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Background: The initial response to coronavirus disease 2019 (COVID-19) was non-pharmaceutical interventions (NPIs). Long-term 
protection against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection does not appear to be possible by either 
infection or vaccination. Thus, traditional herd immunity seems impossible. In addition to increasing vaccination rates, NPIs may be needed.
Methods: A facility-based cross-sectional study was conducted among vaccinated healthcare workers. The study took place from 
July 15 to August 15, 2022. A self-administered questionnaire was used for data collection. In a multivariable logistic regression 
model, a p-value of less than 0.05 was considered statistically significant.
Results: Four hundred eleven healthcare workers were included in the study. Sixty percent of participants were fully vaccinated. After 
vaccination, 10.2% of respondents reported infection with SARS-CoV-2. The study showed that 49.4% of participants had a good 
knowledge of the efficacy and safety of vaccines against SARS-CoV-2. In this study, 36% of individuals adhered well to the COVID- 
19 prevention strategies. Good knowledge of the efficacy and safety of SARS-CoV-2 vaccines (AOR = 1.69, 95% CI: 1.03–2.78) 
increased the odds of implementing preventive measures. Healthcare workers who perceived a low and medium risk of SARS-CoV-2 
infection after vaccination and who were knowledgeable about SARS-CoV-2 breakthrough infections were less likely to follow 
preventive measures.
Conclusion: The knowledge of healthcare workers regarding the efficacy and safety of vaccines against SARS-CoV-2 was 
comparable. However, a large proportion of healthcare workers poorly adhered to prevention practices. Therefore, to reduce the 
risk of SARS-CoV-2 infection among healthcare professionals, prevention strategies must be continuously evaluated and awareness of 
the need for preventive measures must be raised even after vaccination.
Keywords: prevention practices, vaccine, knowledge, Ethiopia

Introduction
In the absence of vaccines, non-pharmaceutical interventions (NPIs) were used to contain the 2019 coronavirus disease 
pandemic (COVID-19) in 2020. The combined implementation of NPIs was temporally linked to COVID-19 control.1 

NPIs were also estimated to prevent nearly 3 million deaths from COVID-19 in 11 European countries.2

Currently, vaccines are the world’s leading COVID-19 mitigation method. They have shifted the pandemic’s 
direction. However, as infection does not appear to confer sustained protection against reinfection with severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), vaccination has not been successful either.3 Vaccine efficacy is also 
compromised by variants of SARS-CoV-2.4 Variants of SARS-CoV-2 can escape antibody binding and reduce vaccine 
efficacy.5 Thus, despite the clear public health benefits of COVID-19 vaccines, a vaccinated person is still at risk for 
infection or reinfection with SARS-CoV-2 and even the possibility of transmission of the infection.6 Such breakthrough 
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infections are evidence of the real possibility of post-vaccination infections, the ineffectiveness of vaccines against 
circulating COVID-19 variants, and the need for continued protective measures after vaccination.

Therefore, a reconsideration of relying solely on immunization as the main strategy to mitigate COVID-19 and its 
adverse consequences has been proposed.7 Direct protection of individuals only through vaccination may not be 
sufficient. In this sense, NPIs may need to be introduced in addition to increasing vaccination rates. Such course 
corrections are critical to reducing the burden of COVID-19.3,8,9

Healthcare workers (HCWs) are the group most at risk for SARS-CoV-2 infection;10 therefore, their adherence to 
preventive measures requires evaluation for early intervention. The perception of being fully protected after vaccination 
could lead HCWs to be less cautious about SARS-CoV-2 transmission, which would further exacerbate the crisis.11 

However, to our knowledge, behavioral changes in the use of COVID-19 prevention methods after vaccination have not 
been studied. In Ethiopia, adherence of HCWs to COVID-19 prevention methods before vaccination was low.12,13 To our 
knowledge, adherence of vaccinated HCWs to COVID-19 prevention interventions has not been studied in Ethiopia. 
Therefore, this study will serve as a baseline for further studies. The study will provide information on intervention areas 
that should be explored by policy makers. The aim of the study was to determine how well healthcare workers adhere to 
COVID-19 prevention interventions after vaccination.

Methods and Materials
Study Design and Duration
We conducted a health facility-based cross-sectional study among vaccinated healthcare workers. The study took place 
from July 15 to August 15, 2022.

