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ABSTRACT

The ability to monitor vaccines for optimal temperatures throughout the supply chain is a cornerstone of successful
immunization programmes. This study aimed to describe the process of deployment of remote temperature
monitoring devices to strengthen cold chain system in Belize and assess the effectiveness of the use of the technology.
An exploratory study and used mix of qualitative and quantitative methods. The qualitative data was extracted from
the project reports and Key Informant interviews (KII). The quantitative method used retrospective review of records
of temperature alarms between November 2023 and October 2024. The result is organized into two parts (A) The
description of the process for the deployment of the RTM system (B) Program results. Eighteen alarms were reported
in 8 months from four of the eight devices (installed at the national and subnational level) which ranged from one
alarm per month to 6 alarms per month with average of 2.6 alarms per month. The duration of each alarm was from
0.6 hour to 31.3 hours with average of 9.6 hours and 75% of the alerts resolved within 24 hours. The result of the KlI
is organized into two themes. The first theme was related to the perception and experience of health workers on the
use of the devices in improving temperature monitoring and the second theme was related to the health system
support in ensuring timely response to temperature excursions. The study contributes to existing knowledge on the
use of remote temperature monitoring system to improve cold chain management.
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INTRODUCTION

Immunization has been recognized as one of the most
successful public health interventions and effective cold
chain management is essential in ensuing vaccine potency
and the quality of the program.! The ability to monitor
vaccines for optimal temperatures throughout the supply
chain is a cornerstone of successful immunization
programmes. The continuous monitoring of vaccine
temperatures is imperative with all vaccines required to
be maintained within a specific temperature range.?
Effective, well-managed temperature monitoring is
essential for ensuring vaccine quality throughout the

supply chain and for preventing wastage of vaccines due
to heat or freezing. The WHO guidelines recommend
storing vaccines between+2°C and+8°C at all levels of
the cold chain because exposure to heat or cold outside
that range can adversely affect the immunological
properties of the vaccines and thus reduce their potency.®
The global vaccine action plan (2011-2020) recommends
the development of innovative vaccine supply chain
technologies to ensure that potent vaccines reach their
target population.*

Remote temperature monitoring (RTM)  devices
continuously monitor the temperature and allows for real-
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time wvaccine cold chain equipment temperature
monitoring.> The data provided can detect cold chain
equipment that need services or replacement.t This
enables better monitoring of performance of the cold
chain equipment, allows a more rapid reaction from
health workers to prevent damage to vaccines and regular
analysis of data collected to inform appropriate decision
making and action.” The introduction of COVID-19
vaccines following the pandemic in 2019 brought more
complexity to cold chain operations and therefore to
temperature monitoring.®

Learning from the polio legacy on the use of polio
investment to strengthen primary health care, Belize
leveraged the COVID-19 vaccination rollout as a
transformative  opportunity  for building resilient
immunization programmes.® With UNICEF support,
government installed remote temperature monitoring
devices to all the cold chain equipment in the country as
part of the enhancement of the cold chain capacity for the
integration of COVID 19 vaccine into the routine
immunization system.° This study aimed to describe the
process of deployment of remote temperature monitoring
devices to strengthen cold chain system and assess the
effectiveness of the use of the technology.

METHODS

Belize with a population of about 400,000 is divided into
four health regions and 6 health districts with each district
providing primary and secondary care services. There is a
National/ referral hospital, 3 Regional and 3 Community
Hospital and 36 primary health care facilities and
Immunization services are provided in all primary health
care facilities and through mobile clinics. There is a
national vaccine store and sub-national vaccine stores
located at each of the 6 districts from where vaccines are
deployed to all the primary health care facilities at urban
and rural communities. The cold chain equipment
includes 4 walking in cooler and 2 ultra-low temperature

units at the national vaccine stores while ice-line
biomedical refrigerators and combine biomedical
refrigerators are used at the subnational and health facility
level.

