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Abstract

Background

COVID-19 vaccines have proven effective against severe outcomes in many settings, yet
vaccine effectiveness (VE) estimates remain lacking for Kosovo. We aimed to estimate VE
against COVID-19 infections, hospitalisations, and deaths for one and two vaccine doses
during the fourth pandemic wave in July—September 2021, the period when vaccination ini-
tially became widely available.

Methods

We analysed routine surveillance data to define cases and vaccination status as patrtially
(one dose) or completely (two doses) vaccinated. We used the screening method to calcu-
late the proportion of cases with the outcomes vaccinated (PCV). The proportion of the pop-
ulation vaccinated (PPV) was based on numbers vaccinated and the Kosovo population
estimate on 30/09/2021.

Results

Between July—September 2021, 51,804 COVID-19 cases were reported in Kosovo with
9.3% of cases partially and 3.4% completely vaccinated. Estimated vaccine effectiveness
for one dose was 93.1% (95%CI1:92.9-93.2%) for infections, 90.3% (95%CI:88.8—-91.7%)
for hospitalisations, and 90.3% (95%CI:88.4-92.1%) for deaths. Estimated vaccine effec-
tiveness for two doses was 97.8% (95%CI:97.6—97.9%) for infections, 94.5% (95%CI:93.3—
95.6%) for hospitalisations, and 94.2% (95%CI: 93.7-96.5%) for deaths.
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Conclusions

This study provides real-world evidence for COVID-19 vaccine effectiveness in Kosovo
using routine administrative data sources and the screening method. COVID-19 vaccine
effectiveness against infections and severe outcomes in Kosovo was higher with two vac-
cine doses than one dose, which is in accordance with findings from other study designs
and settings. Using the screening method in our study reflects an important initial methodol-
ogy for estimating vaccine effectiveness with routine surveillance that may be particularly
important for low- and middle-income settings with less robust surveillance systems or
fewer opportunities to conduct more robust vaccine effectiveness study designs.

Introduction

The COVID-19 pandemic has been a global challenge resulting in about six hundred million
confirmed cases and over six million confirmed deaths globally [1]. In Kosovo, according to
the data of the National Institute of Public Health in Kosovo (NIPHK), the COVID-19 pan-
demic waves from 2020 to 2022 resulted in the cumulative number of 272,258 reported cases.
As of March 13, 2020, a total of 3,202 deaths attributable to COVID-19 have been recorded
with a case-fatality of 1.17% [2].

Safe and effective COVID-19 vaccines are a powerful tool for ensuring public health and
controlling the pandemic. Results from observational studies carried out to date have indicated
that the vaccines authorized in the EU/EEA are highly protective against severe COVID-19,
hospitalization, and death [3].

In Kosovo, vaccination against COVID-19 started on March 2021 based on the State Plan
for vaccination against COVID-19, drawn up by the Committee for immunization against
COVID-19 within the Ministry of Health. Additionally, as vaccine supply was constrained,
most countries opted to prioritize vaccination in high-risk populations [4]. During the initial
roll out, vaccine prioritization focused on health workers; residents in nursing homes and all
social workers; people aged over 80 years; as well as people with chronic diseases (people on
dialysis, people with diabetes, cardiovascular disease). The second phase included the following
prioritization: people aged 65-79 years; other persons with chronic diseases; teachers and secu-
rity forces involved in the management of COVID-19. The third phase included vaccination of
approximately 50% of the general population, including the age group 40-64 years, the
remaining population with significant health conditions, and public sector workers [5].
Despite the widespread roll out of COVID-19 vaccination to the population, there remains a
lack of evidence for vaccine effectiveness for the Kosovo population.

Therefore, the aim of this study was to estimate COVID-19 vaccine effectiveness against
COVID-19 infections and severe outcomes, including hospitalization and death, during the
fourth pandemic wave in Kosovo from July 26, 2021, to September 26, 2021.

Methods
Study design and data sources

The study was conducted in Kosovo from July 26, 2021 to September 26, 2021 during the
fourth pandemic using routine surveillance data and the screening method [6].

