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Hong Kong vaccination program launched at the end of February of 2021 to fight against the COVID-19 pandemic. The vaccine

program is still ongoing and has been operated stably, with Hong Kong currently having more than 80 percent of people getting fully
vaccinated. Since logistics of vaccine supply is critical to a successful program, in this work, we introduce our vaccine supply chain and
explain the system of vaccine order and distribution, and the way tracking and monitoring by an online platform developed by the

Logistics and Supply Chain MultiTech R&D Centre.
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Introduction

Vaccination is an effective way to safeguard the public
from COVID-19. Since the end of February 2021, the
Hong Kong SAR government started to provide the

public with two types of vaccines: (1) mRNA technology
platform, by Fosun Pharma in collaboration with the
German drug manufacturer BioNTech (hereafter referred
to as BioNTech); and (2) Inactivated virus technology
platform, by Sinovac Biotech (Hong Kong) Limited
(hereafter referred to as Sinovac) [1]. In [2], the author
explores the optimal method to distribute the limited
supply of vaccines to the citizen in a way that matches the
supply with demand and minimizes the cost, especially
for the Hong Kong immunization program. Before
the vaccination program kicked off, this work helped
policymakers draw up the plan for the vaccination
program by helping them have a more logical and
optimized methodology to plan vaccine distribution over

time.

However, the implementation of the vaccine program

requires not only regulating the supply of vaccines, but
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also overall schemes such as planning the supply chain
of vaccines, last-mile delivery, and operating vaccinations
for CVCs. Especially, since the expiration deadline
of the COVID-19 vaccines is tight [3], the efficient
management of these is crucial for the success of the
vaccination program [4]. Furthermore, the vaccines
must be efficiently distributed so that they can reach the
citizens without waste or bottlenecks in the supply chain.
Therefore, it is essential to design a smooth and efficient
vaccine distribution supply chain that minimizes wasted
vaccines and enables prompt and accurate delivery and
use of vaccines. In this work, therefore, we focus on this
part as an effort for a successful vaccination program in

Hong Kong.

For the Hong Kong vaccination program, Logistics
and Supply Chain MultiTech R&D Centre (LSCM)
has cooperated with the government to support vaccine
programs in various ways. First, LSCM provided a system
to monitor the vaccine delivery process. In particular,
the e-Lock system developed by LSCM secures the
transportation of the BioNTech vaccines from the
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warehouses to the Community Vaccination Centers
(CVC). Also, LSCM offered a real-time dashboard to keep
track of the usage of the vaccines in each CVC. Lastly,
LSCM implemented an online platform for each CVC
to request vaccines and to report vaccine usage, and for
a Central Command Centre (CCC) to manage all CVCs
requests and to place the final order to the warehouse. The
information provided in the online platform enables us

to monitor the inventory and decide how many vaccines

should be ordered in each CVC daily.

In this work, we introduce the supply chain of the
vaccine with each CVCs operation and the online
platform, which is implemented in the Hong Kong
vaccination program. This system enables to speed up
and secure the delivery of the vaccines and enhance
the efficiency of the vaccination program. Although
the systems are provided separately for both vaccines,
BioNTech and Sinovac, we only cover the BioNTech

case in this manuscript. The logistic process of the

Vaccination Program in Hong Kong

BioNTech is much more complicated than that of
Sinovac since it has multiple critical Use-By time
points in its shelf life. This discussion will also help
understand the handling of Sinovac.

We proceed with this exposition as follows. Section
2 introduces the vaccine supply chain design we have
implemented in Hong Kong. In Section 3, we explain the
vaccine delivery from the warehouse to each CVC with
the process of vaccine order and fulfillment. Section 4
includes the operation at CVCs for inoculation to citizens
and Section 5 explains our vaccine order algorithm based
on a rolling horizon approach. In Section 6, we explain
the information system with our online platform which
records the necessary information and enables the staff to
monitor the process. Section 7 shows the vaccine void rate
in the Hong Kong vaccination program and classifies the
rate by reason. Finally, we discuss all the above systems

and conclude the work in Section 8.

Vaccine Supply Chain Design
i > =
h —

Factory Warehouse

Figure 1: Vaccine distribution process.

In this section, we describe the vaccine supply
chain of the vaccination program implemented in
Hong Kong from a distribution point of view. Figure
1 illustrates a generic representation of the vaccine
distribution process. The process consists of four
echelons from the manufacturer to the end-user (i.e.,
the citizen): the factory where the vaccine is produced,
the warehouse where the vaccine is stored, the CVCs
where the inoculation is administered, and the citizen
who are the recipients of the vaccine. The vaccine
supply chain in our vaccination program involves not
only the delivery but also the vaccination operation at
each CVC and inventory management for the efficient
distribution system. Therefore, in order to enhance the
vaccination program successful with this supply chain,
it is important to design the supply chain properly by
considering how each part in the supply chain (delivery,
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operation, and inventory management) operates and
how it is connected to each other to make the system

seamless and efficient.

Since the supply chain must be tailored to the
product, we should also consider the characteristics of
the product when designing the supply chain. In the
case of vaccination programs for sudden outbreaks like
COVID-19, they have several unique characteristics such
as high uncertainty in both supply and demand and the
mass distribution under time pressure, which differentiate
it from the supply chain of other products. In addition,
the BioNTech vaccine which is one of the COVID-19
vaccines requires a special cold chain distribution with
quite a short use-by time to be safely stored. Therefore,
when designing the supply chain, we must consider the
special conditions discussed as follows.
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Requirements for BioNTech vaccine:

* The vaccine needs to be stored at ultra-low temperature
(-70°C) before thawing.

¢ Once the vaccine is thawed, undiluted vaccine

vials could be stored in the refrigerator with a

Vaccination Program in Hong Kong

(Since 16 September 2021, it has changed to 30 days
[5]).

e The vaccine must be diluted within 2 hours in room
temperature (up to 25°C).

e The vaccine must be used within 6 hours after

temperature from +2°C to +8°C for up to 5 days dilution.
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Figure 2: lllustration of vaccine supply chain design.

