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Background: Vaccines are medical products with a short shelf life and are easily damaged by deviations in temperature from the
recommended ranges. Vaccines lose their quality if the cold chain system is not properly managed. Cold chain management is still
a major challenge in developing countries, including Ethiopia. Thus, this study aimed to assess vaccine cold chain management and
associated factors at public health facilities and district health offices.

Methods: A facility-based cross-sectional study design was applied from March 1-28, 2021. One hundred and thirty-six health
institutions were selected by simple random sampling method. Data was collected using the observation check list and interviewer-
administered pre-tested structured questionnaires. Data was analyzed using SPSS version 25. The binary logistic regression was
employed and those variables with a p-value less than 0.25 in the bivariate analysis were used for multivariable logistic regression.
Then multivariate analysis at a p-value <0.05 and AOR with 95% CI was used to measure the degree of association between
independent variables and the outcome variable.

Results: The study indicates that 83 (61%) public health facilities had good cold chain management practice at 95% CI (52.2-68.4).
Experience greater than 2 years (AOR=2.8, 95% CI=1.13-6.74), good knowledge on cold chain management (AOR=3.02, 95%
CI=1.2-7.4), training on cold chain management (AOR=1.86, 95% CI=1.36-9.84), and supportive supervision on cold chain manage-
ment (AOR=2.71, 95% CI=1.1-7.14) were statistically significantly associated with good cold chain management practice.
Conclusion: The result of the study indicated that there was low cold chain management practice in the study area. Strengthening the
knowledge of healthcare workers and supportive supervision on cold chain management by giving training and monitoring their
practice toward cold chain management may help to improve the cold chain management practice.
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Introduction

Globally the high impact of vaccine-preventable diseases has been averted by introducing immunization, which saves
two to three million lives per year and it was recognized as a powerful public health intervention.'* In Ethiopia, the
Expanded Program on Immunization started in 1980 to decrease the mortality and morbidity of children and mothers
from vaccine-preventable diseases.’

Globally 29% of under-five mortalities were due to poor vaccine cold chain management and poor immunization
uptake in developing countries but, nowadays, many countries of the world enforce and achieve a high coverage of
required vaccinations for every resident, making efforts to eliminate constraints to vaccination among vulnerable classes,
but problems still remain in the vaccine storage and handling.*

The cold chain system is assumed to be at greatest risk, particularly in developing countries where a power supply is
unreliable and facilities for its maintenance are not well developed.” Studies have also reported that improper vaccine
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storage leading to the administration of sub-potent vaccines may have been associated with outbreaks of vaccine-
preventable diseases in several developing countries.>® Maintaining the cold chain is the main duty of producers,
distributors, public health staff, and health care providers.’

In Ethiopia, vaccine-preventable diseases are substantially contributing to under-five mortality.® The main problem in
Ethiopia has been vaccines losing their potency during storage at the center, even if they were potent on arrival, which
enhances the chances of several outbreaks from different parts of Ethiopia.” In addition according to reports from several
findings in Ethiopia, the majority of facilities in Ethiopia have registered poor vaccine management practices and factors
like EPI-related training, work experiences, and knowledge of cold chain management were reported as factors related to
cold chain management practices.'®'?

The major challenges of vaccination programs are associated with the vaccine cold chain management and cold
storage facilities, thus vaccine cold chain management practice would be the backbone of successful immunization
programs.'® So, the aim of this study was to assess the vaccine cold chain management and associated factors at public
health facilities and the district health office of Wolaita zone, Ethiopia and contributing factors to the paradox between
high vaccination coverage rates and the appearance of vaccine preventable disease.

Methods
Study Setting

The study area was the public health facilities of Wolaita Zone. Wolaita zone is located 360 km southwest of Addis
Ababa, the capital city. The authors select this area because it is a densely populated area in the southern region of
Ethiopia. In addition, in some of the health facilities in the Wolaita zone providing EPI service is challenging since it is

found in very remote areas where there is no access to transport service.'*

Study Design and Period

A facility-based cross-sectional study design was conducted from March 1-28, 2021.