For the study, we used data from the COVID-19 surveillance system, the immunization reg-
istry against COVID-19 and the population registry of Kosovo. COVID-19 cases were tested
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with PCR (Polymerase chain reaction) and RAT (Rapid antigen tests) in public and private
laboratories and were reported daily to the Emergency Operations Center at National Institute
of Public Health in Kosovo. COVID-19 surveillance system collected data on positive COVID-
19 cases, including age, gender, place of residence, symptoms, number of contacts, hospitaliza-
tions, and deaths. Also, after the start of the application of vaccines against COVID-19, the vac-
cination date and number of doses were reported incompletely into the surveillance system.
The PCV (proportion of cases vaccinated) was calculated using data from the COVID-19 sur-
veillance system. The PPV (proportion of population vaccinated) was calculated using data
from the vaccination registration as well as the total population from the Statistics Agency’s
register.

Definitions

Since vaccination began during pandemic wave 3 and 4, COVID-19 vaccination with one dose
was considered partially immunized and COVID-19 vaccination with two doses was consid-
ered completely vaccinated. At that time, no one in the population had received three or more
doses. A confirmed COVID-19 case was defined as a patient with a reported COVID-19 posi-
tive test result using PCR or RAT between July 26 and September 26, 2021 (fourth wave).

Data analysis

Popularized by the landmark publication in 1993 [5] and first used in 1980 [7], the screening
method [6] is used to estimate vaccine effectiveness using routine surveillance data. This
method requires availability of two types of information: (i) the proportion of vaccinated indi-
viduals in the population of interest and (ii) the proportion of vaccinated among cases. How-
ever, no vaccination information is needed for those who are not infected. This makes the
screening method a particularly suitable method for conducting vaccine effectiveness studies
in low resource settings, as information about reported cases is much easier to obtain in rou-
tine surveillance.

According to Farrington [6], the formula for calculating vaccine effectiveness (VE) by the
screening method is:

VE =1 —PCV/(1 — PCV) x (1 — PPV)/PPV

The proportion of cases vaccinated (PCV) was derived from the COVID-19 surveillance
system. We performed data cleaning before analyses, excluding any probable double instances.
To calculate PCV, the denominator included all COVID-19 cases of all age groups for the time
period reported in the surveillance system who were hospitalized, or died, while the numerator
included only vaccinated cases among those in the denominator. To calculate PPV, the
denominator included the total census population estimate on September 30, 2021 in Kosovo,
while the numerator was the number vaccinated among this population. We calculated confi-
dence intervals (CI) for the vaccine effectiveness (VE) estimate based on a binomial model
with normal approximation for infections, hospitalized cases and deaths, for a single dose and
for two doses.

Results

During the fourth COVID-19 pandemic in Kosovo from July 26, 2021, to September 26, 2021,
51,804 confirmed COVID-19 cases were recorded in the national surveillance system among
the Kosovo population (Fig 1).
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Fig 1. COVID-19 confirmed cases in Kosovo, 2020-2022 (circled—The fourth COVID-19 pandemic wave—Study period).

https://doi.org/10.1371/journal.pone.0305629.9001

Among these confirmed cases, 56% were female; 80% were reported in the adult population
(19-64 years). Among confirmed COVID-19 cases, 9% were vaccinated with one dose (par-
tially vaccinated), 3% with two doses (completely vaccinated), while 84% of confirmed
COVID-19 cases were unvaccinated (Table 1). 2.3% of cases (1,194) were hospitalized, and

1.4% (701) died.

Based on the screening method, the vaccine effectiveness of having one COVID-19 vaccine
dose during the study period was 93.1% (95%CI, 92.9-93.2%) for infections, 90.3% (95%CI,
88.8-91.7%) for hospitalizations and 90.3% (95%CI, 88.4-92.1%) for deaths (Table 2), indicat-
ing a 93.1%, 90.3%, and 90.3% reduction in the risk of developing the outcome of COVID-19
infection, hospitalization, or death, respectively, among people receiving one vaccine dose

compared with unvaccinated individuals.