Taking these special characteristics of the BioNTech
vaccine into account, we modeled the entire supply chain
of vaccine logistics and operations and implemented it in
practice in the Hong Kong vaccination program. Figure 2
shows this supply chain design. The first part of the supply
chain is the delivery from the factory to a CVC. Since
the delivery process from the factory to the warehouse
is under the responsibility of the vaccine manufacturer,
we only deal with the delivery process except for this
part to discuss the vaccine distribution process for Hong
Kong. The arrows indicated by dotted lines represent the
flow of information such as the quantity of vaccine they
need or order while the solid line indicates the flow of
materials which are shipped. Specifically, the information
about the quantity of vaccine orders are transferred from
each CVC to the warehouse after being confirmed by the
CCC and the vaccines are delivered from the warehouse
to each CVC respectively. The second part of Figure 2
is the distribution process within each CVC. After the
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vaccines are shipped from the warehouse to each CVC,
the CVC dispenser stores the vaccines in the refrigerator
with a checking process and distributes the required
vaccine vials to the dilution team. Then, the dilution team
staff reconstitutes the vaccine with diluent and prepares
the syringes. The syringes are then distributed to each
inoculation booth for injection to citizens. The end-user
of the vaccine is the citizens who get inoculated, so there
is a demand flow which is represented in the third square
in Figure 2. Citizens go to the CVC where they make
appointments to get vaccinated. When they arrive at the
CVC, they go to a waiting area of the CVC and go get
inoculated in turn. Lastly, all the procedures are recorded
and managed via an information system for effective
vaccine management. The online platform designed by
LSCM enables the relevant users to monitor the status
of their vaccine stocks and orders and the flow of the

vaccines.
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Vaccine Order, Fulfillment, and Delivery

In this section, we describe the process of fulfilling and

delivering the vaccine once it is ordered. As mentioned
in the previous section, the BioNTech vaccine has special
temperature conditions and short shelf life for safe storage
after being thawed or diluted. Therefore, the delivery
system for this vaccine and the additional processes
involved pose greater challenges than other delivery
systems. First, most healthcare providers have no ultra-
cold freezer that meets the temperature requirements for
the storage of the BioNTech vaccine, while the vaccine
should be stored at a proper place having the special
freezer for long-term storage and distributed to all CVCs
from this place upon orders. To solve this problem,
the Hong Kong government outsources the storage of
vaccines and transportation to each CVC to a private
company by designating DCH Auriga (DCHA) as the
exclusive distributor of the vaccines for the Hong Kong
vaccination program [6]. To increase the effectiveness of
vaccine supply chains, WHO recommends outsourcing
certain functions of the supply chain to another private

sector [5,7]. Indeed, several research studies show that

Vaccine Order

Vaccination Program in Hong Kong

such outsourcing is beneficial [8, 9, 10]. The DCHA is
one of the largest healthcare distributors in Hong Kong
and has strong experience in managing sophisticated
pharmaceutical supply chains with its cold chain expertise.
By outsourcing the storage and delivery of the vaccine,
therefore, the whole supply chain could be smoothly
and effectively managed. Second, for the successful
introduction and implementation of the BioNTech
vaccine, we must tackle the challenge of convincing the
citizens of Hong Kong that the delivery process of the
vaccine is safe. Since the BioNTech vaccine which is
one of the novel mRNA vaccines has unusually delicate
requirements to maintain its efficacy, the citizens could
have hesitancy against getting vaccinated and have doubt
in the safety of its supply chain management. This problem
is mitigated by recording the information about the safety
of vaccine delivery through an information system, which
will be discussed in Section 6. By tracking and monitoring
the delivery of vaccines on the information system, it is
ensured that the vaccines are delivered and managed in a
proper condition safely. As a result, it helps the recipients

of the vaccine trust the vaccine management system.

y

Figure 3: The flow of vaccine order.

The flow of vaccine order is shown in Figure 3. Each
CVC requests the necessary quantity of vaccines based
on its inoculation booking number and vaccine inventory
amount around 2 p.m. in each day. After all CVCs placed
requests, the CCC pharmacist manages the requests of
all CVGCs to coordinate and confirm the requests. And
then the CCC pharmacist places the final order for all
CVCs around 3 p.m. Then, according to the confirmed
final order from the CCC, the delivery staff prepares to
deliver the vaccines from the warehouse to each CVC 2

days after the order is placed. A detailed explanation of
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the order logic or the online vaccine ordering platform is
deferred to Section 5 and Section 6, respectively.

Order Fulfillment
The original factory supply of the BioNTech vaccine

is in a carton containing 195 vials, which is called a
“pizza box” [11]. After the vaccine is shipped from the
factory to the warehouse, the pizza boxes are stored in
the ultra-cold freezer without repackaging it. Once the
vaccine is thawed, it could be stored for up to 5 days in
the refrigerator with a temperature from +2°C to +8°C.
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Hence, we should make the delivery process prompt and
systematic to maximize the period of storage at each CVC
after the delivery.

Upon receiving the final order from the CCC around
3 p.m., the DCHA staff prepares for the delivery by
taking the pizza boxes as much as the required quantity
out of the freezer and thawing the vaccine overnight.
Note that once a carton of vaccine is opened, all vaccine
vials in the carton must be thawed immediately. Thus,
the total amount of the ordered vaccines from all CVCs

Order Delivery

Vaccination Program in Hong Kong

each day must be in the multiple of 195 vials to match it
with the number of all vials in the pizza boxes taken out
of the freezer. On the next day, the thawed vaccines are
repackaged as one of the three types of packages (195 vials,
5 vials, and 1 vial per box) and arranged to be delivered
the day after. Then, the prepared vaccines are delivered
the next day early in the morning, enabling the CVCs to
start vaccination operation from 8 a.m. after the process

of checking the delivered vaccines.

