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Abstract
A descriptive study on assessment of medicines cold chain storage conformity
with World Health Organization (WHO) requirements in public health facilities was carried out in Dar es Salaam and Dodoma regions. Storage conformity in selected health facilities was assessed by monitoring temperature using
temperature data loggers mounted in the refrigerators for a period of 30 days.
Results indicated almost half of the health facilities 48.5% visited, did not significantly (P = 0.031) comply with storage temperature (+2˚C to +8˚C) as per
WHO requirement because all recorded Mean Kinetic temperature (MKT) ˃
8˚C. In rural areas, 59.2% of visited health facilities adhered to the WHO
recommended storage temperature while in urban areas only 31.6% complied.
The study has established electricity failure in urban and lack of gas in rural
areas coupled with absence of contingency plan as major challenges to WHO
temperature conformity in storage of cold chain medicines in health facilities
in Tanzania.
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1. Introduction
Health facilities in developing countries are supposed to maintain the cold chain
to ensure that temperature sensitive medicines reach consumers in good quality
[1] [2]. Cold chain products are temperature sensitive and lose their potency if
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they are exposed to temperatures outside the required range of +2˚C to +8˚C or
when exposed to light [3] [4]. Mean Kinetic Temperature (MKT) is described as
a single calculated temperature at which the total amount of degradation over a
particular period is equal to the sum of the individual degradations that would
occur at various temperatures. For quality maintenance of cold chain products
during storage, shipping and distribution, the allowable calculated MKT should
not be more than 8˚C (46˚F) [5]. It should be within Controlled Cold Temperature (CCT), defined as the temperature maintained thermostatically between
2˚C and 8˚C (36˚F and 46˚F).
The key point to the MKT calculation is that it gives increased weight to
higher temperature excursions than normal arithmetic methods and recognises
the accelerated rate of thermal degradation of materials at higher temperatures.
If mean temperature is calculated and the difference between two temperatures
is greater than five, then the MKT is used for calculation instead of arithmetic
mean temperature [5].
Loss of potency of medicines may lead to increased disease burden, medical
costs to patients and wastage of supplies. Biopharmaceuticals are expensive and
oftentimes in short supply particularly in rural communities where transport
systems are inadequate [3]. In order to maintain quality of medicines, all personnel along the supply chain must implement proper handling of temperature-sensitive products. Electronic temperature data loggers provide valuable
information in a convenient format. These include documentation of temperature, humidity, time and date [6]. All equipment used for recording, monitoring
and maintaining temperature and humidity conditions should initially be validated and thereafter calibrated on a regular basis [7]. Standard Operating Procedures (SOPs) should be in place to describe all operations which are likely to
affect the quality of products [8] [9] [10]. These include the reception of deliveries, storage conditions and transportation of the medicines. All these are necessary in maintaining the quality of medicines and protecting patients from consuming sub-standard or ineffective medicines. Cold chain monitoring is a major
challenge in many developing countries such as Tanzania due to poor transportation infrastructure, unreliable electricity supply, shortage of trained personnel
and proper equipment to store temperature sensitive commodities. This actually
weakens cold chain conformity strategies [11].
In Tanzania, the government medicines supply chain follows the administrative structures of the health system that calls for distribution of commodities
from the national to the regional, and then to the district levels. The districts are
then responsible for ensuring commodities are delivered to the health centres
and dispensaries [12]. Many of these health facilities are located in rural,
hard-to-reach areas, with few trained personnel, limited transportation infrastructures and lack of electricity supply. The current study focused on the extent
to which storage conditions in public health facilities comply with regulations
for storage and handling of temperature sensitive medicines.
DOI: 10.4236/pp.2017.810024
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2. Methods
2.1. Study Design
A descriptive survey was carried out in Ilala and Chamwino districts in Dar es
Salaam and Dodoma regions, respectively. Dar es Salaam region was selected
due to its tropical climatic condition (hot and humid throughout much of the
year), its close proximity to the equator and the warm Indian Ocean. Dodoma
was also included because of its semi-arid climatic condition. Hence, these two
study areas provided optimal desired climatic conditions for the study to be
conducted in those areas. All public health facilities in the selected districts that
stock cold chain medicines were visited. Health providers responsible for managing temperature sensitive medicines were interviewed about their practices on
cold chain storage and handling of temperature sensitive medicines. Refrigerators and freezers were inspected and temperature monitored using validated
temperature loggers.