Study design

An exploratory study and used mix of qualitative and
quantitative methods. The qualitative data was extracted
from the project reports that described the process
involved in the deployment of the Remote Temperature
Monitoring Devices (RTMDs). Key Informant interviews
(KI1I) were conducted for eight health workers responsible
for immunization at the national, district and health
facility levels. The quantitative method used retrospective
review of records of temperature alarms extracted from
the periodic report from the online RTM (remote
temperature monitoring) dashboards between November
2023 and October 2024.

Data collection and analysis

The KII was done using a semi-structured interview guide
conducted through phone calls to gather information on
the health workers’ perception and experiences on use of
the RTM to improve cold chain management. The
interviews transcribed verbatim and analyzed using
thematic analysis and the result organized into themes.
The temperature alarm data from all the RTMDs was
extracted using a form designed by one of the authors to
capture temperature excursions (<+2°C, >+8°C), sites,
duration of alarm, frequency of alarm and was analysed
and presented in graphs.

The result is organized into two parts, the description of
the process for the deployment of the RTM system and,
program result which is both quantitative from the
analysis of the temperature alarm reports and qualitative
from the KII done with the HCWs.

GENERAL INPUT TYPE INPUT Additional Comments
Total number of sites to be monitored Number 6 i |
Have all the refrigeration assets to be monitored at the sites been installed? Yes/No Yes/No ! |
HARDWARE INPUT TYPE INPUT Additional Comments
Type of mains power available at sites Voltage [V] and Frequency [Hz], i.e. 220V/50Hz 110V, 220V ! |
Mains power plug type needed for RTM systems. Refer fo Plug Type, i.e. Type F Type F ! |
ACCESSORIES INPUT TYPE INPUT Additional Comments
Total number of additional or spare temperature sensors Number
Total number of additional or spare door open sensors Number
Total number of additional or spare mains power sensors Number
Total number of additional or spare mains power adaptors Number
SUBSCRIPTION INPUT TYPE INPUT Additional Comments
supplier) or Haier RTMD for Ref only comes
SIM card type Local SIM (to be procured and managed by partner) with Glabal SIM
Name and (APN) for local SIM provider 1 BTL
APN settings for local SIM cards (if applicable if local SIM selected above) Name and (APN) for local SIM provider 2 BTL
Name and (APN) for local SIM provider 3 BTL
Subscription period 3 or 5 Years 5
Dashboard language customization (English standard) Additional language other than English Spanish
INSTALLATION AND TRAINING INPUT TYPE INPUT Additional Comments
RTM system supplier to conduct installation Installation is filled out) Yes |

RTM system supplier to conduct central training

Training is filled out

Yes |

Introduction 1 - Site Details 2 - Installation

3 - Central Training

4 - Project Summary O 4

Figure 1: Snapshot of the technical screening dashboard.
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Figure 2: Remote temperature monitoring device attached to a refrigerator at health facility level.
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Figure 3: Sample of chart from the remote temperature monitoring dashboard.
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your device
DoubleheadCabbageHC,Please check.

Tuesday ¢+ 10:45 am

[HaierEMS]There is a High temperature
alarm in your device DangrigaPC,Please
check.

[HaierEMS]The alarm High temperature
alarm in your device DangrigaPC is
recovered.Please check.

Tuesday + 12:13 pm

[HaierEMS]There is a High temperature
alarm in your device K&KPC,Please check.

[HaierEMS]There is a High temperature
alarm in your device K&KPC,Please check.

[HaierEMS]The alarm High temperature
alarm in your device K&KPC is
recovered.Please check.

12:18 pm + DigiCell

Can't reply to this short code. Learn more

Figure 4: Sample of SMS alert received from the
RTM.

The description of the process for installation of the
remote temperature monitoring system. This is divided
into 3 phases. Technical screening of the cold chain
system. Training and installation of the RTM. Supportive
supervision and monitoring.

Phase 1: Technical screening

This was done in 2022 as part of the process for
strengthening of the cold chain network in the country for
the integration of COVID 19 vaccine into the routine
immunization system.