Figure 4: Safe delivery with e-Lock system.

In the delivery process, the e-Lock system developed by
LSCM is applied to the delivery system for real-time
tracking and monitoring, to make sure the vaccines are
delivered in the uncontaminated state safely in time. The
e-Lock system registers bundled information of e-Lock ID,
handheld device ID, departure location, and destination
location. The delivery process from the warehouse to each
CVC is as follows. The truck driver loads the vaccines
on the truck and locks the truck door with the e-Lock
and the mechanical key as shown in Figure 4. Then the
driver activates the e-Lock with handheld and transports
the vaccines to CVC. The truck’s GPS and the e-Lock
status information are monitored on the console panel of
the e-Lock monitoring platform. When the truck arrives
at its destination, the driver deactivates the e-Lock with
the handheld device to end the secured trip. The driver

19 April, 2022

unlocks the e-Lock with the mechanical key and hands
over the vaccines to CVC. If an abnormality such as
e-Lock is tampered with or geofencing is violated during

this process, an alert will be triggered.

As you can see in Figure 5, the information stored
through the e-Lock system allows you to check in real-
time the locked location before delivery, the unlocked
location after delivery, and the arrival time of each CVC.
For example, let us look at the delivery process ofadelivery
staff whose VendorELockID is CNLS0001500688. In the
first and tenth rows of Figure 5, you can check the delivery
route of the staff with this ID. On March 9, 2021, this
staff loaded the necessary vaccines from the DCHA
warehouse and locked the truck at 6:11 a.m., and at 6:31
a.m. opened the truck door at CVC No. 26 to unload the

vaccines. In addition, the truck door was locked again at
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6:39 a.m. at CVC No. 26 and the truck continued the
delivery process by heading to CVC No. 17. Lastly, it can

Vaccination Program in Hong Kong

be seen that the truck door was opened at CVC No. 17 at
6:50 a.m. for unloading the vaccines there.

E-Lock-Secured Vaccine Safe Logistics

Date: 09/03/2021

VendorELockID L | ~ | Date Time (U) |+ | Location Unlocked
CHLS0001500688 9 532021 631 (26)EEBBE
CHLSO001491224 93 LI 636 2YEEMEARAEREERFL
CHLSO001500437 %3 0:32021 §37 (25) W MRS
CHLSO001502484 932021 611 DCHA 0IM 3 2NEE RS E
CNLSO001500176 G320 §10 DCHA GA 640 (I EEBHERE
CNLSO001487376 9 611 DCHA % 16430 (1) T EREiE
CNLS000 1486609 g 61l DCHA g I {BEEEEE
CHNLSO001501971 8 1410 DCHA ¥ 1643 (29) e eE
CNLSO00 1490198 9 &11 DEHA o 16:45 (L0)EW TR
CHLS0001500688 9 630 EVEEERE o 1650 (1B EENBE
CNLSO001500950 g 16:10 DCHA 032001 632 () MEBER
CHLSD001500437 C 617 (25)BEREEE & 17:06 (24)mi=SBE
CHLSD001491224 ¢ HE 2 EEEaESEEEEFL ¢ M1 2R IENERF L
CNLSD00 1500688 8 SN ERERER & 4 (MFLUEs EEwE
CHNLS0001490198 83 L (I)EETEEE g BENFr: fal v-{-1 o
CNLSD001487376 93 12N EREE & TS (1) RREETE— R W)
CHLSO001502484 g N EEREE 9 712 (28 Mt AT IR
CNLSO00 1486600 s W (BEEESIE G372021 723 ()R EE
CHLSO001500176 613 (IR ReE G312 (19 EER L EREE
CHLSO001500950 ) N6 (briE S 3 13 (18)FEFALARRE
CHNLSO001501971 973 I (9= EEE 3 0)ERERTE
CNLSO001500176 FAANTFH (9 mESEREE 32021 THE (14) g R

Figure 5: Safe e-lock secured logistics.

CVC Vaccination Operation

After the vaccines are shipped from the warehouse

to each CVC, the CVC dispenser team receives the
vaccines with a check-in process and stores them in the
refrigerator. During the CVC working hours, the CVC
dispenser team takes the required amount of vaccine from
the refrigerator to the dilution team for them to dilute
the vaccine and prepare syringes. Then, the dilution
team distributes the syringes to the inoculation team of
each booth for inoculation. The successful inoculation
numbers, together with the voided dose (wastage), are
also reported back in real-time so that we can know the

consumption rate of the syringes prepared.

Since the precise handover of vaccines between each
team is the cornerstone of a successful vaccine program,
loggings with vaccine batch registration information
(what), handover time stamps (when) and the relevant
staff cards (who) are recorded in each handover procedure.

In addition, the verification process automatically records
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the delivery process in real-time on the online platform
and the users enable tracking and monitoring in real-time.
Therefore, it is possible to oversee the delivery, inventory
control, and order planning of the vaccines with a real-
time vaccine management system. Now, we describe

each process in detail.

Receiving process:

When the delivery staff arrives at a CVC, the CVC
pharmacist scans the personnel NFC card of the driver
and verifies the number of vials and saline received,
confirming delivery of goods. Also, the CVC dispenser
checks the vaccines and saline individually by reading the
barcode in each vaccine package like in Figure 6 (a). The
barcode tells the information that includes the vaccine
quantity, lot number, thawed timestamp, and use-before
timestamp. The vaccine information is automatically
recorded on the online platform at the time the barcode
is read. Then the vaccine will be put in the fridge waiting

to be used.
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Figure 6: (a) CVC check-in (b) Dispensing

Dispensing process:

According to the booking number of people for
inoculation in each time slot and the information
of the real-time waiting area”s queuing line, the
dispenser transfers the required quantity of vaccines to
the dilution team to prepare syringes to be used. At
this time, the vaccine is brought out to be dispensed in
the order of the shortest shelf life (the earliest thawed
time) among the total remaining stock according to
the rule of first expired first out (FEFO). The dispenser
prints two dispensing labels for the dilution team,
which has the information: the dispensing timestamp
of the diluent saline and vaccine, the quantity of them,
the thawed timestamp of the vaccine, and the use-
before timestamp of the vaccine (within two hours at
the room temperature), as shown in Figure 6 (b). If
the vaccine vial is found abnormal, such as having dirt
or having a loose cap, the whole vial will be discarded

with reason recorded.