2.2. Sampling and Data Collection
Convenience sampling was used to select one district from each region. A total
of 79 health facilities were visited; 21 from Ilala district and 58 from Chamwino
district.
The data collection was carried out from January to March 2016 by the principal investigator and the health care providers from the selected health facilities
were key informants. Temperature in the selected facilities was monitored using
temperature data loggers which were programmed to record temperature in the
refrigerators daily after every15 minutes, for a period of 30 days. A structured
questionnaire (Appendix 1) was administered to assess good storage and handling practices of the cold chain medicines and vaccines by the health care providers who were the key informants. The questionnaire focused on professionalism and period of experience of staff managing cold chain systems, cold chain
systems compliance to WHO requirements and temperature monitoring of
storage devices.

2.3. Temperature and Data Analysis
Mean Kinetic Temperature gives a better representation of the effects of temperature change on temperature sensitive materials such as pharmaceuticals and
food products during storage and distribution. The shelf life of temperature sensitive materials are directly related to the MKT. Mean Kinetic Temperature can
be calculated from a series of temperatures. It differs from other means (such as
a simple numerical average or arithmetic mean) in that higher temperatures are
given greater weight in computing the average. This weighing is determined by a
calculation giving the natural logarithm of the temperature value. The key to the
MKT calculation is that it gives increased weight to higher temperature excursions than normal arithmetic methods, recognizing the accelerated rate of thermal degradation of materials at higher temperatures. If mean temperature is
DOI: 10.4236/pp.2017.810024
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calculated and the difference between two temperatures is greater than five then
the MKT is used for calculation instead of arithmetic mean temperature [5].
Data collected was cleaned, coded and analysed using computer software SPSS
version 20.
Mean Kinetic Temperature (MKT) was calculated using MKT formula programmed in the Microsoft Excel 2010 and the equation for calculating MKT was:
∆H
R
TK =
  −∆H 
 −∆H
 −∆H 
 t1e 
 + t2 e 
 +  + tn e 
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− In  

t1 + t2 +  + tn










(1)

where:

TK is the mean kinetic temperature in Kelvin
∆H is the activation energy (83.144 kJ/mole)
R is the gas constant (8.3144 × 10−3 kJ/mole/degree)
T1 to Tn are the temperatures at each of the sample points in Kelvins
n is the total number of storage temperatures recorded during the period of 30
days

e is the base of the natural logarithm
t1 to tn are time intervals at each of the sample points
When the temperature readings are taken at the same interval (t1 = t2 = ∙∙∙ = tn)
Equation (1) above is reduced to:
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Equation (2) is valid only when the temperature readings are taken at the
same interval.