Study Setting
We conducted the study in five specialized hospitals in Northwestern Ethiopia. The comprehensive specialized hospitals 
in Northwestern Ethiopia were University of Gondar Comprehensive Specialized Hospital (UoGCSH), Debre Markos 
Comprehensive Specialized Hospital (DMCSH), Debre Tabor Comprehensive Specialized Hospital (DTCSH), Tibebe 
Gion Comprehensive Specialized Hospital (TGCSH), and Felege Hiwot Comprehensive Specialized Hospital (FHCSH).

Population
All healthcare workers living in Northwestern Ethiopia during the data collection period were the source population. The 
study population included all participants who had been vaccinated (at least once), were over 18 years of age, and had 
completed and submitted the questionnaire.

Sample Size and Sampling Technique
The following statistical assumptions were used to determine the sample size using a single population proportion 
formula. A confidence level (CI) of 95%, a standard error (d) of 5%, and a proportion (p) of 50% were assumed. 
Assuming a non-response rate of 10%, the final sample size was 424.

Study Variables
Dependent Variable
Adherence to COVID-19 prevention methods after vaccination.

Independent Variables
The independent variables were socio-demographic characteristics, health status, COVID-19 experience-related items, 
and COVID-19 vaccine efficacy and safety-related items.

Data Collection Procedure
A self-administered questionnaire was used for data collection. The questionnaire was written in English. The introductory 
part of the questionnaire included: the purpose of the study, the voluntary nature of participation, informed consent with 
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a statement of anonymity, and the response procedure. We adapted the instrument we used to measure adherence, health 
status, COVID-19 experience, and perceived risk from the previous studies.13–16 COVID-19 vaccine efficacy and safety- 
related items were based on current evidence.3,8,17–25 The instrument included the following categories: socio-demographic 
characteristics, health status, and COVID-19 experience-related items, COVID-19 vaccine efficacy and safety-related items, 
and adherence to COVID-19 preventive measures. Adherence to 10 prevention measures was measured. If an individual 
answered “yes” to the median and one higher value of the composite variable, adherence to the COVID-19 prevention 
measures was considered good. We determined vaccination status based on the healthcare workers’ responses to the type and 
number of vaccine doses administered. They were considered fully vaccinated if they had received two doses of AstraZeneca 
vaccine, two doses of Pfizer-BioNTech vaccine, or a single dose of Johnson and Johnson (J & J) vaccine; otherwise, they 
were considered partially vaccinated. To determine the timing of infection, participants were also asked about the type and 
number of vaccine doses received. In this way, it was possible to determine whether infection occurred after full or partial 
vaccination. Knowledge of vaccine efficacy and safety was measured by three responses: agree, disagree, and not sure. In the 
analysis, disagreement and uncertainty were coded as “no”, whereas agreement was coded as “yes”. Participants who 
responded with intermediate and higher scores were classified as good knowledge, and otherwise poor knowledge.

Data Analysis
We analyzed data using SPSS version 26. Descriptive analysis was used to estimate different variables, such as frequency, 
percentage, and mean. A binary logistic regression model was used for the identification of factors associated with adherence 
to COVID-19 prevention measures. In bivariate analyses, all variables with a P-value of < 0.05 were included in the final 
multivariate analysis. The odds ratio and 95% CI were used to verify the presence and strength of the relationship between 
independent variables and the result variable. In the multivariable analysis, variables having a P-value of < 0.05 were 
declared to have a statistically significant correlation with adherence to COVID-19 preventive measures.

Ethical Approval
We obtained ethical approval with reference number (Ref. No 708/15) from Debre Tabor University, College of Medicine 
and Health Science ethical review board. This study was conducted in accordance with the Declaration of Helsinki. 
Privacy and confidentiality were maintained during data collection. To ensure privacy and confidentiality, the information 
collected was not directly linked to the respective participants; participants’ names were not used. Codes were used as 
identifiers. Participants were informed of the purpose of the study and had the option to withdraw from participation at 
any time. Written informed consent was obtained from all participants.

Result
Socio-Demographic Characteristics of Participants
Four hundred eleven participants were included in the study, with a response rate of 97%. The mean age of the study 
participants was 29 years ± (range 21–52). Most participants (52.6%) were in the 25–29 years age group. More than half 
(56.4%) of the participants were female. Most of the respondents (61.3%) were single. The socio-demographic details of 
the study participants are shown in Table 1.