Source Population
All assigned health workers at the EPI unit in public health facilities of Wolaita Zone were the source population.

Study Population
Assigned health workers in the EPI unit who were found in randomly selected public healthcare facilities were included
as the study population.

Exclusion Criteria
Health workers at public health facilities whose EPI unit was closed after three visits at the time of data collection were
excluded.

Sample Size Determination and Sampling Procedure
The sample size was determined using a single population proportion formula for a cross-sectional study using the
following formula.'

(Za/2)* p (1 —p)  (1.96)* (0.583) (0.417)

n= = =373
d (0.05)°

where:
» Z=level of confidence (95% CI=1.96);
» P=proportion of baseline level of the indicators, which is 58.3% (15/14); and
d=margin of error (5%).
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Where there is a predetermined population, in this case, there were 212 facilities in Wolaita Zone. Then the sample
size generated from the above equation needs to be multiplied by the Finite Population Correction (FPC) factor
(N<10,000). For our purpose, the formula can be expressed as: Newn = n/1+4[(n — 1)/N].

where:

New n=the adjusted new sample size;

N=the population size=212; and

n=the sample size (373) obtained from the general formula using the example above, ensuring a 5% margin of error
and a 95% confidence level would require:

n==373/2.75=136

Contingency (for non-response and incompleteness=10%).

The total sample size from the sample proportion is 150.

First, we stratified by type of healthcare facility into hospitals, health centers, and Woreda health office. Afterward,
the sampling frame was prepared using a list of health facilities obtained from the zonal health department. Then from
the 212 health facilities (Hospitals, health centers, health post and health offices) with refrigerators in Wolaita Zone, 150
health institutions were selected by simple random sampling. Then sample size was allocated proportionally to the total
health facilities in the zone. From the selected health facilities, four were hospitals, 47 were health centers, 83 health
posts, and 16 district (woreda/town) health offices were selected randomly. The schematic presentation of sampling
procedure to select health institutions and study participants are shown in Figure 1.

Data Collection Instrument and Procedures

A modified questionnaire from the Federal Minister of Health (FMOH) on cold chain monitoring indicators was used to
collect data.'® The questionnaire consists of six main parts, mainly: Socio-demographic characteristics of the respon-
dents, availability of cold chain equipment, states of infrastructure, attitude towards cold chain management practices,
knowledge towards cold chain management practices, and cold chain management practice. The questionnaire was
prepared in English and translated into local language and finally to English. The questionnaire was also tested for
internal consistency (reliability) by Cronbach’s Alpha test. Data was collected by interviewing assigned responsible
persons at Woreda health offices, Hospitals, health centers, and health posts. At the same time observations were done
simultaneously during interview. During observation, temperature monitoring charts, VVM states, ledger books for
vaccine balance, and vaccine arrangement in the refrigerator were observed.

Data Quality Assurance and Analysis

Data quality was assured by pretesting on six health centers out of the study area. Two data collectors and one supervisor
who were working as EPI coordinators in other Health centers were selected and trained for data collection. The data
collectors and supervisor were trained health professionals who had taken EPI training. Ethical clearance was obtained
from the Ethical review committee of the Wolaita Sodo University (Ref. No 41764/2021). The study did not expose
participants to unnecessary risk as a result of interviewing and also written informed consent was obtained from all
participants during the interview.

Hospitals Health centers Health posts Woreda health offices
6 67 117 22

Figure | Schematic presentation of sampling procedure to select health institutions from Wolaita zone public health facilities, 2021.
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Data were collected by open data kit (ODK) and exported into SPSS version 25 for analysis. After cleaning data for
inconsistencies and missing value in SPSS, descriptive statistics such as mean, SD, and frequency was done. The
necessary assumption of logistic regression was checked using Hosmer and Lemeshow goodness-of-fit-test to assess the
fitness of the model (p-value=0.184). Multicollinearity was checked using a cut-off point based on the variance inflation
factor (VIF) <10 or tolerance test >0.1.

Bivariate analysis was done and all explanatory variables which have an association with the outcome variable at
a p-value <0.25 was selected for multivariate analysis. Then multivariable analysis at a P-value <0.05 and AOR with
95% CI was used to measure the degree of association between independent variables and the outcome variable.