3. Results and Discussion
A total of 68 (86%) out of 79 health facilities were visited. Majority 49 (72.1%) of
the visited facilities were from Dodoma rural areas and the remaining 19 (27.9%)
were from Dar-es-Salaam urban areas. Temperatures were monitored and a total
of 2880 data readings were collected in each facility visited. Mean Kinetic temperature was calculated to assess compliance to temperature range of 2˚C - 8˚C.
Infrastructures used in storage of temperature sensitive medicines and the storage practices were also assessed. Presence of refrigerators and power supply
were assessed under the infrastructure. Storage practice focused on availability of
skilled personnel and contingency plan.
DOI: 10.4236/pp.2017.810024
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3.1. Compliance to Storage Temperature
Almost half of all health facilities 48.5% visited did not comply with storage
temperature as per WHO standards because all recorded MKT > 8˚C. In rural
areas 59.2% of health facilities visited adhered to the storage temperature range
(MKT 2˚C - 8˚C) while only 31.6% of health facilities in the urban area adhered
to the storage temperature range as shown in Figure 1. Good performance of
rural facilities was caused by consistent use of vaccine fridges for storage of all
temperature sensitive medicines. In contrast, urban facilities used both vaccine
and household fridges for storage of vaccines and other temperature sensitive
medicines respectively. The household fridges used to store temperature sensitive medicines were neither qualified and had no temperature monitors nor
thermal alarms. A study conducted in 2012 in Ghana, showed only 26.2% of the
sampled facilities did not comply with storage temperature as compared to
48.5% observed in current study. The better performance in Ghana was attributed to involvement of pharmaceutical personnel in cold chain medicines management [13] [14].

3.2. Factors Influencing Compliance to Storage Temperature
and Contingency Plan
Factors influencing compliance to storage temperature were counted through
observation and Chi-square was used to analyse the Statistical significance
(Table 3). Of the visited facilities in the urban area 79% facilities had vaccine
fridges, of these 73% used gas while 27% solar. All storage devices in the rural
area used gas and hence, did not face challenges of electricity failure. In the urban area, there were some few electricity fridges which had neither power
backup in case of electricity failure nor thermal regulators (thermometer and
thermal alarms). Presence of thermal regulators and power backup highly influence compliance to storage temperature at 5% level of significance (Table 1). In
the rural areas, presence of thermal regulators, power backup and unknown

Figure 1. Compliance to storage temperature (MKT 2˚C - 8˚C).
DOI: 10.4236/pp.2017.810024
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Table 1. Determination of availability of storage devices of cold chain medicines by odds
ratios as influence compliance to storage condition in urban areas (n = 19).
Estimated statistics
Availability of
Storage devices

Number (%)

Odds ratio

95% Confidence Interval
Lower

Upper

0.653

104.195

0.010

1.531

1.996

378.837

1.996

378.837

0.073

0.550

Vaccine Fridge
Present

15 (78.9)

8.25

Absent

4 (21.1)

1

Present

4 (21.1)

0.121

Absent

15 (78.9)

1

Present

13 (68.4)

27.5

Absent

6 (31.6)

1

Present

13 (68.4)

27.5

Absent

6 (31.6)

1

Present

15 (78.9)

0.200

Absent

4 (21.1)

1

Household Fridge

Thermometer

Thermal Alarm

Power backup

statistic odds ratios of storage device did not highly influence compliance to
storage temperature at 5% level of significance (Table 2). Because majority of
health facilities in urban areas used electricity refrigerators, unreliable electricity
supply (84.2%) was the major challenge frequently encountered (Figure 2). In
rural areas where most of refrigerators used gas, the main challenge was lack of
gas supply (81.6%) (Figure 3). However this trend of electricity failure has been
also reported in another African country [14]. Other challenges observed in urban areas was lack of gas refrigerators and unreliable electricity supply in rural
areas as substitute measures in emergency circumstances, respectively. Thus, in
urban areas, the lowest and highest calculated MKT values in electricity fridges
were 12.6˚C (FL5) and 31.57˚C (FL18), respectively (Figure 4). Solar and gas
fridges did not comply with storage temperature because they recorded highest
MKT value of 10.98˚C (F7) (Figure 3). Similarly gas fridges in the rural areas
which did not comply with storage temperature had highest MKT of 11.7˚C (F4)
(Figure 5). Due to the major challenge of unreliable electricity supply in urban
areas, all storage devices used to store vaccines used gas and solar hence in case
of electricity failure medicines stored in there were transferred to a vaccine refrigerator but if the vaccine refrigerator was not working properly all medicines
were transferred to nearby facility. Lack of contingency plan for electricity failure was also observed in the study conducted in Ghana [14]. Temperature of a
DOI: 10.4236/pp.2017.810024
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Figure 2. Challenges cold chain medicines in urban areas (n = 19).