Dilution and syringes preparation process:

After the dilution team takes over vaccines and diluent
saline, they start the dilution process and print nine
label stickers per vial, with 1 for syringe container tray,
1 for worksheet, 1 for the vial bottle, and the others for
6 syringes, as shown in Figure 7. The information on the
stickers is all identical and includes the assigned dilution

serial number, vaccine lot number, and the use-before
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timestamp (within 6 hours after dilution). So, each syringe
is trackable back to the original vaccine vial, i.e., in case
any anomalies arise, the problematic vaccine vial and lot
number can be traced back. Now, the trays with syringes
are distributed to the inoculation booths, and the system
will associate the information of the syringe container and
the inoculation booth representative during the handover
of the syringes. The booth representative returns the used
empty vial bottle and the syringe tray to the dispenser. If
there are vaccine syringes that need to be discarded, they
are placed on the tray at the booth and delivered back to
the CVC dispenser for a calculation of the waste volume.
The voided syringes are then recorded in the system in

dose units along with the reason.

Stock taking and vaccine ordering:

For each CVC, the CVC dispenser requests the needed
quantity of vaccine and diluent saline through the LSCM
online platform. Vaccine requests must be submitted
to the CCC side between 2:00 p.m. to 2:20 p.m. after
confirming the vaccine and saline inventory. The ordering
system on the online platform, which has the information
related to demand and supply, generates the CVCs’ order
requests for vaccines with the unit of a pack of 195
or 5 vials and for saline with the unit of a pack of 20
ampoules. The order request of each CVC is automatically
calculated on the system based on the CVC’s inoculation

appointments information, which is updated daily,
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and current inventory information. For the inventory
information, the dispensing staff performs inventory

checking and makes sure that the computer record on the

ﬂmmcm'

13‘

Lol Number: 210102
Dilution Serlal:
00022

ltem 1d: 30544

Use Balare

EXP: 0§/2021

(@)

Figure 7: Dilution label sticker for the vial (b) Vaccine trays and syringes with label stickers.

Vaccination Program in Hong Kong

online platform matches with the physical stocks. Figure

8 shows the vaccine stock in the refrigerator.

(b)

Figure 8: Vaccine stock.

If there is any CVC that misses vaccine request till
2:20 p.m., the CCC staff would call the CVC staff to
make them submit the request immediately. After all
CVCs placed the requests, the system automatically
rounds up the total vaccine requested from all CVCs to
fit multiples of 195 vials which is the thawing unit, and
the odd vials are distributed to the CVCs with Hamilton’s

19 April, 2022

method (2 See reference [12] for the explanation of
Hamilton’s method). After this automatic adjustment,
the CCC pharmacist places the final order. Note that
the CCC staff may adjust the final vaccine and diluents
quantities assigned to each CVC as needed, so the final
order may differ from the original request from CVCs.
The CCC user then submits the final order by 2:45 p.m.
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and each CVC user would be able to view the adjusted
order after 2:45 p.m. Once the final order is placed, the
ordered quantity of vaccine and diluents will be delivered

Vaccination Program in Hong Kong

two days after the date of application. A more detailed
explanation of vaccine ordering logic is described in the

next section.

Vaccine Order Algorithm Based on a Rolling Horizon Approach

Order Request Day

Planning Horizon Length

<—— Periodicity —>

Frozen Interval |

Free Interval

T+1

Realized Interval

Planning Horizon Length

Frozen Interval

Free Interval |€ New Demand Data =

Realized Interval

T ‘ T+1 ‘ T+2

| Time

s T+4

Figure 9: lllustration of rolling horizon planning of vaccine order request.

In a COVID-19 Vaccine supply chain; there are
several conditions to consider when ordering to ensure
adequate stock of vaccines at each CVC. First, the special
requirement for the shelf life of the vaccine must be taken
into account. Once the vaccine is thawed and delivered
to each CVC, it can be stored in the refrigerator for up to
5 days. Therefore, we should not allow our inventory to
remain unused for more than 5 days. Second, we should
consider that the citizens who made appointments but
could not come (no-show) or changed their appointments.
In the Hong Kong vaccination program, the citizens can
only make new appointments on an online platform two
days prior to the inoculation date. Therefore, the number
of appointments within 2 days should be discounted (with
no-show or cancelled/changed appointments), after 2
days should be on the rise (with expected new bookings).
If these are not properly reflected when deciding the
quantity of the order, there could be a possibility that a
large number of vaccines are voided without being used
within the shelf-life period, or this may be a factor that
interferes with scheduled inoculation due to insufficient
quantity. Therefore, to avoid wasting vaccines, we use
a reactive approach in the context of a rolling horizon
approach that updates demand and inventory on a daily
basis, ensuring that order volumes are properly re-

planned as needed.