Result

The study was conducted from 136 facilities that incorporated all assigned health care workers in EPI service, gaining
a 91% response rate.

Socio-Demographic Characteristics

The dominant age interval of EPI focal person across 136 health facilities of Wolaita zone is 26 to 35 years and the mean
age of respondents were 28.2 years with a standard deviation of 5. More than half (84; 61.8%) of respondents were
female. The majority (56; (41.2%) of the respondents were health extension workers (HEWSs), while 38 (27.9%) were
nurses. The educational background of the respondents indicated that 50 (36.8%) were HEW level-4 and 42 (30.9%) of
them were degree level and above. The socio-demographic characteristics of study participants are shown in Table 1.

Table | Socio-Demographic Characteristics of EPl Focal Persons in
Public Health Facilities and District Health Offices of Wolaita Zone,

Ethiopia 2021

Variable Frequency | Percent

Age <25 32 235
26-35 101 743
>35 3 22

Sex Male 52 38.2
Female 84 61.8

Type of profession HEW 56 41.2
Nurse 38 27.9
Midwifery 3 22
BSC nurse 14 10.3
Health officer 15 11
Others 10 74

Educational status HEW level | 4 29
HEW level 2 2 1.5
HEW level 4 50 36.8
Diploma 38 279
Degree and above 42 309

(Continued)
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Table | (Continued).

Variable Frequency | Percent
Work experience <2 years 53 39
22 years 83 6l
In-service training Yes 53 39
No 83 6l
Cold chain guidelines Yes 46 338
No 90 66.2
Supportive supervision | Yes 86 63.2
No 50 36.8
Type of fridge Top opening 125 91.9
Front opening I 8.1

From a total of 136 health care workers included in this study, 53 (39%) of them had work experience of less than 2
years. Fifty-three (39%) of EPI focal persons interviewed took EPI related in-service training and, of 136 respondents, 90
(66.2%) did not use vaccine cold chain management guidelines during cold chain management.

Eighty-six (63.2%) health facilities who provided EPI services had taken EPI specific supportive supervision from
their respective woreda or zonal health department. Regarding the type of fridge, the majority (91.9%) of health facilities
had top opening vaccine refrigerators for vaccine cold chain management.

Infrastructure in Public Health Facilities

Greater than half of the public health facilities (91; 66.9%) use electricity as the main power source for the vaccine
refrigerator, whereas the rest use solar options as the main power source for the vaccine refrigerator. Among the 91
(66.9%) health facilities that used electricity as the main power source for vaccine refrigerators, 25 (27.5%) used an
automatic voltage stabilizer for vaccine refrigerators, 32 (31.2%) had a functional backup generator in the facility to use
at a time of electric power break, and 132 (97.1%) health facilities had a separate room for the vaccine refrigerator.

Availability of Cold Chain Equipment

The results of this study indicated that 133 (97.8%) health facilities had functional vaccine refrigerators in the facilities,
108 (79.4%) had a cold box, 107 (78.7%) had ice packs, and 133 (97.8%) of them had vaccine carriers. Fifty-nine
(43.4%) of the health facilities use a fridge tag for temperature monitoring in the facility, whereas 77 (56.6%) use
a thermometer for temperature monitoring.

Knowledge of Health Care Workers on Cold Chain Management

The individual response was counted and calculated to classify respondents as having good knowledge and poor
knowledge. Based on the knowledge score respondents were asked six questions and those who scored greater than or
equal to 4 (75%) were considered as “good knowledge” and those who scored less than 4 considered as having “poor
knowledge”. Accordingly, 107 (78.7%) respondents had good knowledge, while others had poor knowledge. Knowledge

of health care workers towards cold chain management is shown in Table 2.
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Table 2 Knowledge Towards Cold Chain Management Among Health Care Workers in Public
Health Facilities and District Health Offices of Wolaita Zone, Ethiopia 2021