Table 1. Characteristics of Covid-19 confirmed cases during the fourth pandemic wave in Kosovo, July 26, 2021

to September 26, 2021.

Characteristics Covid-19 cases n (%)
Sex Male 22,849 (44.1)
Female 28,955 (55.8)
Age groups 0-18 5,465 (10.5)
19-64 41,182 (79.5)
65-79 4,363 (8.4)
80+ 7,94 (1.5)
Number of Covid-19 vaccine doses administered None 43,507 (83.9)
One dose 48,31 (9.3)
Two doses 1,747 (3.4)
Three doses 0 (0.0)
Not reported 1,719 (3.3)
https://doi.org/10.1371/journal.pone.0305629.t001
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Table 2. Estimates for COVID-19 vaccine effectiveness against infections, hospitalizations, and deaths, by one and two doses, 4" wave of pandemic in Kosovo, July

26, 2021, to September 26, 2021.

Study outcome Partially vaccinated Completely vaccinated
Vaccinated/Total VE (%) 95% CI Vaccinated/Total VE (%) 95% CI
Infections 6883/51804 93.1 92.9-93.2 1747/51804 97.8 97.6-97.8
Hospitalizations 212/1194 90.3 88.8-91.7 95/1194 94.5 93.3-95.6
Deaths 129/701 90.3 88.4-92.1 49/701 95.2 93.7-96.5

*Estimation of vaccination protection based on the screening method [6]

https://doi.org/10.1371/journal.pone.0305629.t002

For vaccination with two COVID-19 doses, the vaccine effectiveness estimates were 97.8%
(95%CI, 97.6-97.8%) for infections, 94.5% (95%CI, 93.3-95.6%) for hospitalizations and
94.2% (95%CI, 93.7-96.5%) for death, indicating a 97.8%, 94.5%, and 94.2% reduction in the
risk of developing the outcome of COVID-19 infection, hospitalization, or death, respectively,
among people receiving two vaccine doses compared with unvaccinated individuals.

Discussion

Our study provides real-world evidence using routine administrative data sources to estimate
COVID-19 vaccine effectiveness for Kosovo during the fourth pandemic wave, when the Delta
variant and later Delta plus variant were dominant. COVID-19 vaccine effectiveness against
infection and severe outcome in Kosovo was above 90% even with one vaccine dose. In addi-
tion, the difference in vaccine effectiveness against infection, hospitalization, and death with
two doses of vaccine as compared to one dose was approximately 3 to 4 percentage points
higher.

This study was restricted to the fourth pandemic wave since vaccination was first intro-
duced widely in the population at this time and surveillance data did not include information
on time since vaccination. This study period restriction therefore ensures that waning immu-
nity would not affect results. During that period, vaccination was widely available, and most
people were vaccinated. At the same time, the fourth COVID-19 pandemic wave in Kosovo
was also the period with the highest number of deaths with a total of 701 deaths (case-fatality
1.35%). This wave is characterized by the large distribution of Delta and Delta Plus variants of
SARS-CoV-2.

Findings of the study are in accordance with evidence from several published studies using
cohort study designs from other settings [8-14]. Similar to our results, these studies reported
an overall vaccine effectiveness against symptomatic SARS-CoV-2 infection, of 73% (95% CI:
62-81%) for >14 days post-second vaccine dose [8]. Other studies reported that vaccines suc-
cessfully lowered the risk of SARS-CoV-2 infection at the community level [9]. The cohort
study [10] indicated a vaccine effectiveness (VE) of 91.8-94.9% against COVID-19 infections
as they transitioned from unvaccinated to fully vaccinated status. Other observational studies
reported high or very high effectiveness of five different vaccines in the prevention SARS--
CoV-2 infection and COVID-19-related death [11]. Another study [12] indicated the addi-
tional benefit of a second booster dose in terms of SARS-CoV-2 infection and COVID-
19-related mortality. Several other studies suggested that COVID-19 vaccinations prevent
SARS-CoV-2 infections and decrease the number of COVID-19 hospitalizations in a popula-
tion [15-20].