In Figure 9, two consecutive iterations of the rolling

horizon planning are shown. For notational convenience,

19 April, 2022

we refer to T as the date of placing the order of the first of
the above two iterations. Then, the next day is T+1 which
is the start of the second rolling horizon. In the rolling
horizon planning for the vaccine order request system,
the time horizon required to calculate the quantity to be
ordered on day T is from the time of ordering in day T
today T'+3. This span of the period is divided into the frozen
interval containing the information of the days T, T+1,
and T+2, and the free interval having the information of
the day T+3. On day T, the appointments on the days T,
T+1, and T+2 are not open for new bookings, and we will
consider the actualbooking number with a discount rate,
i.e., to take into the factor of no-show and appointment
cancellation. On the day of the order T, especially, the
number of undispensed vaccine vials and the remaining
number of appointments are considered as the current
stock and the remaining demand of day T, respectively.
Therefore, the current remaining stock and the current
remaining demand are taken into account in calculating
the order quantity, excluding the vaccine usage that has
already been realized at the time point of ordering. On
the other hand, the appointments of the day T+3 in
the free interval are subject to change on day T on the
online booking system, the demand of T+3 is considered
as safety stock. We will consider the actual booking rate
on T+3 with an expectant rate, i.e., to take into account
of appointments variations expected on T+3. The order

requests from each CVC after these calculations take place
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around 2:00 p.m. on a daily basis. The order on day T is
for the delivery of day T+2. Orders on Friday are subject
to slight changes to account for shipping holidays on
Sunday, but the order logic is not significantly different,

so we will omit the description of it.

When a new planning period starts, we confirm that
the part that was the free interval in the previous horizon
is frozen, the number of appointments of the next day is
updated with new demand data, and the realized data is
updated, so you can apply more accurate information to
the calculation. This process continues repeatedly until the
vaccination program is complete. The implementation of
thisalgorithm considers the uncertainty of the COVID-19
vaccine supply chain associated with the difference
between the planned and the actual appointments. Thus,
the calculated ordering quantity covers such uncertainties
by constantly applying the current state of the demand and
supply. That is, the ordering system is quickly adjusted to
include new information about the quantity used on the
day and the new demand data as safety stock; thereby it
improves the accuracy of the calculation. As a result, this
planning makes the vaccination program more successful
by minimizing the amount of vaccine waste. In addition,
all the calculation is automatically done on the online
platform, making the system efficient and convenient.

The detailed order logic is as follows.

Assume that the order date is T. The supply is the
current stock inventory except for the vaccine which
has already been dispensed at the time of the request
(which include the order delivery on the current day T,
as it will be received before 7:00 a.m.), plus the amount
that is scheduled to be delivered on the next day T+1.
On the other hand, when calculating demand, we take
into account the number of appointments from the day
T to T+3. Apart from the values for T, T+1, and T+2,
the value for T+3 is for safety stock. Note that there is
a requirement for one-day safety stock in each CVC. In
Hong Kong, the booking appointments for BioNTech
are frozen 2 days before the inoculation date, so the
number of appointments for T+3 is subject to change,
we consider the expectant rate in anticipation of further
increase or decrease. In addition, the original number of

appointments is adjusted to the number of discounted
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bookings. Originally, the discounted booking rate was set
to less than 100% in consideration of no-shows, but now
it is set to 105% as shown in Figure 10 considering the
walk-in quota. In addition, if adjustments are required
due to outreach programs or other reasons, the required

quantity is indicated in the Adjustments row.

Finally, the demand is the sum of the discounted
booking numbers of T, T+1, and T+2, the discounted
booking number of T+3 considering the expectant rate,
and all adjustments T, T+1, and T+2. Then, the difference
between the demand and the supply is the automatically
calculated number of order requests for the CVCs.

Information System with Online

Dashboard

In this section, we explain our information system which
connects the whole supply chain and provides proper
information to the relevant staff. Information systems in
the vaccine supply chain enable better and more timely
decision-making to the staff in the vaccination program
and make the supply chain smooth and efficient [13].
Also, for the effective functioning of the vaccination
program, [14] puts an emphasis on the existence of
information systems in the vaccine supply chain.
Therefore, the design of the information system, as well
as its existence, is important factors in the success of the

vaccination program.

The vaccination program in Hong Kong is managed
through the secure online platform developed by LSCM.
The information needed for each CVC and the CCC
along the whole supply chain is collected and recorded
by the relevant staff at each stage of the supply chain at
the right time in the process. In addition, the information
is automatically recorded to the platform by reading
barcodes of the vaccines and their relative products, and
the dashboard provided on the online platform shows
the information that is calculated automatically from
the relevant numbers. Thus, this online platform helps
the vaccination program to be operated seamlessly and
efficiently by providing accurate and timely information
to the relevant staff conveniently. Now, we describe the
detailed functions of the online platform.
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Half-Hourly Status

Time Dispensed
Time slot

07:00 AM - 08:00 AM 100% 180

08:00 AM - 08:30 AM 100% 15 0 10
08:30 AM - 09:00 AM 100% 7 0 16
09:00 AM - 09:30 AM 100% 18 0 30
09:30 AM - 10:00 AM 100% 25 (0] 30
10:00 AM - 10:30 AM  100% 52 60 38
10:30 AM - 11:00 AM 100% 39 60 54
11:00 AM - 11:30 AM 96% 49 0 0
11:30 AM - 12:00 PM 40 0 0
12:00 PM - 12:30 PM 38 0 4]
12:30 PM - 01:00 PM 25 (8] 0
01:00 PM - 01:30 PM 0

01:30 PM - 02:30 PM 0

02:30 PM - 03:00PM - 64 0 0
03:00 PM - 0330 PM - 82 0 0
03:30 PM - 04:00 PM - 38 0 1]
04:00 PM - 04:30 PM - 46 0 0
04:30 PM - 05:00 PM - 39 0 0
05:00 PM - 05:30 PM - 40 0 0
05:20 PM - 06:00 PM - 19 0 Q
06:00 PM - 06:30 PM - 34 0] 0
06:30 PM - O7:00 PM - 33 0 0
07:00 PM - 0730 PM - 54 0 0
07:30 PM - 08:00 PM - 0

08:00 PM - 09:00 PM - o

Backdate 0
Accumulated I5T 300 178

Figure 10: Half-hourly status during the day.

