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Abstract

Background and objective: Cold chain’ is the system of transporting and storing vaccines within the safe

temperature range of 2°C to 8°C. Evidence from studies conducted in different countries indicate that good vaccine
practices are lacking even in developed and still developing countries. Limited research has been carried out in
Ethiopia with regard to cold chain management of vaccines. Thus, this study aimed to assess medicines cold chain
storage conformity with the national necessities in public health facilities of Nekemte town.

Methods: A facility based cross-sectional study design was employed in governmental health care facilities of
Nekemte town from June to July, 2018. A face to face interview using semi-structured questionnaires was used to
collect primary data among all health Workers. The collected data was entered and analyzed using SPSS V.20.

Result: From the total of 99 study participants 55.5% were males. Among all the respondents’ more than half
(59.6%) were ever attended training on storage, distribution and handling procedures of cold chain medicines.
Even though the national guidelines recommends the storage temperature of most vaccines is between +2°C to
+8°C, only about 44 (44.4%) respondents were practicing the recommended temperature range for most cold chain
medicines stored in refrigerators. Majority, 69 (69.7%) of the respondents said that storage device equipped with
thermometers. Similarly the study indicated that most of the health care facilities (56.25%) had a thermometer in
refrigerator. Temperature monitoring being recorded was not statistically significant difference with the compliance
with storage temperature (P=0.08)

Conclusion: The study revealed that less than half of the respondents did not comply with storage temperature
as per the national standard. Indeed, all these affect the quality of temperature sensitive medicines and risk for public
health. Health care facilities should develop and adhere to detailed written routine vaccine storage and handling plan.

Keywords: Cold chain; Storage; Conformity; Nekemte; Ethiopia

Abbreviations: EPI: Expanded Program on Immunization; PFSA:
Pharmaceutical Fund and Supply Agency; WHO: World Health
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Introduction

Cold chain is the system of transporting and storing vaccines
within the safe temperature range of 2°C to 8°C. The chain begins with
the refrigerator or freezer at the vaccine manufacturing plant, vaccine
distributor and then to the provider’s office (immunization clinic) and
ends with the administration of the vaccine to the recipients [1]. Health
facilities in developing countries are supposed to maintain the cold
chain to ensure that temperature sensitive medicines reach consumers
in good quality [2,3].

The cold chain system comprises of three major elements: personnel,
who use and maintain the equipment and provide the health service;
equipment, for the safe storage and transportation of vaccines; and
procedures, to manage and control the distribution and use of vaccines.
Cold chain products are temperature sensitive and lose their potency if
they are exposed to temperatures outside the required range of +2°C to
+8°C or when exposed to light [1,2,4].

Immunization programs are widely recognized as one of the most
effective means of health intervention [5]. Cold chain management can
enhance the quality, safety and efficacy of an immunization program [6].
Vaccines are biological products that lose their potency over time and
this will result in reduced immune responses and inadequate protection
against disease [7].

Once the potency of a vaccine is lost, it cannot be regained or
restored and the vaccine will no longer provide protection against the
target disease [6]. The temperature should be read and recorded twice
a day on a temperature chart. If the temperature stays outside the safe
temperature range or if the fridge tag alarms, then immediate action is
necessary [8]. Therefore, competent personnel, effective equipment and
efficient procedures are vital parts of the cold chain system [7].

Freezing and subjecting vaccines to heat are the most common
reasons for vaccine damage and ultimately, wastage. This emphasizes
the importance of the cold chain system within an immunization
programme as it ensures that vaccines are maintained at the correct
temperatures and thus, guarantees the effectiveness of vaccines in such
programs [9]. To ensure the success of immunization programs, it
is imperative that nurses ensure the maintenance of vaccines in their
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original state, through the cold chain system [10]. Many global studies
have found that attention to maintenance of correct temperatures during
storage and use of vaccines is a challenge for staff. According to these
studies challenges that staffs face were due to non-competent personnel
managing the vaccines, equipment used for vaccine management not
being effective and procedures not being efficient [11-13].

According to the Vaccine Handling and Storage toolkit, vaccines
must be stored correctly from the time they are manufactured until
the time they are administered to children. The exposure of vaccines
to heat or cold can reduce the vaccines potency, thus increasing the risk
of children not being protected against vaccine-preventable diseases
[14]. A study conducted in eight health districts in Cameroon revealed
that the targeted health districts were not compliant with the standard
operating procedures. Almost 25% of health facilities were conducting
the expanded program on immunization (EPI) activities without cold
chain equipment resulting in a threat to the cold chain for vaccines [15].
When children are immunized with vaccines exposed to inappropriate
temperatures they need to be re-vaccinated. Vaccine recalls result in
extra doses of vaccines for children, increased costs for providers,
damage to public confidence in vaccines and can also be a liability for
providers’ practices [5,14].