The process for the introduction of RTM started with
technical screening of the cold chain equipment (CCE)
including the temperature monitoring devices being used
at the national and the health facility level and reliability
on internet connectivity at the health facility to identify

the types of RTM device that will be suitable. The
assessment was done using WHO cold chain equipment
inventory and gap analysis tool, a web based technical
screening tool which is a planning tool for conducting and
analyzing cold chain equipment inventory.**

Some of the findings from the screening showed that
most of cold chain equipment (ice-line refrigerators) at
the health facilities used stem cell thermometers while the
national vaccine store had an alarm temperature monitors
from Beyond wireless (old model). The health facilities in
the rural areas have poor internet connectivity. Following
the screening, it was decided that remote temperature
monitors be used to replace all temperature monitoring
devices at the national and health facility levels. This
nationwide use of RTMDs was aimed to improve and
monitor cold chain equipment performance to ensure
vaccine potency, reduce wastage and tracking of cold
chain maintenance to inform long-term equipment
planning needs.

In addition, 2 types of RTM devices from different
manufacturers (Beyond wireless Limited and Haier
Limited) were agreed to be used to replace the
temperature monitors based on the specific features of the
2 devices.

The RTMD manufactured by beyond wireless has 4
sensors but uses local sim card for internet connectivity
and so can only be used where there is reliability of
internet connectivity. It was recommended to be used for
the national walk-in coolers and the subnational cold
rooms where a device can be used to connect four
refrigerators. The walk-in coolers, have a device that
receive input from the 4 sensors: 2 sensors (1 on top shelf
and 1 on bottom shelf recorded the refrigerator interior
temperatures; 1 sensor (attached to door jamb) monitored
the open-closed door status; and 1 sensor (on wall outside
refrigerator) monitored the ambient room temperature. At
the subnational cold room, the device with 4 sensors is
connected to 4 refrigerators.

The U-cool haier RTM manufactured by haier limited has
only one sensor and can be only used for one refrigerator
and can be used in the rural health facilities where there is
limited/poor internet connectivity because it uses global
SIM which works in areas where there is no or limited
local internet connectivity.

The RTMDs are primarily powered by the electrical grid
but they have built-in batteries that will power the devices
for up to four hours in case of a power outage.

The technical screening dashboard shows the number of
sites being monitored, the type of hardware and
accessories used (e.g. type of main power available at the
site, main power plug, spare sensors available), type of
sim card used (local or global), APN settings for local sim
cards, subscription period and dashboard language,
installation and training done (see Figure 1).
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Phase 2: Training and installation of RTMDs

The required number of cold chain equipment at the
national and health facilities following the technical
screening was used to determine the number of the
RTMD to be procured so that all the cold chain
equipment have the RTMD connected to them. The
procurement process was supported by the UNICEF
supply division immunization technology center that
sourced the device from the suppliers (Beyond Wireless
Technology and Haier Biomedical companies) after the
technical screening recommendations.

Series of trainings were done following the procurement
of the devices for local contractors and the MOHW’s
national engineering and maintenance center (NEMC)
team and cold chain manager who did the installation of
the devices with virtual support from the technical team
from the suppliers. At this session, the detailed function,
installation and settings were explained by the suppliers.

The beyond wireless RTMDs were installed in the 4 WIC
at the national vaccine store and 6 subnational vaccine
stores located in the 6 districts. The U-Cool Haier
RTMDs were installed in 28 refrigerators in 27 primary
health care facilities in the country.

The RTM system consisted of 2 major parts, the hardware
and the dashboard. The hardware is a global system for
mobile communication (GSM) that is, connected to a
cellular network with temperature. The sensor probe(s)
were placed inside a vaccine refrigerator, with the main
body of the device positioned nearby and mounted on a
wall. The system uploaded temperature and grid power
availability data to a server using cellular networks.

The second part of the RTM system, the dashboard,
organized and displayed the collected data through
various visualizations and analytics to inform decision
making for technicians and managers.*?