S. No | Variable Frequency | Percent
| Do you know vaccines are sensitive | Yes 78 57.4
to heat?
No 58 42.6
2 Do you know that vaccines are No 9 6.6
sensitive to light?
Yes 127 93.4
3 Do you know that vaccines are No 9 6.6
sensitive to freezing?
Yes 127 93.4
4 The recommended temperature for | 2-8°C 130 95.6
vaccines storage in vaccine
] o 8-16°C 6 4.4
refrigerator is in between?
5 What should you do with a vaccine | Discard the vaccine 132 97.1
when the Vaccine vial monitor shows
. . Use the vaccine as soon as | 4 29
the inner square is the same color or bl
darker than the outer circle? possible
6 When should a shake test be Any time freeze 36 26.5
conducted on a vaccine vial?
Temperature negative 22 16.2
Temperature exceeds 8°C | 16 11.8
Vaccine vial 62 45.4
appears cloudy
7 Level of knowledge Poor knowledge 29 21.3
Good knowledge 107 787

Attitude Towards Cold Chain Management Among Health Care Workers in Public
Health Facilities and District Health Office

The result of the attitude assessment among the respondents in public health facilities of Wolaita zone indicate that the
majority (89; 65.4%) of the respondents had a positive attitude towards vaccine cold chain management practices.

Cold Chain Management Among Health Care Workers in Public Health Facilities and

District Health Offices
Eighty-three (61%) of the public health facilities had good cold chain management practice at a 95% CI (52.2-68.4),
whereas 53 (39%) of public health facilities had poor cold chain management.

Associated Factors of Cold Chain Management

Bivariate Analysis

Results of bivariate logistic regression analysis showed that experience, sex, type of profession, EPI training, presence of
cold chain guideline, supportive supervision, presence of cold box, presence of fridge tag and thermometer, presence of
separate room, attitude and knowledge of respondents were candidate variables for a multivariable logistic regression

model at a p-value <0.25.
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Multivariable Analysis

The model was checked for fitness using the Hosmer and Lemeshow tests before running the multivariable analysis,
which indicated that the model was fit. Thus, in the adjusted multivariable analysis at a p-value of less than or equal to
0.05 work experience of health professionals, presence of supportive supervision, EPI related training, and knowledge of
health professionals were statistically significant.

Facilities whose cold chain is managed by health workers with two or more years of work experience had 2.8-times
higher odds of good cold chain management than facilities whose cold chain is managed by health workers with less than
two years of work experience: AOR (95% CI)=2.8 (1.13-6.74).

Health care workers who had a good cold chain management knowledge were 3.02-times more likely to practice cold
chain management compared to health care workers with poor knowledge: AOR (95% CI)=3.02 (1.2-7.4). Health care
workers who had taken in-service training on cold chain management were 1.86-times more likely to practice cold chain
management than those who had not received in-service training: AOR (95% CI)=1.86 (1.36-9.84). Health care facilities
with supportive supervision in their facilities were 2.71-times more likely to have good cold chain management
compared to those health care facilities without supportive supervision: AOR (95% CI)=2.71 (1.1-7.14). Multivariable
analysis for associated factors is shown in Table 3.

Table 3 Multivariable Analysis of Associated Factors for Cold Chain Management, Wolaita Zone, 2021

Variable Categories Level of Practice AOR (95% CI) p-value
Good Practice Poor Practice
(n=83) (n=53)
Experience <2 years 27 (19.9%) 26 (19.1%) [ 0.027
22 years 56 (41.2%) 27 (19.9%) 2.8 (1.13-6.74)*
Sex Male 35 (25.7%) 17 (12.5%) 1.44 (0.4-5.23) 0.71
Female 48 (35.3%) 36 (26.5%) [
Type of HEW 30 (22.1%) 26 (19.1%) |
profession
Nurse 22 (18.4%) 16 (11.8%) 1.6 (0.12-3.6) 0.516
Midwifery 2 (1.5%) I (0.7%) 1.9 (0.051-15.9) 0.941
BSC nurse 13 (9.6%) I (0.7%) 11.4 (0.8-163.2) 0.086
Health officer 10 (7.4%) 5 (3.7%) 1.32 (0.19-9.3) 0.944
Others 6 (4.4%) 4 (2.9%) 1.84 (0.1-8.53) 0.863
EPI Training Yes 37 (27.2%) 16 (11.8%) 1.86 (1.36-9.84)* 0.002
No 46 (33.8%) 37 (27.2%) |
Cold chain guide | Yes 34 (36%) 12 (8.8%) 2.97 (0.5-17.7) 0.092
line
No 49 (36%) 41 (30.1%) |
Supportive Yes 60 (44.1%) 26 (19.1%) 2.71 (1.1-7.14)* 0.023
supervision
No 23 (16.9%) 27 (19.9%) |
Cold box Yes 71 (52.2%) 37 (27.2%) 1.5 (0.5-4.72) 0.456
No 12 (8.8%) 16 (11.8%) |
(Continued)
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Table 3 (Continued).

