly Sales. (A) Global changes of per capita vaccine sales in 
January–March 2020 as compared with January–March 2019. (B) Global changes of per capita vaccine sales in April–August 
2020 as compared with April–August 2019.

https://dx.doi.org/10.1136/bmjgh-2021-006874
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Various patterns in vaccine purchases by recommendation
Vaccines recommended for routine immunisation for 
children experienced significant decreases in sales across 
both HICs and LMICs. The hepatitis B vaccine, recom-
mended for all children worldwide, with the first dose 
administered immediately at birth followed by two or 
three doses to complete the vaccination series, expe-
rienced significant sales decreases of 21.6% and 31.1% 
across LMICs and HICs, respectively. The hepatitis A 
vaccine, routinely recommended for children in highly 
endemic hepatitis A countries or travel-related purposes 
to these areas, experienced significant sales decreases of 
24.7% and 50.7% across LMICs and HICs, respectively. 
Meningococcal vaccine, recommended for children in 
some immunisation programmes or required for travel-
related purposes to certain areas, experienced significant 
sales decreases of 39.4% in LMICs and 19.4% in HICs. 
Measles, mumps and rubella (MMR) vaccine sales signif-
icantly dropped by 21.4% and 29% across LMICs and 
HICs, respectively, and the monovalent rubella vaccine 
sales decreased by 29.2% in LMICs. Nevertheless, the 
crude volume of MMR vaccines was notably higher in 
HICs with 498 units per 100 000 population, as compared 
with 18.2 units per 100 000 population in LMICs in the 
first months of the pandemic. Except for tetanus, rabies 
and the combined DTP–Haemophilus influenzae type 
b (Hib), the wide disparities in the per capita vaccine 
sales between HICs and LMICs were observed with every 
vaccine included in this study.

We also detected divergent and distinct patterns in the 
sales of routine vaccines and vaccine-preventable diseases 
across economies. A minor increase in relative vaccine 
sales for pneumococcal (3.9%) and rotavirus (1%) 
vaccines was observed in HICs as opposed to a decrease 
of 15.8% and 21.5%, respectively, in LMICs. BCG vaccine 
sales administered immediately after birth in most LMICs 
increased by 13.9% in LMICs. In contrast, the human 
papillomavirus (HPV) vaccine, recommended for girls 
aged between 9 and 14 years old and boys in some coun-
tries, experienced a significant drop of 44.6% in sales in 
LMICs. The monovalent tetanus vaccine, recommended 
for wound management for adults, experienced a signifi-
cant sales drop of 22.6% in HICs.

Our analysis also showed a considerable reduction in 
the sales of travel-related vaccines across HICs. In the first 
few months of the pandemic, the sales of travel-required 
yellow fever vaccines fell by 84.7%. Moreover, the sales of 
travel-recommended vaccines such as typhoid and rabies 
decreased significantly by 93.9% and 67.7% in HICs, 
respectively (table 1).

Vaccine purchases by countries
When examining month-to-month variations in vaccine 
sales on country level, we detected minor changes in 
February 2020 except for a 1159% relative increase in 
Pakistan. Relative to the same months in 2019, the shift 
in the vaccine sales trends appeared in March 2020, 
varying between a relative drop of 70% to a rise of 343%. 

It persisted through April 2020, with more countries 
experiencing relative plunges in vaccine sales up to 
200% (online supplemental figure 2). Further investiga-
tions revealed that the highest vaccine sales escalations 
in those periods correspond to an oversupply of rabies 
vaccine to Pakistan in February 2020, and Hib vaccine to 
Central America in March and April 2020.

DISCUSSION
Main findings
COVID-19 had a significant impact on economies and 
healthcare systems worldwide. We found that shortly after the 
COVID-19 pandemic declaration, vaccine sales plummeted 
globally by over 33% from March to April 2020. However, 
the vaccine sales interruptions recovered at a differential 
rate across economies. Between April 2020 and August 
2020, HICs experienced a significant decrease of 20.6% 
in overall vaccine sales, in contrast with a 10.7% significant 
increase across LMICs, relative to the same period in 2019. 
At the same time as showing these impacts, our study also 
highlights the consistent disparities in per capita vaccine 
purchases before and during the COVID-19 pandemic. 
Between August 2014 and August 2020, the monthly per 
capita vaccine sales in HICs were, on average, at least four 
times higher than in LMICs and nearly three times higher 
than in UMICs.

Abrupt reductions in global vaccine sales shortly after the 
COVID-19 pandemic declaration
Our findings demonstrate an abrupt reduction of global 
vaccines sales in April 2020 relative to March 2020, reflecting 
the moderate to severe disruptions or complete suspension 
of immunisation programmes and services reported by half 
of the countries worldwide.7 The changes to vaccination 
programmes resulted in inaccurate forecasting plans and 
inefficient procurement strategies by countries,16 which 
have further strained manufacturers’ capacity alongside 
shortages in drug inventories of active pharmaceutical ingre-
dients.27 Beyond government-imposed lockdowns, flight 
cancellations and countries’ trade restrictions have severely 
constrained vaccine production, shipments and their timely 
delivery, as reported by UNICEF, one of the world’s largest 
procurers of vaccines.9 16

Market recovery
Our study shows that vaccine sales interruptions recovered 
disproportionately across economies between April and 
August 2020, with over a 10% increase in vaccine sales across 
LMICs compared with an over 20% decrease across HICs. 
This could be linked to differences in the procurement 
modalities of vaccines, financing of vaccines programmes, 
and vaccine deployment and administration across econo-
mies. Low- and middle-income countries tend to finance their 
vaccine programmes through national healthcare spending, 
Gavi and other development partners to cover vaccines, 
supply chains and service delivery.28 In contrast, higher 
income countries finance their vaccination programmes 
through their national healthcare budgets.29 Shortly after 

https://dx.doi.org/10.1136/bmjgh-2021-006874
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the pandemic declaration, significant human and financial 
resources devoted to vaccinations were diverted to respond 
to the unprecedented COVID-19 healthcare needs in HICs.9 
The repurposed funds reallocated to the pandemic response 
may explain the relative reduction in vaccine sales across 
HICs.