The consistency of our findings with studies from other settings using more robust designs
suggest that our results using the screening method provided reliable VE estimates for the
Kosovo population.
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Our study reflects a practical initial methodology for estimating vaccine effectiveness with
routine data from available surveillance system and from vaccination coverage data. The
screening method is suitable for monitoring vaccine effectiveness, and as such, it can provide
crucial and timely evidence in support of public health decisions. This method could be more
widely used in future pandemics, especially in low- and middle-income countries with a lack
of resources for special vaccine effectiveness studies. The ClIs do reflect uncertainty/random-
ness in the sense that the PPV and PPC estimates reflect a random ’experiment’ for people to
become infected/ill or not relative to their vaccination status. The CIs, however, do not reflect
uncertainty in terms of the measurements. We implicitly assume that the true values of the
PPV and PCV are known, which may be debatable in the context of surveillance. The screen-
ing method employed here can be complemented with more granular study designs in order
to validate the results.

Our study findings should be interpreted in light of several limitations. The unavailability
of vaccine coverage statistics stratified by specific risk factors limited our ability to stratify VE
estimates by demographic characteristics and vaccine types. The screening method does not
allow adjustment for potential confounders. However, the objective is to quantify differences
at population level. Furthermore, assuming that more vulnerable individuals were more likely
to be vaccinated, the estimates may underestimate the true vaccine effectiveness for the overall
population.

An essential element of preparing for future pandemic waves is developing systems that can
monitor vaccine effectiveness even when relatively low resources are available. Continuous,
real-time monitoring of vaccine effectiveness is crucial for effective implementation of public
health measures, for informing science, and for maintaining the trust of the public [21-23].
The linkage of the communicable disease surveillance system with the vaccination coverage
system during the COVID-19 pandemic, and the enrichment with detailed data including date
of application of the first dose, second dose and additional doses enabled the evaluation of the
vaccine effectiveness in this study.

In Kosovo, the pandemic highlighted the need to improve the quality of data in the infec-
tious disease surveillance system and the key data and tools needed for effective vaccine moni-
toring programs. The digitization of health systems accelerated during the pandemic in some
settings, the use of digital tools to identify and prioritize individuals for vaccination, and the
linkage of vaccination data to health records with a unique identifier could improve surveil-
lance systems in the future [24]. Before the pandemic, about 60% of low- and middle -income
countries did not have electronic immunization registries [25]. This will be a surveillance pri-
ority for Kosovo going forward, and our study supports the need for enhanced surveillance
systems using digitalized tools.

In conclusion, our study provides real-world evidence using routine administrative data
sources to estimate COVID-19 vaccine effectiveness for Kosovo during the fourth pandemic
wave when the Delta variant and later Delta plus variant were dominant. Our study using the
screening method reflects an applicable initial methodology for estimating vaccine effective-
ness with routine surveillance and vaccination coverage data. This method may be particularly
important for low- and middle-income settings with less robust surveillance systems or fewer
opportunities to conduct more robust vaccine effectiveness study designs.

Acknowledgments

Article processing charges or other similar costs applied by the publisher to provide for open
access publication will be met by the European Center for Disease Prevention and Control
(ECDC) as part of the MediPIET programme (funded by the European Union), according to

PLOS ONE | https://doi.org/10.1371/journal.pone.0305629  July 24, 2024 6/8


https://doi.org/10.1371/journal.pone.0305629

PLOS ONE Estimation of COVID-19 vaccine effectiveness using routine surveillance data in Kosovo, July—September 2021

the Centre’s policy: ECDC policy on open access publication of scientific content, including
articles submitted to peer review journals (europa.eu).

Author Contributions

Data curation: Anja Schoeps.

Formal analysis: Albiona Rashiti-Byty¢i, Achim Dorre.
Investigation: Albiona Rashiti-Bytygi.

Methodology: Albiona Rashiti-Bytygi.

Resources: Fetije Fetaj.

Supervision: Emily White Johansson, Pranvera Kaganiku-Gunga, Kostas Danis, Arijana
Kalaveshi.

Writing - original draft: Albiona Rashiti-Bytyci.

Writing - review & editing: Anja Schoeps.