The process for the installation of all the devices on all
the cold chain equipment took between 6-8 months. In
addition, training was also done by the manufacturers for
the HC who manage the cold chain and immunization
services in all the health facilities about the devices and
Standard Operating Procedure developed to guide both
the installation and other details required to get
familiarize with the functions and management of the
devices including how to respond to temperature
excursion alarms from the RTM system, maintain cold
chain equipment and escalate unresolved cold chain
issues to the national levels to be addressed when
appropriate

Remote temperature recording
The most important feature of the RTM system is the

capability to notify recipients of alarm conditions, alarms
which are often referred to as excursions.

Beyond wireless RTM

There are 3 layers of alarm system set for the sensors
based on the temperature change and in line with the
WHO regulation.®?

The 1st layer alarm is raised when the temperature is
more than 8 degrees Celsius (>8°C), but the alarm is set
with a delayed time of one hour before sending alert via
SMS, email or App to the recipient.

The 2nd layer alarm is raised when the temperature is less
than +2°Celsius (<+2°C), but the alarm is set with a
delayed time of 2 hours before sending alert via SMS,
email or App to the recipient. The 3rd layer alarm is
raised when the temperature is less than minus 0.5 degree
Celsius, but the alarm is set with a delayed time of 30
mins before sending alert via SMS, email or app to the
recipient. Alarm recipients are in 3 levels. 1st level
recipient is the cold chain focal person at the health
facility level who first receive the alert via SMS, while
other individuals/group at the same health system level
are also notified of the alert via email. If there is no
response from the 1st level recipient who received the
alert after 15 mins, the alarm is sent to the second level
recipient who usually is at the next health system level
(district level). Similarly, if after 15 mins, there is no
response the alert is sent to the 3" level recipient who is
at the regional or national level so that actions are taken
timely. However, if the alarm is resolved (i.e. sensor goes
back into range), by the 1st level recipient then Stage 2 or
3 may never be reached and their recipients will not be
notified at all and the first recipient will receive a
notification that the alarm is resolved.

For the U-Cool Haier, (Figure 2) it is attached to the
refrigerators, the sensor is attached to only a device and
the alarm is raised when the temperature is more than +8
degrees Celsius (>+8°C), but the alarm is set with a
delayed time of 20 minutes before sending alert via SMS,
email or App to the recipients- the officer managing the
cold chain equipment at the facilities levels and other
officers at the district, regional and national level
depending on the set up of recipients in the systems.
Initially only the HCW who manage the cold chain
equipment at the health facility level received the alert,
however, to improve accountability and timely response
to the alert, the supervisor at the district and national level
were included as recipients.

Phase 3: Supervision

Regular planned/schedule monitoring  visits were
conducted by the cold chain manager and the technicians
to all health facilities to reinforce their knowledge and
skills and to provide hands on support to the HCW. The
manager also used the visits to assess all the cold chain
equipment, trouble shoot for any problem and conduct
preventive maintenance of the cold chain equipment and
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replace any parts of the cold chain equipment or RTMD
when needed.

Figure 3 show the temperature monitoring dashboard for
a health facility device for the month of October 2024. It
shows the temperature ranges during the month with
temperature of more than +8 degree Celsius (>+8°C)
reported some days in the month. Figure 4 shows the
sample of SMS alerts received from the Remote
temperature monitoring devices by recipients of the
temperature alarm when there is temperature excursions
from any of the devices.

PROGRAM RESULTS

Analysis of the alarm report from the remote
temperature monitors

The data on temperate pattern was extracted from the
periodic report from the online RTM dashboards between
November 2023 and October 2024. The data was
collected from all the 8 Beyond wireless devices and the
28 Haier devices on temperature excursions (<+2°C,
>+8°C), site, duration and frequency analysed and
presented in graphs.
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Number of alarms 31.3
30 Duration of alarm(hour)
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Figure 5: Alarm reports from the national and
subnational cold chain RTM devices (Nov 2023 to
October 2024).

Figure 5 shows the temperature alarm reports from the
Beyond wireless Remote Temperature devices connected
to the 4 national WIC and 6 districts cold chain
equipment. During the one-year study period, a total of 18
alarms were reported in 8 months from only four of the
eight devices (1national and 3 hospitals) which ranged
from one alarm per month to 6 alarms per month with
average of 2.6 alarms per month. The duration of each
alarm was from 0.6 hours to 31.3 hours with average of
9.6 hours with 75% of the alerts resolved within 24 hours.
All the alarms occurred when the temperature was more

than +8°C and no case of alarm dure to temperature less
than 2 degree was reported.