Evidence from studies conducted in different countries indicate
that good vaccine practices are lacking even in developed and
still developing countries. Examples of these include inadequate
temperature monitoring, unreliable equipment and use of incorrect
fridges [7,10,13,16-19]. Limited research has been carried out in
Ethiopia with regard to cold chain management of vaccines. Thus, this
study aimed to assess how cold chain for vaccines is maintained by the
health workers in and also it can be used as a reference for others who
are interested to conduct similar study.

Methods
Study area and period

The study was conducted in selected governmental health facility
of Nekemte Town. It is located at 315 Kilometers West of the country’s
capital city; Addis Abeba. According to the national census of 2017
the projected total population of the Town is 109,192. The Town
has 2 governmental Health Centers (HCs), two Hospitals owned by
government and additionally there are 51 private clinics and 8 private
pharmacies. The study was conducted governmental health care
facilities at Bake Jama health center, Cheleleki Health center, Nekemte
Referral hospital and Wollega university referral hospital.

Study design

A facility based cross-sectional study design was employed in in
governmental healthcare facilities of Nekemte town from June to July,
2018.

Population

Source population: The source population for this study was
all health workers working in governmental health care facilities of
Nekemte town.

Study population: All health workers responsible for managing
temperature sensitive medicines was interviewed about their
practicesandling of temperature sensitive medicines.

Eligibility criteria

Inclusion criteria: Health workers working in the facility for more

than one month.

Exclusion criteria: Health providers not responsible for managing
temperature sensitive medicines.

Study variables
Dependent variable: Compliance to storage temperature

Independent variable: Professions, availability of storage devices,
training, job experience, backup in electricity failure

Sample size determinations and sampling procedure

Sample size determinations: Sample size was determined using single
population proportion formula. While determining a sample size the
proportion P=0.5 was considered since there was no similar study done
in the area, 5% significance level and 5% margin of error. Accordingly,
the sample size was calculated as:

z

Zal hi-p)

2
d2

Where
n- Is the minimum possible sample size

Z . is standard score value for 95 % confidence level for two sides
normal distribution

p- Is the proportion health worker’s compliance with the national
requirements of medicines cold chain storage

d- Is margin of error

ZaY
(AEJ PU=P)(1.96%1.96%0.5%0.5)

"= IE = 0.05*0.05

0.9604
= 0.0025

=384.16=384

Since the study population is less than 10,000, by using correction
formula

N final = N final =

384
130

1+

Adding non-response rate 5% the final sample size was n=101
Data collection process

A face to face interview using semi-structured questionnaires was
used to collect primary data among all health care Workers. A Semi-
structured questioner was prepared after reviewing different literatures
and it is adopted. English version of the questioners was employing as
the data collection tool. A formal document review indicating the aims
and study process were provided to the facility to request the facility’s
permission. After the permission was obtained the data collectors start
to facilitate the data collection process ease.

Data quality control

Pre-test was conducted on 10% of sample size health professionals
working in other facility out of selected areas, to find out the comments
about lack of clarity in wording of the questionnaire. It is also collected
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to check for its completeness and clarity. Not a single health care worker
was interviewed in front of other health care provider or clients.

Data processing and analysis

The collected data was entered and analyzed using SPSS V.20.
Frequency and percentages are computed to present the descriptive
findings. A p-value <0.05 will be considered as cut-off point for
statistical significance.

Ethical consideration

Ethical clearance was obtained from the Ethical review board of
institute of health sciences of Wollega University. Then the letter of
cooperation was obtained from The University and Nekemte town
health office. After the purpose of the study was discussed with Health
Centers and hospitals Directors, the verbal consent was obtained from
the study participants.

Result and Discussion

A total of 99 respondents with 98% response rates were obtained in
this study. Regarding the respondents about 45(45.5) have 4-7 y work
experiences. Among all the respondents’ large proportion 59 (59.6%)
were ever attended training on storage, distribution and handling
procedures of cold chain medicines. Within the last three years less
than one third had once a time the training on storage, distribution and
handling procedures of cold chain medicines (Table 1).