References
1. W. H. Organization. "Who coronavirus (COVID-19) dashboard." WHO. (accessed 30 September,
2021).

2. N.l.o.P.H.i. Kosovo, "Epidemiological analysis of COVID 19 situation in Kosovo," in "Epidemiological
analysis of COVID 19 situation in Kosovo September 2021," National Institute of Public Health in
Kosovo, Kosovo.

3. E.C.f.D.P.a. Control."Covid-19 vaccination." ECDC. https://www.ecdc.europa.eu/en/covid-19/
prevention-and-control/vaccines (accessed 2023).

4. Watson O. J., Barnsley G., Toor J., Hogan A. B., Winskill P., and Ghani A. C., "Global impact of the first
year of COVID-19 vaccination: a mathematical modelling study," The Lancet Infectious Diseases, vol.
22,no. 9, pp. 1293—-1302, 2022. https://doi.org/10.1016/S1473-3099(22)00320-6 PMID: 35753318

5. F.F.a.F.Hoti. "Vaksinimi kunder Covid 19 ne Kosove nga nje fillim i vone ne storie suksesi." https://
omk-rks.org/dr-fetije-fetaj-dhe-dr-faik-hoti-vaksinimi-kunder-covid-19-ne-kosove-nga-nje-fillim-i-vone-
ne-storie-suksesi/. https://omk-rks.org/dr-fetije-fetaj-dhe-dr-faik-hoti-vaksinimi-kunder-covid-19-ne-
kosove-nga-nje-fillim-i-vone-ne-storie-suksesi/ (accessed 8 August, 2023).

6. Farrington C., "Estimation of vaccine effectiveness using the screening method," International journal of
epidemiology, vol. 22, no. 4, pp. 742—746, 1993. https://doi.org/10.1093/ije/22.4.742 PMID: 8225751

7. C.f.D.C.a.Prevention, "Measles vaccine efficacy—United States," MMWR Morb Mortal Wkly Rep,
vol. 29, no. 39, pp. 470-2, 1980.

8. KerrS,, Vasileiou E., Robertson C., and Sheikh A., "COVID-19 vaccine effectiveness against symptom-
atic SARS-CoV-2 infection and severe COVID-19 outcomes from Delta AY. 4.2: Cohort and test-nega-
tive study of 5.4 million individuals in Scotland," Journal of Global Health, vol. 12, 2022. https://doi.org/
10.7189/jogh.12.05025 PMID: 35802764

9. Lytras T., Kontopidou F., Lambrou A., and Tsiodras S., "Comparative effectiveness and durability of
COVID-19 vaccination against death and severe disease in an ongoing nationwide mass vaccination
campaign," Journal of medical virology, vol. 94, no. 10, pp. 5044-5050, 2022. https://doi.org/10.1002/
jmv.27934 PMID: 35701379

10. Ghosh S. etal., "COVISHIELD (AZD1222) VacclINe effectiveness among healthcare and frontline
Workers of INdian Armed Forces: Interim results of VIN-WIN cohort study," medical journal armed
forces india, vol. 77, pp. S264-S270, 2021. https://doi.org/10.1016/j.mjafi.2021.06.032 PMID:
34334892

11.  Voké Z. et al., "Nationwide effectiveness of five SARS-CoV-2 vaccines in Hungary—the HUN-VE
study," Clinical Microbiology and Infection, vol. 28, no. 3, pp. 398—404, 2022. https://doi.org/10.1016/j.
cmi.2021.11.011 PMID: 34838783

12. KissZ. et al., "Nationwide effectiveness of first and second SARS-CoV2 booster vaccines during the
delta and omicron pandemic waves in Hungary (HUN-VE 2 study)," Frontiers in Immunology, vol. 13, p.
905585, 2022. https://doi.org/10.3389/fimmu.2022.905585 PMID: 35812442

