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Introduction

With regard to ease-of-use in a vaccination contexts, the World
Health Organisation (WHO) calls attention to the fact that “In
some situations the time required to prepare a vaccine is critical,
such as during campaigns with long lines of waiting clients or
during outreach activities. For these situations a vaccine product
that is easier to use and takes less time to prepare can be extreme-
ly valuable and can help to increase coverage” and also that “...
Immunisation programmes may also decide to select products
that are similar to those already in use to minimise the burden on
health care workers”.!

Efficiency and management of vaccination is particular-
ly relevant in low-resources settings. For example, regarding
meningococcal vaccination, a vaccination point of dispens-
ing (POD) could be called on to reach a coverage target in a
short span of time (e.g two-three weeks).? This target could be
reached, for instance, in a organisational setting in which only a
single specific vaccine (such as during an epidemic vaccination
campaign) is offered. Another example would be Italian nation-
al immunisation plans which could mandatorily require vaccine
coverage for meningococcal vaccination >95% within 20193
without allocating more resources and possibly even reducing
current resources.

Given that the ease-of-use of a vaccine could be crucial for
its impact on the immunisation programme and resources-sav-
ing,' the problem of quantifying its benefits for a vaccination
POD in different scenarios, i.e. target population and specific or-
ganisational setting.

Since this problem requires a specific in-depth analysis, it is
clear that solving such a thorny topic with the simple tools cur-
rently available, or with a common sense approach, would be
very difficult. We have therefore resorted to a “simulation opti-
misation approach”.*’

The case study
We focused the study on two kinds of vaccination PODs, dis-
pensing only meningococcal vaccination.

The first, i.e., the ideal vaccination POD, is organised accord-
ing to recommendations of the WHO?*® with one “vaccination
team” (i.e., one supervisor, two nurses, three-four record clerks,
two-three local community representatives, one technician re-
sponsible for the cold chain, and one driver) supported by fun-
damental logistics, and having a daily goal of 1000 vaccinations
(about 300 per working shift).

The second, i.e., the real world vaccination POD, is a limited
version of the ideal POD (but closer to a common setting of a
vaccination center) in terms of available operators: one super-
visor and one security officer are allocated, while nurses (two
or three, the exact number to be investigated in the following
simulation experiments) have to perform all activities reserved to
record clerks, community representatives and technicians which
are not available as in the ideal vaccination POD. Such a real
world POD organisational model is based upon observations in a
real world vaccination setting.

In particular, we measured the efficiency impact of the ease-
of-use of specific meningococcal vaccines,' namely Nimenrix®°
and Menveo®,'° which are available on the market and which
can be both used in vaccination PODs in Italy. This because such
vaccines are quite different in terms of reconstitution phase as
stated in their technical fact sheet (see Figure 1).

This study aims to specifically answer the following ques-
tions:
® Given the use of Nimenrix® or Menveo® vaccine, is the vac-

cination POD under study able to provide up to 300 doses per

shift (i.e., to reach the WHO goal)?

In Italy, the focus on meningococcal vaccination is also mo-
tivated by the recent epidemics in Tuscany'® and the recently
approved national immunisation plan of the Ministry of Health
“Piano Nazionale Prevenzione Vaccinale”'* which mandatorily
extends coverage of meningococcal vaccination to 12-18 year
old cohort. Increasing vaccine coverage to above 95% in 2019 is
also an important goal for public health professionals and regula-
tory agencies in Italy.’

More in general, according to WHO “Meningitis remains a
universal public health challenge in countries around the world
- cases and outbreaks are highly dreaded. The global number
of deaths due to meningitis was estimated at 380,000 annually.
Meningitis is an epidemic-prone disease, and as such deserves
special attention given the potentially major impact on health
systems, the economy and society as a whole due to the disrup-
tive nature of meningitis outbreaks which are costly and chal-
lenging to control”.'?

Materials and Methods
The study adopts a quantitative research methodology supported
by a simulation approach.