The major cause of alarm was failure of the electricity
supply and doors not properly closed and faulty
thermostat. Most of the alarms occurred during the week
and few cases during public holidays or weekends.
Seventy-eight percent (78%) of the alerts were resolved
by the 1st recipient — closure of the doors and removal of
vaccine to other areas especially when there was power
failure or fault in the electricity or generators and
resettling of the thermostat. Only 22% of the alerts were
escalated to the 2nd or 3rd level recipient before being
resolved.
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Figure 6: Alarms reported from health facility RTM
devices (Nov 2023 -October 2024).

Figure 6 shows the report of alarms from 28 Haier RTM
devices installed on 28 refrigerators in 27 health facilities.
During the one-year study period, a total of 428 alarms
were reported in 12 months from between 2-7 devices
which ranged from 23 alarms per month to 56 alarms per
month with average of 35.6 alarms per month.

The duration of each alarm was from 7.3 hours to 28.2
hours with average of 12.2 hours and 91% of the alarms
resolved within 24 hours. All the alarms occurred when
the temperature was more than +8°Celsius and no case of
alarm dure to temperature less than 2 degree was
reported. The major cause of alarm was the doors of the
refrigerators not properly closed and failure of the
electricity supply usually for a short period of a few
hours. Most of the alarms occurred during the week and
few cases during public holidays or weekends.

Qualitative data from the key informat interview done
with the health workers

The result is organized into two themes: (1) Perception
and experience of health workers on the use of the
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devices in improving temperature monitoring and (2)
Health system support in ensuring timely response to
temperature excursions.

Perception and experience of Health workers on the use
of the devices in improving temperature monitoring

All the respondents generally agreed that having the RTM
system and receiving alarms helped them to be more
aware of and responsive to temperature excursions. All
the respondents reported the remote temperature control
devices provided them confidence and assurance of the
safety of the vaccines in the refrigerators and made their
work much easier.

‘The RTM has made life very easy for us to monitor the
temperature of the cold chain. Before when we were
expected to be recording the temperature twice daily, but
this was difficult and we sometime forgot because we are
always very busy’ KI1.

‘The RTMD give me a lot of assurance about the safety
of my vaccines, I don’t get worried since I know if
anything goes wrong it will send an alarm to me and |
will act on time or even take the vaccines to somewhere
else safe if the problem cannot be resolved on time ‘KI12.

‘It is very easy to use and understand as it is user friendly.
It provides surety that the vaccine in my refrigerators is
maintained within the required temperature as | can
review the history of the temperature over time It has
made life easy for us’ KI3.

‘We have not experienced any issues since the RTMD
was installed, however about 3 weeks ago when there was
power outage at the health center, | received an alarm
alert and | removed all the vaccines from the refrigerator
using cold boxes and transferred them to the district urban
health center where the district store for vaccines is
located which helped in preventing the vaccines from
being damaged due to temperature excursion.” K14

Health system support in ensuring timely response to
temperature excursions

Despite the understanding of the health workers about
how the devices works and the process for alert reporting
when there are temperature excursions, sometimes the
response was very slow either because the health workers
do not have the capacity to respond or attitudinal
/behavioral issues of not being responsive. Since the
RTM were introduced to identify excursion for timely
response, the MOHW adopted some measures which
included regular training and supervision and inclusion of
the supervisors of the 1st recipients and supervisors at
national level of the alerts as secondary and tertiary
recipients of the alerts.