Health Status and COVID-19 Experience of Healthcare Workers
A small number (12.7%) of HCWs had a history of chronic disease. Half of the participants reported a medium level 
of risk of infection with SARS-CoV-2 after vaccination. Most of the HCWs (60%) were fully vaccinated. Ten percent 
of HCWs reported infection with SARS-CoV-2 after receiving any of the COVID-19 vaccines. Of these, 24 (57.1%) 
occurred after partial vaccination, while 18 (42.9%) occurred after full vaccination. Details are presented in Table 2.
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Table 1 Socio-Demographic Characteristics of the Study Participants, 2022 
(n=411)

Variables Categories Frequency %

Age < 25 85 20.7
26–30 216 52.6
≥ 30 110 26.8

Sex Male 179 43.6
Female 232 56.4

Marital status Single 252 61.3
Married 148 36.0

Othersa 11 2.7

Profession Physician 45 10.9
Nurse 118 28.7

Midwifery 49 11.9

Medical laboratory 39 9.5
Pharmacist 71 17.3

Radiology technician 29 7.1

Psychiatry 
professional

16 3.9

Optometrist 13 3.2

Public health officer 31 7.5

Highest educational 

qualification

Degree 353 85.9
Masters 58 14.1

Work experience < 2 years 143 34.8

2–5 years 153 37.2
≥ 5 years 115 28.0

Note: aDivorced, widowed.

Table 2 Health Status, Vaccination Status, and COVID-19 Experience of the Study Participants, 2022 
(n=411)

Variables Categories Frequency %

Known chronic disease Yes 52 12.7
No 359 87.3

Vaccination status Partially vaccinated 165 40.1
Fully vaccinated 246 59.9

Perceived risk for COVID-19 after vaccination High 38 9.2
Medium 207 50.4

Low 166 40.4

History of contact with SARS-CoV-2 infected person Yes 93 22.6
No 318 77.4

Knew about breakthrough infections of COVID-19 Yes 92 22.4
No 319 77.6

Infected with laboratory-confirmed COVID-19 after receiving 

a vaccine

Yes 42 10.2

No 369 89.8
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Knowledge of Healthcare Workers About Vaccine Efficacy, Safety, and Source of 
Information
The study showed that 49.4% of health professionals had a good knowledge of the efficacy and safety of vaccines against 
SARS-CoV-2 (Table 3). More than one-third of the study participants (34.5%) reported the Ethiopian Ministry of Health/ 
Ethiopian Public Health Institute (EPHI) as their main source of information. Table 4 provides specifics.

Adherence of HCWs to COVID-19 Prevention Measures
We found that 36% of individuals adhered well to the COVID-19 prevention strategies. Healthcare workers were most 
likely to use alcohol-based hand sanitizers (65.7%) and wear masks (62.5%) as preventive measures. In contrast, 
maintaining a minimum distance of 2 meters (33.8%), regularly cleaning and disinfecting frequently touched objects 
(33%), and avoiding large crowds (37.7%) were least practiced (Table 5).

Factors Associated with Adherence to COVID-19 Prevention Measures
Binary logistic regression was used to assess the relationship between the independent variables and adherence to 
the COVID-19 preventive measures. In bivariate analysis, age, work experience, known chronic disease, perceived 
risk for COVID-19 after vaccination, knowledge of breakthrough infections of COVID-19, history of contact with 
SARS-CoV-2 infected persons, infection with laboratory-confirmed COVID-19 after vaccination, and knowledge of 
vaccine efficacy and safety were candidates for multivariate analysis. Given the independent variables, the full 
model explained between 22% (Cox and Snell R Square) and 30% (Nagelkerke R Square) of the variation in the 
dependent variable and correctly classified 64% of the cases. The model has statistically significant predictive power 
(X2 (11, N = 411) = 101.9, p < 0.001). The model also has a good fit, as Hosmer and Lemeshow’s goodness-of-fit 
test yielded a p value of 0.702.

Perceived risk for COVID-19 after vaccination, knowledge of COVID-19 breakthrough infections, and knowl-
edge of vaccine efficacy and safety were the statistically significant independent variables associated with adherence 
to COVID-19 preventive measures in multivariate analysis. Respondents who perceived a low risk of infection with 
SARS-CoV-2 after vaccination were 93% less likely (AOR = 0.07, 95% CI: 0.02–0.20) to have good adherence, 
whereas respondents with a perceived medium level of infection risk were 86% less likely  

Table 3 Knowledge of the Respondents About Vaccine Efficacy and Safety, 2022 (n=411)

Variables Categories Frequency %

COVID-19 vaccines do not provide long-lasting immunity Yes 139 33.8
No 272 66.2

COVID-19 vaccination decrease the severity of the disease Yes 184 44.8
No 227 55.2

COVID-19 vaccines reduce the number of deaths Yes 228 55.5
No 183 44.5

COVID-19 vaccines reduce symptom manifestation of the 

disease

Yes 143 34.8
No 268 65.2

COVID-19 vaccination could reduce transmission. Yes 137 33.3
No 274 66.7

COVID-19 vaccines are generally safe Yes 230 56.0
No 181 44.0

Overall knowledge Good 203 49.4
Poor 208 50.6
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(AOR = 0.14, 95% CI: 0.05–0.38) to have good adherence to COVID-19 preventive measures than respondents with 
a perceived high risk of infection.