Dashboard functions for CVC

Each CVC is a place where vaccination is operated, and
its main tasks are to order vaccines, receive the delivered
vaccines, manage inventory, and perform vaccinations.
In doing these tasks, it is required for each CVC to
record, check, and monitors each process thoroughly for
the successful implementation of the vaccine program.
To facilitate the tasks of CVCs, the dashboard provides

several reporting functions for each CVC including

19 April, 2022

Elapsed % | Booking (Dose) |Inoculated

Net
Demand | Demand
Inoculated for the for the
/ Booking Void Remain | next cycle | next cycle
(%) (Dose) (Dose) (Dose) (Dose)

0 180 65 65
67% 0 170
229% 0 154
167% 0 124
120% 0 o w0 s
I v
0% 0 116 63 | 7
0% 0 116
0% 0 116

0 116
0% 0 116 132 16
0% 0 116
0% 0 116
0% 0 116 |

0 116 €0 116
24% 6 757

the following basic functions: half-hourly status, daily
activities, and booth activity log.

As you can see in Figure 10, on the half-hourly
status page, the number of appointments, the number
of inoculations, and the ratio of the two are indicated
in each time slot. The time slots for the available
vaccination time (from 8:00 a.m. to 8:00 p.m.) of the
day are divided into 23 slots at 30-minute intervals

except for the one-hour time slot from 1:30 p.m.
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to 2:30 p.m. considering a lunch break from 1:00
p-m. to 2:30 p.m. In addition, one hour before and
after the vaccination operation time is the preparation
time (from 7:00 a.m. to 8:00 a.m.) and finishing time
(from 8:00 p.m. to 9:00 p.m.) of CVC, respectively.
In this page, not only the above numbers but also
the amounts of vaccine distributed, discarded, and
remained are recorded in dose units by this time slot.

All the numbers are recorded in real-time, so you can

monitor the performance of the process for all CVCs
in real-time, which enables the relevant staff to utilize
the information in a timely manner. For example,
if the current time slot is from 11:00 a.m. to 11:30
a.m. as shown in Figure 10, the information of the
present time slot is displayed in bold red text. Also, the
accumulated information of the day can be checked
like at the bottom line in Figure 10.

Booth Activity Log

Search:

S 1

07:50 AM

07:59 AM INBOO381 sC 017 6
07:59 AM INBO0381 SC 018 6
07:59 AM INBOO381 sC 019 6

Figure 11: Booth activity log.

On the daily activity page, you can monitor the
vaccine usage and inventory for the day, and the discarded
vaccines are recorded by reason. In addition, the daily
activity logs for the quantities and lot numbers of vaccines
delivered, dispensed, discarded, and stocked during the

day are recorded down to the minute. The booth activity

Contaminated / Damaged during processing

log page, on the other hand, records the syringe usage
information of each inoculation booth, which includes
booth number (or booth card number), the number
of syringes received with the dilution serial, and the
timestamp of syringes received or voided. An example is
shown in figure 11.

Sun Yat Sen Memorial Park Sports Centre

Order Date: 2021-09-27

|Delivery Date:  2021-09-29

Bookings and Adjustments

Date | 2021-09-28 2021-09-29 | 2021-09-30
Di“‘u_u“ted 306 . 335 372 644 (Extra 100% ** = 100%)

Bookings(105%)

Adjustments: 209 i 207 U 200 i N/A

* This shows the realtime remained booking quantity. Remained Booking Quantity = Discounted Booking - Dispensed Vials x &
** This rate is applied to predict the expectant booking number
t Click for adjustment details

Saline
s Vaccine Request in packing - 2 i 5
3 Vaccine i | Saline Delive Saline in Saline
Vaccine Stock Delivery d - Saline Stock 2
3051:06.28 Nee vial 195 2021-09-28 Need Request
333 vial 0 vial 46 vial 0 pack 10 pack 50 vial 350 amp. 0 amp. 29 amp. 2 pack
1998  dose 0 dose 276 dose 0 dose 300 dose 300 dose 2100  dose 0 dose 174 dose 240 dose
€CC Final Vaccine Order in packing
€CC Final Saline Order
- pack - pack - pack - vial - pack
- dose - dose - dose - dose - dose

Figure 12: The BioNTech vaccine request page for a CVC.

19 April, 2022

Med Case Rep Ther Stud, Volume 03(02): 117-122, 2022



CP.

Clarion Publishers

Vaccination Program in Hong Kong

There is also a page where each CVC places vaccine
request, which is shown in figure 12. The CVC
dispenser uses this form to place the vaccine and saline
request. Before submitting the request, the CVC
dispenser should make sure the vaccine and saline
inventory is correct and refresh the screen to view the
most updated booking information and inventory
information. The order request is then automatically
calculated based on the numbers of bookings, stock
inventory, and expected delivery of the next day. As
we explained in the prior section, there is order logic
to calculate the request number in these numbers, so
the logic is reflected and implemented on this page.
As a result, the needed vaccine and saline quantities

are represented automatically once the user confirms
the remaining inventory like in the yellow part of
figure 12.

Dashboard functions for CCC

The CCC is responsible for monitoring vaccine usage
and inventory in all CVCs, for finalizing vaccine requests
from CVCs, and for placing orders. Therefore, CCC
users can access all dashboard functions for each CVC. In
addition, there is an extra CCC overview page, where you
can see the total accumulated number of vaccines that
are delivered and inoculated by vaccine type as shown in
Figure 13.

Total Vaccine Delivered and Inoculation - CVCs (Accumulated)

Vaccine Delivered (Dose) Inoculation (Dose)

CORONAVAC:
Total 1,637,842
7,044,066 COMIRNATY:

5,406,224

Figure 13: Total vaccine delivered and inoculated in all CVCs.