‘Initially there was delayed response to alarm by the
health workers because of not usually checking their

phones or email for alerts sent especially during the
weekend, however, since their supervisors were included
as recipients of the alerts the health workers at health
facility level are now responding better to alerts’. KII6

‘The technology is still very new and so some health
workers are still getting used to it especially what to do
when they receive the alert. However, the regular training
and supervision by the cold chain manager has been very
useful in ensuring better and timely response.’ KII 7

‘Anytime there is an alarm alert and we have tried all we
can do at the health facility to correct the alarm, we
usually call the cold chain manager who is always
available to guide us in trouble shooting the problem.
This has improved our skills and capacity to resolve most
of the alerts we receive’ KII 8.

DISCUSSION

The study described the deployment of the Remote
Temperature Monitoring system to improve the vaccine
cold chain performance. The alarm received through short
message services (SMS) and email when there is
temperature excursions alerted the health workers at all
levels to respond promptly. The heath workers in the
study generally agreed that the use of the Remote
temperature monitoring devices to replace the stem cell
thermometers and receiving alarms helped them to be
more aware of and responsive to temperature excursions.
This is like the studies on RTM where HCW agreed that
having the RTM devices made their jobs much easier and
beneficial to their ability to monitor the state of the
vaccines.>’

The response time to alerts by the first recipients who are
the focal persons for immunization at the health facilities
in the study improved with the inclusion of their
supervisors as recipients of the alerts. The inclusion of the
supervisors as recipients of the alarm alerts is a form of
accountability framework established to improve the
response to temperature excursions.

This form of accountability mechanism has been
advocated in various studies which found that despite the
access to data on continuous temperatures there were still
lack of responses to documented excursions by health
workers.**15 The purpose of investing in the technology is
defeated if there is no timely response to temperature
alerts due to the attitude or behaviors of the health
workers.?*#16 A study in Albania reported that procedural
compliance by health workers increased due to the
knowledge that supervisors are automatically informed of
temperature excursions.*’

In addition, the inclusion of the supervisors in the study
as recipients of the temperature alerts also ensured that all
alerts are followed up by the supervisors and all support
needed is provided to fix the problems, some of which
may be beyond the capacity of the first recipients, like
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changing, repair or regulation of thermostat or electrical
problems. Similarly, the cold chain officer who received
all the alerts followed up with the health facilities to
support by phone in addressing the concerns and when
these can’t be fixed via virtual guidance, the cold chain
manager would give priority to the matter and go to the
health facilities to support physically at the health facility
level. This is similar to the finding in study in Tanzania
and Albani which reported that the awareness and
involvement of supervisors reinforced the process of
seeking solutions through tracking of cold chain
equipment performance remotely and following up with
facility-level health workers to address immediate
concerns and provide the needed support including the
replacement of inadequate equipment.”-18

There is still the need to improve on the response to alerts
especially when it happens over the weekend or public
holidays when the staff members live far from the health
facilities and may have challenges with transportation.
This can be addressed by the hospital management
providing transportation for the health workers or
ensuring staff who are on duty or live close to the health
facilities are trained on what to do and have access to the
cold chain equipment and can be asked to respond timely.
Lack of transportation and poor coordination of resources
are some of the factors found to be responsible for lack of
response to documented excursions.*+1%

Monthly monitoring and supervisory visits by the cold
chain officer to reinforce the knowledge and the skills of
the health workers on the causes of temperature excursion
and what to do including resettling of thermostat
contributed to improved management of alarm alerts as
part of the health system support initiated in the study.
The need for continuous training of all health workers
involved in immunization services on device maintenance
and data interpretation and developing standard operating
procedures for responding to alarms has been identified
as an initiative to improve knowledge and skills to be
implemented as a complement to RTM system
implementation and use.>67

CONCLUSION

The study contributes to existing knowledge on the use of
remote temperature monitoring system to improve cold
chain management. The alarm alerts received by the
health workers when there are temperature excursions
ensures prompt response to maintain the cold chain and
vaccine potency even when the health facilities are
closed. However, the deployment of RTMD alone is not
sufficient to ensure effective cold chain management, the
attitudes and practices of the health workers are essential
in ensuring the investment in the RTM system is not
waste.

There is need to include the monthly report of the RTM
as part of the monthly immunization report and be
discussed during Immunization review meetings at the

health facility, district and national levels to promote the
use of the data for action.
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