Health workers practices in handling medicines cold chain
and prerequisites

Guidelines are important to be followed during handling and storage
of medicines. The decision to use the type of the guideline depends on
the perspective of the setup as well as the level of country. Most of low
and middle income countries use world health organization as there is
no well standard guideline for respective country. In our setup there is
no regulated guideline to use at health care or hospital level in handling
and storage of cold chain drugs. Regulatory guidelines for cold chain
storage (which staffs have to follow) are not written in the form of
Standard Operating Procedures (SOPs) in our setup. Thus health
care professionals use the guideline that fits with their knowledge.
Regulatory guidelines for cold chain storage (which staffs have to
follow) are not written in the form of Standard Operating Procedures
(SOPs) in our setup.

Regarding the guidelines utilization, 60 of the respondents
were utilizing the guidelines; majority 33(33.3%) were using the EPI
guidelines for vaccine management while 18(18.2%) were using WHO’s
Good Storage Practice. The remaining 9(9.1%) were using WHO’s Good
Distribution Practice. About 39(39.4%) of the respondents didn’t know
what guidelines they are using for managing the quality management
system during your practice. The percentage of health care workers
using the guideline was lower as compared to different previous
literatures [16-18]. Of those who had guidelines; 43 (43.4%) ever gone
through it to find out proper ways of storage and handling temperature
sensitive medicines at their facility up to the point of administration
and the rests didn't go through it. Besides, only 24, (24.2%) of the
respondents had said their written instructions describing storage
procedures, materials handling and documentation this complies with
previous studies [7,11,16]. Health care facilities should develop and
adhere to detailed written routine vaccine storage and handling plan
that is updated annually.

The respondents were also asked what they inspect while receiving

Variables Frequency (n) ‘ Percent (%)
Health facilities
Bakejama health center 13 13.1
Cheleleki health center 20 20.2
Nekemte Referral Hospital 30 30.3
Wollega University Referral Hospital 36 36.4
Sex of the professionals
Male 55 55.5
Female 44 44 .4
What is your profession?
Medical Attendant 53 53.5
Nurse 40 40.4
Pharmaceutical technician 4 4.0
Pharmacist 2 2.0
How long you have been doing this work?
0-3 years 44.0 44 .4
4-7 years 45 45.5
Above 12 years 10 10.1
Have you ever attended training on storage, distribution and handling
procedures of cold chain medicines?
Yes 59 59.6
No 40 40.4
How many times have you attended such a course within last three years?
Once 27 27.3
twice 24 242
Thrice 8 8.1
Not Attended 40 40.4

Table 1: Profession, work experience and training status of the respondents in
governmental health care facilities of Nekemte town from June to July, 2018.

cold chain product from wholesalers/Pharmaceutical fund and supply
agency/PFSA. Accordingly, 65 (65.7%) inspect expiry date and vaccine
vial monitor 26 (26.3%) temperature of cold box and 8 (8.1%) inspects
medicine should be in a box with ice packs. They also asked whether
vaccines and other cold chain medicines were stored in the same
refrigerator. Hence, 77 (77.8%) responded that as vaccines and other
cold chain medicines stored in the same refrigerator and the rests said
no. Finally, they asked which items are stored in the cold storage facility.
They responded that 71 (71.7%) ice cubes and drinks, 21 (21.2%) drinks
only 7 (7.1%) ice cubes.

Factors related to fault storage

Majority 69 (69.7%) of the respondents said that storage device
equipped with thermometers and 30 (30.3%) it was not equipped with
thermometers. Even though they have thermometers majority said that
the storage device was not furnished with low and high temperature
alarms. Similar study indicated that most of the health care facilities
(56.25%) had a thermometer in refrigerator, the temperature was not
maintained in the required range (31.25%) increasing the risk of loss of
potency of the vaccines. This was lower as compared to study Ateudjieu
et al. in Cameroon [15]. This may due to difference in health care
facility, resource and set up policy for this medication (Table 2).

On the other hand, about 44 (44.4%) the respondents were practicing
the recommended temperature range +2°C to 8°C for most cold chain
medicines stored in refrigerators. Even this was lower as compared
to Ateudjieu et al. [15]. This due to poor knowledge and shortage of
resources to handle these drugs within the proper temperature range
(Figure 1).

About 72 (72.7%) the respondent’s said that there had been happen
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Factors Number Percent (%)
What do you think are the underlying factors that lead to fault in storage
conditions at your facility
Unreliable Power supply 3 3.0
Lack of gas 14 14.1
Low level of knowlt_edge of health care 62 62.6
providers
Delayed replacement of malfunctioning
- 6 6.1
Fridge
All 14 141
Is temperature monitoring being recorded
Yes 50 50.5
No 49 49.5

Table 2: Factors related to fault in storage conditions at your facility in governmental
health care facilities of Nekemte town from June to July, 2018.

that cold chain medicines in a refrigerator or freezer are not kept
under recommended temperature range during storage. But when it
happened, 41 (57.7%) continue to store in cold chain for future use,
14 (19.7%) Stop using and recorded in book for cold chain medicines
discarded due to incorrect storage temperature. The rest 16 (22.5%)
transfer medicines to nearby facility. These precaution measures are
very important so as to safeguard the quality of temperature sensitive
medicines for the benefit of the public health [3-6]. They also responded
that, 61 (62.9%) there were record of cold chain medicines discarded
due to incorrect storage temperature (Table 3).