PLOS ONE | https://doi.org/10.1371/journal.pone.0305629  July 24, 2024 7/8


https://www.ecdc.europa.eu/en/covid-19/prevention-and-control/vaccines
https://www.ecdc.europa.eu/en/covid-19/prevention-and-control/vaccines
https://doi.org/10.1016/S1473-3099%2822%2900320-6
http://www.ncbi.nlm.nih.gov/pubmed/35753318
https://omk-rks.org/dr-fetije-fetaj-dhe-dr-faik-hoti-vaksinimi-kunder-covid-19-ne-kosove-nga-nje-fillim-i-vone-ne-storie-suksesi/
https://omk-rks.org/dr-fetije-fetaj-dhe-dr-faik-hoti-vaksinimi-kunder-covid-19-ne-kosove-nga-nje-fillim-i-vone-ne-storie-suksesi/
https://omk-rks.org/dr-fetije-fetaj-dhe-dr-faik-hoti-vaksinimi-kunder-covid-19-ne-kosove-nga-nje-fillim-i-vone-ne-storie-suksesi/
https://omk-rks.org/dr-fetije-fetaj-dhe-dr-faik-hoti-vaksinimi-kunder-covid-19-ne-kosove-nga-nje-fillim-i-vone-ne-storie-suksesi/
https://omk-rks.org/dr-fetije-fetaj-dhe-dr-faik-hoti-vaksinimi-kunder-covid-19-ne-kosove-nga-nje-fillim-i-vone-ne-storie-suksesi/
https://doi.org/10.1093/ije/22.4.742
http://www.ncbi.nlm.nih.gov/pubmed/8225751
https://doi.org/10.7189/jogh.12.05025
https://doi.org/10.7189/jogh.12.05025
http://www.ncbi.nlm.nih.gov/pubmed/35802764
https://doi.org/10.1002/jmv.27934
https://doi.org/10.1002/jmv.27934
http://www.ncbi.nlm.nih.gov/pubmed/35701379
https://doi.org/10.1016/j.mjafi.2021.06.032
http://www.ncbi.nlm.nih.gov/pubmed/34334892
https://doi.org/10.1016/j.cmi.2021.11.011
https://doi.org/10.1016/j.cmi.2021.11.011
http://www.ncbi.nlm.nih.gov/pubmed/34838783
https://doi.org/10.3389/fimmu.2022.905585
http://www.ncbi.nlm.nih.gov/pubmed/35812442
https://doi.org/10.1371/journal.pone.0305629

PLOS ONE Estimation of COVID-19 vaccine effectiveness using routine surveillance data in Kosovo, July—September 2021

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

Voko Z. et al., "Effectiveness and waning of protection with different SARS-CoV-2 primary and booster
vaccines during the Delta pandemic wave in 2021 in Hungary (HUN-VE 3 Study)," Frontiers in immunol-
ogy, vol. 13, p. 919408, 2022. https://doi.org/10.3389/fimmu.2022.919408 PMID: 35935993

Muller V. et al., "Booster Vaccination Decreases 28-Day All-Cause Mortality of the Elderly Hospitalized
Due to SARS-CoV-2 Delta Variant," Vaccines, vol. 10, no. 7, p. 986, 2022. https://doi.org/10.3390/
vaccines10070986 PMID: 35891151

El Sahly H. M et al., "Efficacy of the mRNA-1273 SARS-CoV-2 vaccine at completion of blinded phase,"
New England Journal of Medicine, vol. 385, no. 19, pp. 1774—1785, 2021. https://doi.org/10.1056/
NEJMoa2113017 PMID: 34551225

Baum U., Poukka E., Palimu A. A., Salo H., Lehtonen T. O., and Leino T., "Effectiveness of vaccination
against SARS-CoV-2 infection and Covid-19 hospitalisation among Finnish elderly and chronically ill—
An interim analysis of a nationwide cohort study," PLoS One, vol. 16, no. 11, p. 0258704, 2021.
https://doi.org/10.1371/journal.pone.0258704 PMID: 34793476

Andrews N. et al., "Duration of protection against mild and severe disease by Covid-19 vaccines," New
England Journal of Medicine, vol. 386, no. 4, pp. 340-350, 2022. https://doi.org/10.1056/
NEJMoa2115481 PMID: 35021002

W. H. Organization, "WHO SAGE roadmap for prioritizing uses of COVID-19 vaccines in the context of
limited supply: an approach to inform planning and subsequent recommendations based on epidemio-
logical setting and vaccine supply scenarios, first issued 20 October 2020, latest update 16 July 2021,"
World Health Organization, 2021.