While the picture may seem broad, our analysis revealed 
distinct patterns in vaccine sales for routine, vaccine-
preventable diseases and travel vaccines in the post-
pandemic period. Although the severity of the impact of 
COVID-19 has varied across economies, the decreases in 
demand for vaccines were seen across HICs, reflecting 
the alteration to routine and travel-related immunisa-
tion services. Emerging evidence shows reductions in the 
administration rates of routine vaccines and primary care 
visits during initial lockdown measures in countries such as 
France, Spain, the USA and the UK.12 Furthermore, by May 
2020, all destinations worldwide have imposed some form 
of COVID-19-related travel restrictions, with 163 countries 
completely closing their borders for international tourism.30 
This could explain the large decreases in the sales of yellow 
fever vaccines, legally required to enter areas in Africa, 
Central and South America. This is also compounded by 
declines in the sales of travel-recommended vaccines such 
as typhoid, rabies, hepatitis A and meningococcal vaccines, 
which administration depends on age, health and destina-
tion.31 32

COVID-19 was also challenging for lower income countries 
with a young demographic profile at a higher risk of expe-
riencing vaccine-preventable outbreaks. To avoid another 
public health emergency amid the COVID-19 pandemic, 
the WHO and UNICEF issued new guidance on sustaining 
newborn routine vaccination programmes and temporarily 
suspending mass vaccination campaigns unless infection 
control measures are adequately implemented.33 In our 
analysis, the relative increase in BCG vaccine sales in LMICs 
may reflect the sustainability of newborn immunisation 
services as an essential health service in these settings. Our 
findings also revealed distinct drops in vaccine sales, particu-
larly with vaccines requiring multiple doses to complete the 
vaccination series such as hepatitis B and measles in HICs 
and LMICs, or vaccine-preventable diseases such as HPV in 
LMICs. These regressing trends reflect the interruptions or 
delays in childhood routine vaccination or the suspension of 
community-based immunisation campaign strategies. The 
2020 estimates of national immunisation coverage data, the 
first published report describing the global service disrup-
tions due to COVID-19, support our findings by demon-
strating reductions in the coverage of these vaccines.8 More 
particularly, the report highlights declines in hepatitis B 
coverage rates among children aged 1 year old in HICs 
and LMICs, along with a more severe drop of HPV vaccine 
coverage in LMICs.8 In addition, coverage of the first dose 
of measles dropped globally to 84% in 2020, reaching the 
lowest level since 2010,8 and the COVID-19-related disrup-
tions contributed to the surge of measles outbreaks in at least 
18 countries.34 35

Strengths and limitations
Our study should be interpreted within the context of the first 
wave of the COVID-19 pandemic. A key potential limitation 
to our study is inherent to its large-scale ecological nature. 
The governments’ response to the evolving COVID-19 
pandemic has manifested in a myriad of public health orders 
and varying degrees of restrictions on population mobility 
and borders that were exceptional to each country.36 Varia-
bility is likely to exist within a country and among countries 
grouped under one defined economy. Another limitation of 
this study is that none of the individual countries for which 
data were available fell under the low-income countries cate-
gory. The observed changes in vaccine sales across econo-
mies do not necessarily mirror the consumption of vaccines. 
Nonetheless, supply constraints are an essential aspect of the 
health system that could limit service uptake.37 Results from 
our study can inform the need for additional research to 
investigate why particular vaccine supply chains were more 
resilient during a global emergency when contrasted with 
the cascade of lockdown measures. Moreover, we have not 
explored the geopolitics and global architecture behind 
vaccine procurement to further understand the discrepan-
cies in per capita vaccine sales across economies. Further 
research investigating vaccine procurement modalities and 
their funding schemes in relation to immunisation coverage 
gaps is crucial to explain the unequal distribution of vaccines.

Our study had multiple strengths. First, we leveraged the 
use of the IQVIA MIDAS dataset that provides real-world 
data on vaccine sales across its market coverage spanning 
over all continents and across three different economies. We 
harnessed the value of the MIDAS administrative data that 
are often used and validated to present a global overview of 
vaccine sales when such data are sparse. Although we focused 
on purchases as the driving element of vaccines supply, such 
evidence remains the best information currently available 
during a period of unprecedented shifts in drug supply and 
demand to uncover some of these nuanced trends.

CONCLUSION
In the context of the rapidly evolving nature of the 
COVID-19 pandemic and emerging disease outbreaks, this 
study provides valuable data on the discrepancies of vaccine 
sales over time and across country-income groups, thus 
contributing to a timely gap in the literature concerning 
COVID-19-induced disruptions to vaccines. This analysis 
should be repeated in the future to monitor changes in per 
capita vaccine sales, and action is critical to support adequate 
and equitable distribution of vaccines worldwide. Finally, to 
mitigate the long-term impact of the first pandemic wave, 
health system planners need to mobilise resources to inten-
sify catch-up immunisation services and regenerate commu-
nity demand to avoid the resurgence of vaccine-preventable 
diseases and close immunisation gaps.
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