We identified three main steps for solving the simulation
problem.
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NIMENRIX MENVEO

Reconstitution of the vaccine

Nimenrix must be reconstituted by adding the entire content of the pre-illed syringe of solvent to the Menveo must be prepared for admimistration by reconstituting the powder with the solution.
vial containing the powder
To attach the needle to the syringe. refer to the below picture. However. the syringe provided with 1 ents in the two different via

Nimenrix might he slightly different (without screw thread) than the syringe described in the picture vaccination providing 1 dose of §§ 5 ml
In that case, the needle should be attached without serewing

Using a syringe and suitable neadle (216, 40 num lomgth o 21 G, 1 %4 moh length), withdraw the entine

1. Holdng ihe synnge barrel in one hand Fa) y contents of the vial of solution and inject into the vial of powder 1o reconstitute the MenA conjugate
(avoid holding the syringe plunger), I . component.
unscrew the syringe cap by twisting it anticlockwise / | )
a .. a Invert and shake the vial vigorously and then withdraw 0.5 mi of d product. Please note
Byrings phnger . that it 15 normal for a small amount of liquid to remain in the vial following withdrawal of the dose.
Nyrigr el Prior to injection, change the needle with onc suitable for the administration. Ensure that no air
brublles ae present i the syrmge before agecting the vacone.
Svringe cap
( Following reconstitution, the vaccine is a clear, colourless 1o light yellow solution, fiee from visible
2. To atinch the needio to the syrings, gelgnﬁuiifah th:‘j e::m of any foreign particulate matter and ‘or variation of physical aspect
twist the needle clockwise into the syringe ing abserved, discard the vaccine.
until you feel it lock (See picture) = Menveo is given as an i lar injocts ferably into the delioid muscle
7 ) ¥ 7
3. Remove the needle protector, which on - Any unused product or waste material should be disposed of in accord: with local requirements.
occasion can be a little stiff. ¥
o ] Weadle prosecioe
/

4. Add the solvent to the powder. After the addition of the solvent to the powder, the mixture should
e well shaken until the powder is completely dissolved in the solvent.

The reconstituted vaceine is a clear colourless solution.

The reconstituted vaccine should be inspected visually for any foreign particulate matter and/or
vanation of physical aspect prior 1o admimstration In the event of either being observed, discard the
vaCCine,

After reconstimution, the vaccine should be used promptly.

A new needle should be used to admmuster the vaccine.

Any unused medicinal product or waste material should be disposed of in accordance with local
requirements.

Figure 1. Nimenrix® vs Menveo® reconstitution. Details are extracted from the leaflets published by the European Medicine Agency
website. 12

e Step 1 (feasibility of the simulation) consists of an agile it- © Step 3 (application) of the simulation.
erative prototyping of the conceptual model and simulator of The modelling process requires the collaboration between
the vaccination POD. Proofs of concept (POC) of the simula-  subject matter experts (e.g., medical doctors) and modeling ex-
tor are implemented by using specialised simulation software perts (e.g., mathematical engineers) in order to accurately answer
in order to define, as fast as possible, the required time and the specific questions under investigation by estimating relevant

costs for performing as fast as possible; key performance indicators (KPI) of the vaccination POD (Fig-
* Step 2 (implementation) and ure 2 and Figure 3).
B0 %
static simulation
simples modeds ane dalefmined vin relevant data
withaut cansicening tme tcicas
modeling accuracy
oxpenddung of resuity
dynamic simulatian

ACCurabe Tepeesantation of th overall situation nchicng lim
tactcrs in order b0 cbilain accurale simulation results

emulatien
Dilewing Tof this analysis  wnder achal application condmons
= Al efechs on averall System are 1aken inta actound

100 %

\J Y
Figure 2. Accuracy of results (adaptation from).'®
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LR Data |~~~ ”
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Answer 2 Simulation-based Model

Scenario Analysis

Figure 3. Modeling process (adaptation from)."

Conceptual model of the vaccination POD
A top-down method is used to construct the conceptual model of
the vaccination POD. Areas and zones of the vaccination POD
are identified from WHO guidelines (Figure 4).%8

Next, parameters characterising each area and zone both in
terms of activities, materials and resources, including relevant
parameters assessing the goal under study, are proposed, dis-
cussed, chosen and are quantified by the modelers. These deci-
sions are not only based on the simple choices of the modelers
but also on various documents (including mandatory parameters
such as “daily session duration”) and direct observations.

Some initial assumptions were necessary to better define the
model’s needs (see “Notes” in Figure 5).