Variable Categories Level of Practice AOR (95% CI) p-value
Good Practice Poor Practice
(n=83) (n=53)
Thermometer Yes 38 (27.9%) 16 (11.8%) 1.1 (0.3-3.8) 0.87
No 45 (33.1%) 37 (27.2%) |
Fridge tag Yes 42 (30.9%) 17 (12.5%) 1.3 (0.4-4.6) 0.806
No 41 (30.1%) 36 (26.5%) |
Separate room Yes 82 (60.3%) 50 (36.8%) 9.9 (0.34-22.6) 0.34
No 1 (0.7%) 3 (2.2%) |
Attitude Negative 23 (16.9%) 24 (17.6%) | 0.13
Positive 60 (44.1%) 29 (21.3%) 2.2 (0.88-5.7)
Knowledge Poor 29 (21.3%) 32 (23.5%) | 0.006
Good 54 (39.7%) 21 (15.4%) 3.02 (1.2-7.4)*

Notes: |-Reference category. *Statistical significance at p<0.05.

Discussion

Vaccine cold chain management is one of the most important challenges in public health facilities. This study assessed
vaccine cold chain management and associated factors in public health facilities and revealed that 61% of public health
facilities had a good cold chain management practice. This finding was consistent with studies conducted in South India
(61.8%)'° and Oromia special zone Amhara region of Ethiopia (63%)."” On the other hand, this finding was lower than
the findings in Benin City, Edo State Southern Nigeria (73.9%),'® and Bahir Dar city Ethiopia (71.4%)."” This study
finding was higher than reports from the Northwest region of Cameroon (24%) and the three Indian states (7%) at Gujarat
health facilities.”® The higher or lower differences could be due to the time of study period, socio-demographic
characteristics, economic and cultural factors of the current study area and study settings and type of healthcare facilities.
In addition, inadequacy and unavailability of the equipment and infrastructure used for cold chain management practice
could be another possible reason for variation between the studies.

In this study having work experience greater than two years had a positive association with good cold chain
management practice. This finding was similar to the study conducted in Bahir Dar City, Ethiopia.'® This might be
related with higher/longer work experience making them more familiar to cold chain management which helps them to
acquire better essential information on cold chain management practice.

The current study revealed good knowledge of cold chain management had a positive association with cold chain
management practice. This finding was similar with a study conducted in Bahir Dar city and East Gojjam Ethiopia.'""’
This could be associated with having in-service training regarding cold chain management which upgrades the knowl-
edge and skill of health workers and benefits them to get updated information and then easily understand basic principles,
standards of practice, and implement consistently on cold chain management.

In our study the presence of supportive supervision in the facility had a positive association with good cold chain
management practice. This study was similar to the study conducted in Southern Nigeria.'? The possible explanation for
this finding could be associated with the benefits that health workers gain updated information and support from their
supervisors to fill their gaps regarding cold chain management and practice.

Some of the health facilities reported that there was high staff turnover, especially in those taking EPI training, which
could be seen as a limitation of the study.
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Conclusion

The result of the study indicated 61% of public health facilities had a good cold chain management practice in
the study area. Greater than 2 years work experience, presence of supportive supervision, good knowledge on
cold chain management, and training on cold chain management were predictors of good cold chain management
practices.
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