Total CVC Request vials: | Roundup to multiples of 195: Odd Vials:
1125 17 45

oo cvc
Vaezine Vaccine
Vial 5 Total Vials
CVC006 12 60

Tai Pa Hui Sports Centre 0
V00T Sun Yat Sen Memorial Park Sports Centre a T 35
CVC009 ‘Yuen Long Sports Centre a 23 15
CVCoo Sal Wan Ho Sports Centre a 1o 50
Ve Queen Elizabeth Stadium 0 a ]
cvcoi2 Ho Man Tin Sparts Centre i} 6 30
W3 Tung Chung Community Hall a 3 15

Figure 14: CCC BioNTech vaccine order placing.
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Total Inoculation N
CORONAVAC:
Total 1,597,283
6,792,097 COMIRNATY:
5194814
1*! Dose Inoculation v

CORONAVAC: 824,816

Total
3 575 056 COMIRMNATY:
2,750,240
2" Dose Inoculation v
CORONAVAC: 772,467
Total
3 217.041 COMIRNATY:
2,444 574
Total Final Vials: | Delivery Date: 1 Vial Pool |
1170 2021-09-27 Adjustment is enabled
0Odd vial Final Final Final Final T+3 Final
allocation (in Vaccine Vaecing Vaceine Vaceine EOD Saline Operations
Vial 5) Vial 195 Vial 5 Vial 1 Total Vials Fill% (box)

1 (] 13 0 €5 % 3

1 0 7 0 35 0% 2 View

1 0 24 0 120 2% 7

1 0 1 0 55 8% 3

[ 0 0 0 0 0% 0 View

1 0 7 0 35 7% 2 View

; o . o - B - 3
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Also, the CCC user can manage the vaccine order
requests from all CVCs on the order placing page
as shown in Figure 14. After all CVC requests have
been submitted, the orders from the CCC side will be
automatically recalculated to make the final total vaccine
vials a multiple of 195. As mentioned in the previous
section, the total quantity of the vaccine vials requested
from all CVCs should be a multiple of 195 vials, so it is
rounded up to a multiple of 195 to be distributed. For
example, in the first row of Figure 14, you can see the
total requested vials from all CVCs are 1125, and the
number rounding up this is 1170. The remaining 45
vials are allocated to several CVCs as additional stock. As
shown in Figure 14, the CCC user can check the requests
of CVCs after the automatic adjustment and the order of
the CCC after the remaining vial allocation on this page.
The CCC pharmacist can further adjust the final vaccine/
saline quantity allocated to each CVC if needed. After
all the adjustments are done, the CCC pharmacist can
submit the final orders.

Vaccine Waste in our Vaccination

Program

Given the stringent storage requirements of the BioNTech
vaccine such as several tricky storage temperature
requirements or short shelf life at room temperature,
the rate of COVID-19 vaccine wastage was anticipated
much higher than other vaccines’ discard rates. Actually,
when the Hong Kong government was preparing before
launching the vaccination program, officials expected
the disposal rate of the COVID-19 vaccine to reach
about 5%. Nonetheless, the vaccine discard rate in the
vaccination program in Hong Kong has shown much
lower than expected earlier. From March 6, the beginning
of the vaccination program, to the end of November, the
total amount of dispensed vaccine is 5,920,302 doses and
the total vaccine discard is 33,611 doses, which results
in the vaccine waste rate is around 0.57%. This rate is
a considerably low percentage, almost one-tenth of the
expected rate of 5%. Achieving these results would have
required more effort in this program than in any other
immunization programs. And the rigorousness and
efficiency of the distribution supply chain and CVC
operations described in the previous section are included
in this effort.
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As can be seen in Figure 15, over the past nine
months, vaccine discard rates were less than 0.50% for
all but three months. Especially, in July and August, the
rates are only 0.20% each, which is a remarkable result.
In October and November, the discard rates show a bit
higher than the previous months, but still low figures
as of less than 1.0%. The March and April categories
in Figure 15 each have orange bars separately from
the blue bars, both of which represent close to 2.5%
vaccine discard rates. These figures include the number
of vaccines that were discarded due to a temporary
suspension of the vaccine program due to a packaging
problem with the vaccine at the end of March. On
March 24, 2021, after receiving a report that there was a
problem with the vaccine packaging, vaccines with the
same lot number were collected back for investigation.
The immunization had been suspended from that day to
early April and was resumed afterward. This happening
is not common in the vaccination program (actually
happened once) and the number of discarded vaccines
due to this problem was considerable. Therefore, to
distinguish this case, we provide the total discard rates
including the number of the discarded vaccine due to
the vaccine program suspension separately in orange
bars. The figures excluding the number of vaccines
discarded for this reason were marked with blue bars.
All other months except March and April provide only
blue bars because there were no such problems.

Then, what percentage of the total vaccine discard
volume will be due to this suspension of the vaccine
program problems? In Figure 16, the percentage
of vaccine waste for each reason is shown as a pie
graph. The amount of the voided vaccines due to the
suspension accounts for 34.3% of the total amount.
It is quite a sizable portion of the total vaccine waste.
However, the largest proportion of the discarded
vaccines was due to the expiration or unused. This
category includes the case where the vaccine has expired
on the shelf. Also included in this category are vaccines
that were prepared in advance but were discarded
because the session was ended. In addition, the reasons
for discarding the vaccine include problems with the
vaccine itself, problems with contamination during
preparation or inoculation of the vaccine, patient or

user refusal, and others.
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Voided vaccines by month

W Except voided vaccines due to suspension

B Including voided vaccines due to suspension

Figure 15: Voided vaccines by month.

Voided vaccines by reason

10.6%

Figure 16: Voided vaccines by reason.