Simulation model of the vaccination POD
The discrete-event simulation (DES) of the vaccination POD, i.e.,
the simulator (see Figure 6), is implemented in Simio version 10
(build 168.16501), an integrated development environment for
realising general-purpose simulations.'®

Verification of the simulator (i.e., the process of confirming
that the simulation is correctly implemented with respect to the
conceptual model) and validation of the simulator (i.e., check-
ing the accuracy of the computational model’s representation of
the real system) were performed by comparing their results with

the WHO indications, field observation (Figure 7), and results
obtained by another independent implementation in R (https://
WWW.r-project.org/).

The figure 7 shows the results obtained from several observa-
tions in a real vaccination setting. These data (not published), de-
rived from a recent degree thesis (which the authors co-tutored),"
have provided the crucial measure (in terms of KPI) we used to
compare data we adopted in simulation model (particularly “in a
real world setting”).

Simulation Experiments
Given a target population to cover, such a simulator is used to
perform several scenario analyses (i.e. experiments for testing
different settings and targets), including simulation optimisation
of the vaccination session (particularly its duration) and response
sensitivity analysis based on linear regression to relate experi-
ment responses (i.e. time to target) to specific input parameters
of interest (i.e. vaccine administration time and vaccine reconsti-
tution time).
Fixed parameters (which are the same for all vaccination
POD scenarios under investigation in the following) are:
e shift duration (380 minutes);
e session duration (340 minutes, vaccinations starting 10 min-
utes after the beginning of the shift);

Vaccination POD

—J Registration | | V@
o form filing s

Vaccination

Check out

Exe

Figure 4. Conceptual model of the vaccination POD.
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Parameters
Unit of
Area Zone Name Type Values measure Range
number of vaccination sessions Input positive integers 1:15
session duration Input positive reals minutes 330;340;350
target population (ie, users) to be vaccinated Input positive integers 280:300;280x15;300%15
user's waiting time Qutput positive reals minutes -
user's ime in system Qutput positive reals
number of doses administered Qutput positive integers -
vaccination coverage Qutput [0,100] % -
number of doses used Quiput positive integers -
percentage of vaccine ulilization Output [0,100] % -
number of health staff - supervisor Input positive integers 1
number of health staff - nurses Input positive integers 1-4
number of security officers 1
number of voluenteers Input positive integers 0-4
health staff ulilization Output [0,100] % -
time between arrivals Input positive reals minutes (note 1)
Eritiance entrance capacity Input positive integers 1 (note 2)
user's health status Input/Cutput {0=bad, 1=good} 1 (note 3)
entrance lenght of time Input/Output positive reals minutes not relevant
Entry & Registration work-in-progress (WIP) al the wailing zone Oulput pasitive integers - (note 4)
Area Waiting waiting capacity Input positive integers 300 (note 5)
waiting lenght of time Qutput positive reals minutes -
WIP at the registration zone Output positive integers - (note 4)
Registration |registration capacity Input positive integers 1-4 (note Bbis)
registration lenght of time Oulput pasilive reals minules -
WIP at the sorting zone Input/Output positive integers 0 (note 4)
Sorting sorling capacity Input positive integers 300 (note 5)
sorting lenght of time Output positive reals minutes -
WIP at the vaccination Zone Qutput positive integers - (note 4)
vaccination capacity Input. positive integers 1-4
Chinicnl Arax mix of vaceine products. per session Input [0,100] % N'"‘?E;;“&m“;‘;“‘m
Vaccination —
vaccine reconstitution lenght of time InputOutput | positive reals minutes |\ eﬁ::;'}"?gff;;& 2:::’9 7
number of reconstitution errors Output 0 or positive integers 0
vaccination administration lenght of time Input/Qutput positive reals minutes 0,5 +/-0,166 (note 8)
WIP at the check-out zone Qutput positive integers - (note 4)
Check out check-out capacity Input pasitive integers 300 (note 5)
First-aid & Discharge - mm -
Arca check-out lenght of time Qutput positive reals minutes -
Exit number of users Qutput positive integers -
number of vaccinated users = number of administered doses | Output 0 or positive Integers -
note 1: we assume no delay between patient arrival (all target patient are ready to enter into vaccination POD)
note 2: we assume that patient entered into vaccination POD one by one
note 3: we assume that all patient are in good halth status
NOTES note 4: the output value Is a control variable: If it's value s different from 0 it means that some people are not scheduled for next vaceination session
note 5: we assume that non-clinical activities are optimized at the highest level of efficiency
note & in our experiments we assumed the single utilization of one type of vaccine per session
note 7: range and statistic distribution come out from 2 videos observation
note 8: this value and its distribution came out from interviews with medical doctor and direct cbservation in in a real vaccination setting

Figure 5. Relevant indicators defined by the modelers and their ranges.