The odds of good adherence to COVID-19 prevention measures in participants who knew about SARS-CoV-2 
breakthrough infections were reduced by 52% (AOR = 0.48, 95% CI: 0.26–0.86) compared to those who did not know 
about SARS-CoV-2 breakthrough infections.

Healthcare workers who had good knowledge regarding the efficacy and safety of vaccines against SARS-CoV-2 
were 1.69 times (AOR = 1.69, 95% CI: 1.03–2.78) more likely to have good adherence to COVID-19 prevention 
practices than those who had poor knowledge (Table 6).

Table 4 Sources of Information on Preventive Practices and COVID-19 Vaccines of 
Participants, 2022 (n=411)

Source of Information Frequency %

World Health Organization (WHO) 120 29.2

Ethiopian Ministry of Health/Ethiopian Public Health 

Institute (EPHI)

142 34.5

Mass media (Television/Radio) 43 10.5

Personal Google search 20 4.9

Social media (Facebook/Telegram) 86 20.9

Table 5 Adherence of Study Participants to COVID-19 Prevention Measures, 2022 (n=411)

Variables Categories Frequency %

Do you use face masks on a regular basis? Yes 270 65.7
No 141 34.3

Do you maintain a physical distance of at least 6 feet (2 meters)? Yes 139 33.8
No 272 66.2

Do you cover your mouth when coughing or sneezing? Yes 226 55.0
No 185 45.0

Do you avoid handshaking or any direct contact with others? Yes 215 52.3
No 196 47.7

Do you use alcohol-based hand sanitizers on a regular basis? Yes 257 62.5
No 154 37.5

Do you wash your hands with soap and water on a regular 

basis?

Yes 200 48.7
No 211 51.3

Do you avoid touching your eyes, nose, and mouth with 
unwashed hands?

Yes 177 43.1
No 234 56.9

Do you clean and disinfect frequently touched objects on 
a regular basis?

Yes 136 33.1
No 275 66.9

When you are sick, do you stay at home? Yes 175 42.6
No 236 57.4

Do you avoid large gatherings? Yes 155 37.7
No 256 62.3

Overall adherence Good 148 36.0

Poor 263 64.0
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Discussion
This study examined medical personnel’s adherence to COVID-19 preventive measures after vaccination. Results 
showed that most health professionals had poor adherence to COVID-19 preventive measures.

This low level of adherence could be explained by vaccination and the decrease in new COVID-19 cases. Indeed, 
these two ideas led the Ethiopian government to issue a directive on March 13, 2022, to relax public prevention 
practices.26 Nevertheless, prevention measures should continue to be used in public and private organizations by both 
staff and clients. Similar poor results in adherence to prevention measures were found in other studies in Ethiopia12,13 

before the introduction of vaccination on March 13, 2021, and in Nigeria.27 This indicates that other factors besides 
vaccination and the decrease in new cases COVID-19 play a role in health workers’ adherence to prevention strategies. 
On the contrary, high levels of good adherence have been observed in other studies.14,15,28

Differences can be attributed to, among other factors, the educational background of the participants,15 the timing of 
the studies, as evidenced by the sharp decline in prevention practices from 89.7% to 38% within six months,12 

professional experience,28 health professionals’ knowledge of COVID-19,29 and differences in sample size and study 
population.

However, in studies in which overall adherence was either poor or good, the most commonly practiced items were 
similar. Except in one study where face mask use was the least practiced,29 hand washing, the use of alcohol-based 
sanitizers, and the use of face masks were the most frequently practiced elements. This is consistent with our finding that 
face masks and alcohol-based hand sanitizers were the most commonly used precautions. The most commonly used 
precautions appear to be similar before and after vaccination.