Thomas S. J. et al., "Safety and efficacy of the BNT162b2 mRNA Covid-19 vaccine through 6 months,"
New England Journal of Medicine, vol. 385, no. 19, pp. 1761-1773, 2021. https://doi.org/10.1056/
NEJMoa2110345 PMID: 34525277

Skowronski D. M. et al., "Two-dose severe acute respiratory syndrome coronavirus 2 vaccine effective-
ness with mixed schedules and extended dosing intervals: test-negative design studies from British
Columbia and Quebec, Canada," Clinical Infectious Diseases, vol. 75, no. 11, pp. 1980-1992, 2022.
https://doi.org/10.1093/cid/ciac290 PMID: 35438175

Orenstein W. A. et al., "Field evaluation of vaccine efficacy," Bulletin of the World Health Organization,
vol. 63, no. 6, p. 1055, 1985. PMID: 3879673

Orenstein E. W. et al., "Methodologic issues regarding the use of three observational study designs to
assess influenza vaccine effectiveness," International journal of epidemiology, vol. 36, no. 3, pp. 623—
631, 2007. https://doi.org/10.1093/ije/dym021 PMID: 17403908

Clarkson J. and Fine P., "An assessment of methods for routine local monitoring of vaccine efficacy,
with particular reference to measles and pertussis," Epidemiology & Infection, vol. 99, no. 2, pp. 485—
499, 1987. https://doi.org/10.1017/s0950268800067996 PMID: 3678405

Agus D. B., Nguyen A., and Bell J., "COVID-19 and other adult vaccines can drive global disease pre-
vention," The Lancet, vol. 401, no. 10370, pp. 8-10, 2023. https://doi.org/10.1016/S0140-6736(22)
02084-0 PMID: 36354041

D. Square. "Electronic immunization registries in low- and middle-income countries." USAID. https://
digitalsquare.org/resourcesrepository/eirlandscape (accessed 8 August, 2023).

PLOS ONE | https://doi.org/10.1371/journal.pone.0305629  July 24, 2024 8/8


https://doi.org/10.3389/fimmu.2022.919408
http://www.ncbi.nlm.nih.gov/pubmed/35935993
https://doi.org/10.3390/vaccines10070986
https://doi.org/10.3390/vaccines10070986
http://www.ncbi.nlm.nih.gov/pubmed/35891151
https://doi.org/10.1056/NEJMoa2113017
https://doi.org/10.1056/NEJMoa2113017
http://www.ncbi.nlm.nih.gov/pubmed/34551225
https://doi.org/10.1371/journal.pone.0258704
http://www.ncbi.nlm.nih.gov/pubmed/34793476
https://doi.org/10.1056/NEJMoa2115481
https://doi.org/10.1056/NEJMoa2115481
http://www.ncbi.nlm.nih.gov/pubmed/35021002
https://doi.org/10.1056/NEJMoa2110345
https://doi.org/10.1056/NEJMoa2110345
http://www.ncbi.nlm.nih.gov/pubmed/34525277
https://doi.org/10.1093/cid/ciac290
http://www.ncbi.nlm.nih.gov/pubmed/35438175
http://www.ncbi.nlm.nih.gov/pubmed/3879673
https://doi.org/10.1093/ije/dym021
http://www.ncbi.nlm.nih.gov/pubmed/17403908
https://doi.org/10.1017/s0950268800067996
http://www.ncbi.nlm.nih.gov/pubmed/3678405
https://doi.org/10.1016/S0140-6736%2822%2902084-0
https://doi.org/10.1016/S0140-6736%2822%2902084-0
http://www.ncbi.nlm.nih.gov/pubmed/36354041
https://digitalsquare.org/resourcesrepository/eirlandscape
https://digitalsquare.org/resourcesrepository/eirlandscape
https://doi.org/10.1371/journal.pone.0305629