Figure 6. Simulator of
the vaccination POD (at the
beginning of simulation).
Patients are represented

by green triangles.

Spatial dimension are

not considered assuming
rapid movements of
people (both patients and
operators).
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Distribution Summary

Distribution: Lognormal
Expression: 1.5 + LOGN(7.85, 4.85)
Square Error: 0.004920
Chi Sqguare Test
Number of intervals = 12
Degrees of freedom = g
Test Statistic = 12.4
Corresponding p—value = 0.206

Data Summary

Number of Data Points = 240

Min Data Value =

Max Data Value = 23

Sample Mean = 9.26

Sample Std Dev = d.25

Histogram Summary

Histogram Range = 1.5 to 23.5
Number of Intervals = 22

Figure 7. Overall registration and vaccination length of time (in minutes) observed during a study'® in a vaccination POD of the National
Health Service in Rome (one-week, February, 2018) during ordinary vaccination sessions (i.e., in a non-epidemic condition).

¢ administration length of time (described by a uniform distri-
bution in the range of 20 and 40 seconds), and

e reconstitution length of time (described by a triangular distri-
bution in the range of 50 and 70 seconds with a 60 median, and
a triangular distribution in the range of 69 and 97 seconds with
an 83 median, for Nimenrix® and Menveo®, respectively).
“Control variables” (controls), i.e., parameters which change

over different scenarios hereafter shown, are:

¢ the target population per session (300 or 280 people);

e the registration area capacity (three or four for the ideal vac-
cination POD, and two or three, i.e., equal to the clinical area
capacity, for the real world vaccination POD);

¢ the clinical area capacity (two or three) and

¢ the adopted meningococcal vaccine (Nimenrix® or Menveo®).
The simulated vaccination team, which differs from ideal and

real world PODs, is composed of:

® One supervisor;

® one security officer;

* community representatives in a number equal to the registra-
tion area capacity or zero for the ideal and real world vacci-
nation PODs, respectively;

¢ record clerks in a number equal to the registration area ca-
pacity or zero for the ideal and real world vaccination POD,

* nurses in a number equal to the clinical area capacity;
e technicians in a number equal to one or zero for the ideal and
real world vaccination PODs, respectively.

Results

By using two instances of the simulator, the ideal vaccination

POD and the real vaccination POD defined in the introduction of

the case-study have been tested together (Figure 8).

The simulator of the ideal vaccination POD provides the fol-
lowing responses:
® O (output patients) is the number of vaccinated people;

e T2T (time to target) measures the time between the beginning
of the vaccination session to when all the target population is
covered (0 otherwise);

* FT (free time percentage) measures the ratio between the
time remaining at the end of session after the T2T, and the
session duration.

In the simulation of the real vaccination POD, the responses
O_real, T2T_real and FT_real have the same meaning as O, T2T
and FT for the ideal vaccination POD, respectively.

Having fixed exactly the same relevant parameters for both
vaccination POD (as described in more in detail in the previous
section, e.g., the shift duration to 380 minutes) and by varying

respectively; the target population per session as control variables, the number
Ideal POD Real POD
Walting and aticn Aress CII ic ol Arva Check Out Ares o ‘Waiting and Registration Aress Clinbcal Check Out Area
B e = [ e [ e [ [ e
§  EEme [ e § B e [ S
e i ddddaE | [addeaal | e vy rrrrnrrere, R 5 ] eeree [
E.':gti:: ::EEEEE :; FFE;E""'&“ 1 E"‘E €
t PREEEEE = EEEEEEESESEELEEEEREREEEY —
I T B== | i % S - B
NEABENE AL LR = e n ARRR B | s
| = = =

Figure 8. Ideal vaccination POD (left) and real vaccination POD (right) under investigation at the same time (i.e., per single scenario).
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| Scanario Replications | Session - Controls
[ = IName Requied |: plated | targeteopul Session | Regis eaCapacity
¥ Nimenrix-Scenanio02-300 100 100 of 100 300
¥ | Menveo-Scenario02-300 100 100 of 100 300
¥ Nimenrix-Scenario02-280 100 100 of 100 280
¥ Menveo-ScenarioD2-280 100 100 of 100 280
¥ | Nimenrix-Scenario03-300 100 100 of 100 300
¥ Menveo-Scenario03-300 100 100 of 100 300