Figure 3. Challenges cold chain medicines in rural areas (n = 49).

Figure 4. Mean kinetic temperature per facility in urban areas.
DOI: 10.4236/pp.2017.810024
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Figure 5. Mean kinetic temperature per facility in rural areas.
Table 2. Determination of availability of storage devices of cold chain medicines by Odds
ratio as influence compliance to storage condition in rural areas (n = 49).
Estimated statistics
Availability of Storage devices

Number (%)

Odds ratio

95% Confidence Interval
Lower

Upper

-

-

-

-

0.288

0.718

0.463

0.811

0.637

0.883

Vaccine Fridge
Present

49 (100)

-

Absent

0 (0.0)

1

Household Fridge
Present

49 (100)

-

Absent

0 (0.0)

1

Present

22 (44.9)

0.455

Absent

27 (55.1)

1

Present

31 (63.3)

0.613

Absent

18 (36.7)

1

Present

48 (98.0)

0.750

Absent

1 (0.0)

1

Thermometer

Thermal Alarm

Power backup

storage device should comply with temperature range of 2˚C - 8˚C [2]. This
temperature range must be maintained to ensure potency of temperature sensitive medicines. Only 51.5% of all health facilities in the current study complied
with WHO temperature requirements. Factors that affected compliance included
lack of contingency plan in case 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. Of 68 facilities
DOI: 10.4236/pp.2017.810024
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surveyed 35 comprised of thermometers and temperature/thermal alarms. 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 (Table 3) hence contingency plan in case
of electricity failure is deprived [14].
Table 3. Factors influencing compliance with storage temperature.
Total

MKT range
(2˚C - 8˚C)
Compliance

MKT off range
Non-Compliance

Statistical test

Number (%)

Number (%)

Number (%)

Chi-square P-value

Medical attendant

18 (26.5)

14 (77.8)

4 (22.2)

Nurse

44 (64.7)

18 (40.9)

26 (59.1)

Clinical officer

6 (8.8)

3 (50.0)

3 (50.0)

≤3

31 (45.6)

15 (48.4)

16 (51.6)

4-7

17 (25.0)

10 (58.8)

7 (41.2)

>7

20 (29.4)

10 (50.0)

10 (50.0)

Trained

58 (85.3)

30 (51.7)

28 (48.3)

Not Trained

10 (14.7)

5 (50.0)

5 (50.0)

Once

12 (17.6)

5 (41.7)

7 (58.3)

Twice

3 (4.4)

1 (33.3)

2 (66.7)

Not attended

53 (77.9)

29 (54.7)

24 (45.3)

Present

35 (51.5)

19 (54.3)

16 (45.7)

Absent

33 (48.5)

16 (48.5)

17 (51.5)

Present

44 (64.7)

21 (47.7)

23 (52.3)

Absent

24 (35.3)

14 (51.5)

10 (30.3)

Gas

61 (89.7)

32 (52.5)

29 (47.5)

Solar

1 (1.5)

1 (100.0)

0 (0.0)

No measure

6 (8.8)

2 (33.3)

4 (66.7)

Present

0 (0.0)

0 (0.0)

0 (0.0)

Absent

68 (100.0)

35 (51.5)

33 (48.5)

Factors influencing

Designation
6.957

0.031

0.503

0.778

0.01

0.92

1.08

0.583

0.229

0.632

0.699

0.403

1.757

0.415

Job experience in years

Training

Recent training
(Frequency 3 years)