Factors influencing compliance to storage temperature were
counted through observation and Chi-square was used to analyses
the Statistical significance (Table 4). Storage device should comply
with temperature range of 2°C-8°C [3]. The temperature range must
be maintained to ensure potency of temperature sensitive medicines.
Factors that affected compliance included lack of electricity failure,
temperature monitors and job experience of health personnel. All
storage devices used for storage of cold chain medicines should have
temperature monitoring devices. Other issues towards compliance
to storage temperature standards were training, job experience and
availability of substitute devices in case of electricity failure though
were not statistically significant at 5% level.

In fact all health facilities surveyed had no automated generators.
Hence backup electricity electric power is important [7]. Because
majority of health facilities in urban areas used electricity refrigerators,
unreliable electricity supply was the major challenge frequently
encountered [19]. Temperature monitoring being recorded was not
statistically significant difference with the compliance with storage
temperature in governmental health care facilities of Nekemte town
(P=0.08) (Table 4).

Limitations

This study has two major limitations. First, the study was carried
out among health professionals working in the public health facilities
only. Thus the findings cannot be generalized to all health professionals
working in Ethiopia. Second, the study was collected using an interview
that might be subjected to recall biases.

Conclusion

About half of the respondents asked (44.4%) did not comply with
storage temperature as per the national standard. Indeed, all these
affect the quality of temperature sensitive medicines and may risk
public health and safety. According to the results obtained from survey
in this study, two issues contribute to non-conformity of cold-chain
storage of medicines with national guidelines. First is technical issue

Recommended temperature range for most cold chain medicines stored in

refrigerators
as 444
35
30
= 19 19.2
20
15
10
5

+2°Cto+8'C +9°C10+15°C

13 131
II <

-5'Cto+1'C

17 172
+4'C 10 +8°C

mrumbe %

Don'tknow

Figure 1: The recommended temperature range for most cold chain medicines
stored in refrigerators in governmental health care facilities of Nekemte town
from June to July, 2018.

Variables (n=97) Number (n) Pe(:/::;ant
Is there any record of cold chain medicines discarded due to incorrect storage
temperature
Yes 61 62.9
No 36 371
What time do you switch off the fridge in the facility
Evening 95 97.9
Never switched off 2 21
How do you maintain appropriate storage condition in the event of power failure
Gas 3 3.1
Solar 2 21
No measures 92 94.8

Table 3: Medicines discarded, time of switch off and means of maintain when
power failure, in governmental health care facilities of Nekemte town from June
to July, 2018.

Temp. range
Temp range out of 2°C
(2°C-8°C) -8°C non- Statistical test
Factors influencing Compliance Compliance
Number (%)  Number (%) Chi- | 5 value
square
Is temperature Yes 18 (36.0) 32 (64.0)
monitoring being 2916 | 0.088
recorded No 26 (53.1) 23 (46.9)
Have you ever Yes 29 (49.2) 30 (50.8)
attended training on
storage, dlstn_butlon 1311 0.25
and handling No 15 (37.5) 25 (62.50
procedures of cold
chain medicines

Table 4: Factors influencing compliance with storage temperature in governmental
health care facilities of Nekemte town from June to July, 2018.

(thermometers) and second is non-conformity on the part of personnel.

Regulatory guidelines for cold chain storage (which staffs have to
follow) are not written in the form of Standard Operating Procedures
(SOPs). Policy makers of individual healthcare facility need to prepare
SOP based on national guidelines. Health care facilities should develop
and adhere to detailed written routine vaccine storage and handling
plan that is updated annually. It is recommended that health centers
should avail standby generators or spare gas supply depending on
the electric power availability in the area involved for the cold chain
medicines storage. These precaution measures are very important so
as to safeguard the quality of temperature sensitive medicines for the
benefit of the public health.

Additionally, to enhance quality of cold chain storages:
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a)  Compulsory training of staffs involved in cold chain storage
facilities.

b)  Inspection of cold-storage facilities and auditing of reports
on a regular basis by QA/RA department.

c¢)  Routine QC and stability testing by public health
quality control for efficacy and safety assessment of vaccines and
pharmaceuticals after receipt by healthcare facilities.
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