Registration Area - Controls Im:a.l.\rea - Controls | Responses

|Gicalareacapacty |0 ETI‘I’MulH} 3 [oreal |27 real pnutes) | FT_real
3 2. 30 283,504 o 0
E L om 210,587 .38 17547
4 3} 300 151,166 ‘200,551 4L0144
4 3 30 189,708 238.887 29.7392

Figure 9. Definitive scenario analysis of the Ideal (first three responses columns) and Real (last three responses columns) vaccination POD.

of vaccinators (i.e. the clinical area capacity) and the presence
or absence of supporting personnel (i.e. the registration capac-
ity which characterises the ideal and real world setting, respec-
tively), there are six analysed vaccination scenarios (Figure 9).
Furthermore, due to the randomicity of the parameters vaccine
reconstitution and administration length of times, 100 simulation
replications per simulation scenario were executed.

The first two scenarios show that with a clinical area capacity
of two units, a target population per session of 300 people, as
stated by WHO, cannot be served by using the Menveo® vaccine
in real world vaccination POD. Thus, the comparison of two vac-
cines can only be performed by decreasing the target to 280 peo-
ple. Having established this target, for the real world vaccination
POD the average free time percentage (FT_real) is about 17.54%
and 1.73% for Nimenrix® and Menveo® respectively (see Fig-
ure 9 at column FT_real, scenarios Nimenrix-Scenario02-280 vs
Menveo-Scenario02-280). More specifically, the next two fig-
ures (Figure 10 and Figure 11) show SMORE (Simio Measure
of Risk & Error) plots including FT_real minimum, maximum,
mean, median (with upper and lower percentile) and confidence
intervals.

Such free time percentages (shown in Figure 10) correspond
to an average time to target (T2T_real) of 280.3 and 334.1 min-
utes when the vaccine is Nimenrix® and Menveo®, respectively
(Figure 11). Thus, the time saving can be simply evaluated by
difference with the session duration (340 minutes).

By continuing the focus on the scenarios characterised by a
target population of 280 people, the sensitivity analysis shows
that the relevance of reconstitution phase for having free time,
i.e., the impact of the ease-of-use of the vaccine, is 55.72% and

47.76% when the adopted vaccine is Nimenrix® and Menveo®,
respectively. The number of vaccinated users (O_real = 280
people in both cases) is less influenced by the reconstitution of
Nimenrix® (6.71%) and more sensitive to the reconstitution of
Menveo® (36.98%), while the other impact on the covering of
the target population derives from the time spent by the vaccina-
tors in the administration of the vaccine (Figure 12).

Results obtained by independent implementation in R (https://
www.r-project.org/) showed a good reproducibility of our simu-
lation model, particularly in T2T results (Figure 13).

In sum, according to the above results, it is possible, with
some recommendations, to answer positively to the initial ques-
tions of the case study:

e vaccination POD should allocate operators as in the ideal

setting (according to WHO), or

¢ real world vaccination POD with fewer operators than in

the ideal situation should use the most ease-of-use vac-
cine, i.e., Nimenrix®, which has lowest reconstitution
time.

Discussion

In this study, as we are interested in measuring the impact of the
ease-of-use of two different meningococcal vaccines available
on the market in Italy, namely Nimenrix® and Menveo®. We
compare simulated performance of ideal POD (with a complete
vaccination team according to WHO) and real world POD (with
a reduced vaccination team) providing only one type of vaccina-
tion to predefined target patients (assumed to be present at the
beginning of the vaccination and in good health). By adopting a
vaccination session, easy under an organisational point of view,

1686 — 27 - Max "
185 —| 2.6 —
16.4 — 23
183 = Lt
2.3 —
182 —
2.2 - -
181 — ] Upper Percentile J- Upper Percentile Confidence Interval
15—
2 Median
17.9 | 2 M = ] _J» Mean Confidence Interval
7.8 —| LE
B 12T T 17 | Lower Percentile ———» } Lower Percentile Confidence Interval
£ )
E e o L 16
-]
175 — S
17.4 B
173 | e
72 ki Min
1Ll —
17.1 —
E - Legend
17— 0.9 -
169 — 0.8 —
16.8 —| 0.7 -
16.7 0.é

| T
Neneneix-ScenanoQa-200 Menveo-ScenaroQz-290

Figure 10. Free time (%) in the real world vaccination POD when the target population is 280 people, the vaccinators are two, and the

vaccine used is Nimenrix® and Menveo® respectively.
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Figure 11. Time to target (minutes) in the real world vaccination POD when the target population is 280 people, the vaccinators are
two, and the vaccine used is Nimenrix® and Menveo® respectively.