Table 6 Factors Associated with Adherence to COVID-19 Prevention Measures, 2022 (n=411)

Variables Categories Adherence 
Status

COR at 95% CI AOR at 95% CI

Good Poor

Age < 25 18 67 1 1
25–30 73 143 1.90 (1.05–3.43)a 2.06 (0.91–4.67)

≥ 30 57 53 4.00 (2.11–7.59)b 4.31 (1.26–14.70)

Work experience < 2 years 36 107 1 1
2–5 years 57 96 1.77 (1.07–2.91)a 0.96 (0.48–1.91)
≥ 5 years 55 60 2.73 (1.61–4.61)b 0.68 (0.23–2.01)

Known chronic disease Yes 36 16 0.20 (0.11–0.38)b 0.91 (0.38–2.22)
No 112 247 1 1

Perceived risk for COVID-19 after vaccination High 33 5 1 1
Medium 80 127 0.95 (0.04–0.26)b 0.14 (0.05–0.38)b

Low 35 131 0.04 (0.02–0.11)b 0.07 (0.02–0.20)b

History of contact with SARS-CoV-2 infected person Yes 42 51 0.61 (0.38–0.97)a 0.84 (0.48–1.47)
No 106 212 1 1

Knew about breakthrough infections of COVID-19 Yes 55 37 0.28 (0.17–0.448)b 0.48 (0.26–0.86)a

No 93 226 1 1

Infected with laboratory-confirmed COVID-19 after receiving the 

vaccine

Yes 34 8 0.11 (0.05–0.23)b 0.49 (0.18–1.31)
No 114 255 1 1

Vaccine efficacy and safety knowledge Good 98 105 2.95 (1.94–4.49)b 1.69 (1.03–2.78)a

Poor 50 158 1 1

Notes: aSignificant at p-value < 0.05; bSignificant at p-value < 0.001. 
Abbreviations: COR, crude odds ratio; AOR, Adjusted odds ratio.
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Clinical trials and real-world data demonstrate the efficacy and acceptable safety of vaccines against SARS-CoV-2. 
Vaccination reduces hospitalizations and deaths after infection;19,21,24 the manifestation of symptoms;18,21 and the 
severity of illness.19,23,25 Vaccination also reduces the risk of infectiousness.8,17,20 Indeed, increasing the number of 
vaccinated individuals reduces the risk of significant community-wide transmission. This reduces the risk of emergence 
of new variants that could bypass the immunity induced by vaccination.30 However, they do not provide long-lasting 
immunity. This has led to infections after full vaccination.3,22

In our study, HCWs’ overall knowledge of the above COVID-19 vaccine efficacy and safety-related evidence was 
comparable, with good knowledge being positively associated with adherence to prevention practices after vaccination. 
However, most healthcare workers indicated that COVID-19 vaccines confer long-term immunity. This may have led 
healthcare workers to believe they were fully protected. This is supported by the finding that almost all participants 
perceived low or moderate levels of infection after vaccination. This is also supported by the negative association of 
awareness of COVID-19 breakthrough infections with good adherence, which may be due to awareness of the rarity of 
breakthrough infections.25,31,32

Currently, the main strategy against SARS-CoV-2 is vaccination. However, the fight against COVID-19 is compli-
cated by the nature of the virus, the SARS-CoV-2 variants, the effectiveness of vaccines against the different variants, the 
effectiveness of vaccines in providing long-term immunity or preventing breakthrough infections, and the public’s 
reluctance to vaccinate and take preventive measures. In addition, people who have been vaccinated may change their 
behavior and be less concerned about SARS-CoV-2 transmission because they believe they are fully protected.11 This is 
supported by the low adherence of most HCWs in this study. However, it is important to consider the possibility that 
medical personnel are at higher risk of contracting SARS-CoV-2 even after vaccination. Therefore, there is still a need 
for more effective behavior change methods to encourage professionals to adhere to important health measures.

Conclusion
Adherence to prevention practices for COVID-19 by healthcare workers was poor. Statistically significant poor preven-
tion practices were found among participants with low vaccine knowledge, low or moderate perceived risk of post- 
vaccination SARS-CoV-2 infection, and knowledge of COVID-19 breakthrough infections. Behavioral changes in 
healthcare workers due to vaccination may pose a risk in the fight against COVID-19. Therefore, ongoing evaluation 
of prevention practices is needed to reduce the risk of infection to healthcare workers and the general public.

Limitations of the Study
The results presented in this study are self-reported and depend in part on the honesty of the participants and may be 
biased by recall. Only health workers working in government health facilities were included in the study. This may limit 
the external validity of the research findings. The study also has the limitations of a cross-sectional study in establishing 
cause-effect relationships. However, the study is the first to assess adherence to COVID-19 prevention strategies by 
vaccinated healthcare workers. The study also used reliable measurement methods, and included a sufficient number of 
individuals in the sample.

Data Sharing Statement
The raw data supporting the conclusions of this article will be made available by the corresponding author to any 
qualified researcher without undue reservation.
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