Except for the discarding of vaccines due to exceptional
circumstances, such as when the manufacturer recalled
the vaccines for investigation which resulted in the
suspension of the vaccine program, most of the causes of
vaccine discard fall into the following three categories: (1)
Problems with the vaccine product itself, (2) negligence
of medical staff performing vaccination and vaccine
reconstitution, and (3) failure to use the vaccine due to
the expiration date being passed. Particularly, the last one

is the largest reason (42.1%) for discarding vaccines as
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M Expired or unused
M Unused due to suspension

® Faulty or doubtful quality or
vial label problems

Contaminated or damaged
during processing

W Patient or user refusal

B Others

we mentioned earlier. The rigorousness and efficiency of
the vaccination operation in CVCs including the vaccine
ordering system has helped to significantly reduce the
number of vaccines that are discarded especially due to
this reason which accounts for this substantial proportion.
Therefore, it can be said that it is an important way for
minimizing vaccine waste to properly understand the
characteristics of the COVID-19 vaccine (BioNTech) and
to have a thorough system for vaccine delivery, storage,

and operation.
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Discussion

We designed and introduced the vaccine management

system with fast and safe delivery processes and thorough
checking and recording in each step, which considered
the characteristics of the vaccine with tight expiration
dates and vulnerability. By introducing an e-Lock system
for secure delivery and labeling functions with vaccine
information for vaccine management, the entire process
has been semi-automated with the use of handheld devices
and personnel NFC cards, and an efficient and seamless
system was created. Also, it has been possible to ensure
the stability of the vaccine by thoroughly managing
the shelf life of the vaccine, and tracing back when a
problem occurs. In addition, each CVC’s daily vaccine
orders have been determined using a rolling horizon
approach, enabling vaccine inventory management using
more accurate information updated on a daily basis.
Particularly, we help all processes to be connected and
flow more seamlessly by building an information system
so that all data can be utilized through recording and
tracking. By providing online dashboards that include
relevant information to CVC and CCC managers and
related parties on the online platform.

By making the above efforts, we have solved several
difficulties in the COVID-19 vaccine supply chain. The
COVID-19 vaccine supply chain differs from the existing
vaccine supply chains in that it is a pandemic situation
and the vaccine is a newly developed. In [15], the authors
present a total of 15 challenges in the vaccine supply chain
for this new type of vaccine. These are mainly categorized
into manufacturing challenges, behavioral challenges,
last-mile delivery challenges, cold chain challenges, and
organizational challenges. Aside from the manufacturing
challenges, which are not of topic for our work, we tackled
the rest of the challenges. The following is how we have
solved the rest of the challenges:

1. The first challenge was to identify and design the
vaccine supply chain tailored to the characteristics of
the vaccine with the goal to minimize vaccine waste

and to reach as many citizens as possible.

2. Second, we solved the cold chain challenges, which
are the major difficulty of the COVID-19 vaccine
supply chain, by outsourcing the storage and
delivering part to the private sector having the cold
chain expertise.
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3. 'Third, we introduced an information system to
solve the organizational problems of the vaccine
supply chain. The information system helps the
communication between related parties easier for the
quick response, ensuring rapid vaccine distribution,
central management of the vaccine, and transparency

of vaccine programs.

4. Also, by applying the appropriate technology to the
supply chain, the system’s efficiency and stability,
and furthermore, citizens’ anxiety aboutvaccination
has been solved. The automatic system due to the
technology gives citizens trust in the government’s
vaccine program by ensuring the stability of vaccine

management and CVC'’s operation.

5. Lastly, we enable the sustainability of the vaccine
supply chain. By enabling the application of
changing vaccine information and vaccine programs
to the aforementioned technologies and information
systems, it is possible to respond flexibly to the

changes.

As a result of these efforts, we recorded the low vaccine
wastage rate (0.57%) shown in the previous section and
played a role in leading the vaccination rate of over 70%
in Hong Kong. Amid this COVID-19 pandemic, these
swift responses and efforts have paid off, but there are
clearly areas that need to go further in addition to vaccine
distribution. First, stronger training for healthcare
workers working in vaccination centers is needed. As
shown in Figure 16, there are many cases where vaccine
waste is generated due to errors or mistakes in the process
of vaccination execution and vaccine reconstitution. In
addition, the success of the vaccination program requires
not only the efforts in logistics and operation, but also
the efforts of both the government and citizens. It is
necessary to encourage vaccination based on a logical
report on vaccination. In order to boost the current slow
vaccination rate, cooperation and efforts in all aspects as

well as operational aspects are important.

Conclusion

This paper explains the vaccine ordering and distribution

system and its corresponding information system with
the online platform applied to Hong Kong’s vaccination
program against the COVID-19 pandemic. Since the
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cost of the vaccine itself accounts for a significant portion
of the cost of immunization programs, it is important
to minimize vaccine waste to avoid jeopardizing
vaccination. In order to do this, we developed and
introduced several devices to make the distribution
channel flow seamlessly and designed the supply chain
drawn from the understanding of the characteristics of
the vaccine. In addition, since citizens’ anxiety about the
new type of mRNA vaccine for COVID-19 has been able
to become an obstacle to the vaccination program, to
make the citizens rest assured for getting the vaccine, we
have secured the stability of the overall process: the CVC
operation, the storage, management, and distribution of

the vaccine.

To the best of our knowledge, this is the first work
to describe the system of the vaccination program in
Hong Kong that is being implemented and to show the
COVID-19 vaccine waste rate from the real-world data.
The system presented here shows the efficient and well-
organized distribution processes and CVC operations,
and the corresponding results, which are represented by
the figures about the amount of vaccine discarded, support
this. Depending on how the vaccine distribution and
inventory management and vaccination are operated, the
vaccine discard rate can be significantly lowered or higher.
Therefore, the system we provide will be of great help to
countries that have not yet performed mass vaccination or
countries that do but do not properly manage them. Or
it will help prepare new vaccination programs for another
new type of pandemic before it comes. We hope that the
description of our system will increase the understanding

of effective vaccine management.
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