Thermometer

Temperature alarm

Backup in
electricity failure

Automated generator
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4. Conclusions
The study has established electricity failure in urban and lack of gas in rural areas coupled with absence of contingency plan as major challenges to WHO
temperature conformity in storage of cold chain medicines in health facilities in
Tanzania. Because of these, about half of all health facilities visited (48.5%) did
not comply with storage temperature as per WHO standards because they recorded MKT > 8˚C. Indeed all these affect the quality of temperature sensitive
medicines and may risk public health and safety. It is recommended that all
health facilities involved in cold chain medicines storage should implement a
contingency plan of standby generators or spare gas supply depending on its location whether in urban or rural area. These precaution measures are very important so as to safeguard the quality of temperature sensitive medicines for the
benefit of the public health.
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Appendix 1
QUESTIONAIRE
Serial number
Facility Code
Date of interview
Phone number
(Tick the correct answer)
1) What is your profession?
 Medical attendant
 Nurse
 Drug dispenser
 Pharmaceutical technician
 Pharmacist
2) How long have you been doing this work?
 0 - 3 years
 4 - 7 years
 Above 12 years
3) Have you ever attended training on storage, distribution and handling procedures of cold chain medicines?
 Yes (go to next Question)
 No
4) How many times have you attended such a course within last three years?
 Once
 Twice
 Thrice
 Not attended
5) What guidelines do you use for managing the Quality Management System
during your practice?
 EPI Guidelines for vaccine management
 Martindale
 WHO’s Good Storage Practice
 WHO’s Good Distribution Practice
 Don’t know
 Others (Mention)
6) If you have Guidelines, have you ever gone through it to find out proper
ways of storage and handling temperature sensitive medicines at your facility
up to the point of administration?
 Yes
 No
7) Are there written instructions describing storage procedures, materials
handling and documentation?
 Yes
 No
DOI: 10.4236/pp.2017.810024
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8) What do you inspect when you receive cold chain product from wholesalers/MSD/DMO’s office?
 Medicine should be in a box with ice packs
 Temperature of cold box
 Expiry date and Vaccine vial monitor
 All of the above
9) List the type of cold chain medicines stored in the storage facility:
 Vaccines
 Other medicines
 Vaccines and Other Medicines
 Vaccines, Medicines and Lab reagents
10) Are Vaccines and other cold chain medicines stored in the same refrigerator?
 Yes
 No
11) List any other items which are stored in the cold storage facility:
 Ice cubes
 Drinks
 Ice cubes and Drinks
12) Is the storage device equipped with thermometers?
 Yes
 No
13) Is the storage device furnished with low and high temperature alarms?
 Yes
 No
14) What do you think are the underlying factors that lead to fault in storage
conditions at your facility?
 Unreliable Power supply
 Lack of gas
 Low level of knowledge of health care providers
 Delayed replacement of malfunctioning Fridge
 All of the above
15) Is temperature monitoring being recorded?
 Yes (check temperature chart)
 No
16) What is the recommended temperature range for most cold chain medicines stored in refrigerators?
 −5˚C to +1˚C
 +2˚C to + 8˚C
 +9˚C to +15˚C
 +4˚C to +8˚C
 Don’t know
17) Does it happen that cold chain medicines in a refrigerator or freezer are
not kept under recommended temperature range during storage?
DOI: 10.4236/pp.2017.810024

337

Pharmacology & Pharmacy

S. Ringo et al.

 Yes (if yes go to question 18)
 No
18) If yes what measure or action specifically do you take when cold chain
medicines in stock storage were found out of recommended temperature
range?
 Continue to store in cold chain for future use
 Stop using and recorded in book for cold chain medicines discarded due to
incorrect storage temperature.
 Transfer medicines to nearby facility
 Not applicable
19) Is there any record of cold chain medicines discarded due to incorrect
storage temperature?
 Yes (if yes ask to see)
 No
20) What time do you switch off the fridge in the facility?
 Evening
 Never switched off
21) How do you maintain appropriate storage condition in the event of power
failure?
 Gas
 Solar
 No measures
22) Do you have an automated generator system to cater for power failure?
 Yes
 No
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