Scenario “Nimenrix-02-280"
FT_real

Tadministration: 44.28%

[Treconstitution: 55.72%

FT
Tadministration: 51.57%|

Treconstitution: 48.43%

Scenario "Menveo-02-280"
FT_real

U ————
Tadministration: 52.29%|

Treconstitution: 47.76%

Tadministration: 47.09%|

®

Treconstitution: 52.96%

[Treconstitution: 55.72%

T2T_real

Tadministration: 44.26%

T2T

[Tadministration: 51.57%

[Treconstitution: 48.43%]

T2T _real

Tadministration: 52.24%|

Treconstitution: 47.76%i

nT
Tadministration: 47.04% |

[Treconstitution: 52.96%)

B Tedministration |
M, Treconstitution |

Tadministration:
§93.26%

Treconstitution: £.71%]

Tadministration:
93.29%

Treconstitution: 5.71%

| B Tadministration
| I Treconstitution

O_real

| Tadministration: 63.08%

ijumnsm ution: BE.QBE

Tadministration: §3.02%

[Treconstitution: 36.98%

Figure 12. Sensitivity analysis. Weights (%) of the vaccine administration time (i.e., Tadministration) and the vaccine reconstitution
time (i.e., Treconstitution) on the defined responses (FT, T2T, O for the ideal vaccination POD, and FT_real, T2T_real, O_real for the real
vaccination POD) when the target population is 280 people, the number of vaccinators two, and the adopted vaccine is Nimenrix® (up)

and Menveo® (down), respectively.
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POD Simulations in R { 100 replications)
POD Scenario | ] | T2T (minutes)

Nimerix-scenario02-300 300 226
Ideal POD

Menveo-scenario02-300 300 283

Nimerix-scenario02-300 300 300
Real POD

Menveo-scenario02-300 284 340

Nimerix-scenario02-284 284 214
Ideal POD

Menveo-scenario02-284 284 268

Nimerix-scenario02-284 284 285
Real POD

Menveo-scenario02-284 284 340

Nimerix-scenario03-300 300 151
Ideal POD

Menveo-scenario03-300 300 189

Nimerix-scenario03-300 300 201
Real POD

Menveo-scenaric03-300 300 239

Figure 13. Results given by the R simulator of the vaccination POD.

non-clinical activities of the POD can also be optimised at the
highest level of efficiency. This could be considered as a limit of
the study. However, if this first impression is exceeded, such an
organisational model gives to the vaccination POD the ability to
operate efficiently, both in emergency situations as well as under
normal conditions, also with relevant time and cost savings by
leveraging the ease-of-use of the adopted vaccine. The quality
of the service can also be improved more easily by engaging pa-
tients and health workers in the study of relevant aspects of the
single specific vaccination.?*?! Due to lack of usable evidence
from literature or observable vaccination POD which operate

“under the same condition” hypothesised, the results of the study
do not take vaccine reconstitution errors or possible vaccination
side effects into consideration.?

In particular, we evaluated the effects of the advantage given
by the reduction of the reconstitution time provided by Nimen-
rix® during a mono vaccination session in a real world vaccina-
tion POD. Having a target of 280 people per session (340 min-
utes), the ability of the clinical area (i.e., vaccinators) to achieve
it is less sensible to the reconstitution of Nimenrix® (6.71%)
and more sensible to the reconstitution of Menveo® (36.98%),
while for the rest it depends on the time spent in the administra-
tion of the vaccine. The resulting average free time percentage is
about 17.5% (60 minutes) and 1.7% (6 minutes) for Nimenrix®
and Menveo®, respectively. The above percentages are critical
to understanding and suggest how to reach the right number of
vaccinated patient in a short span of time. The differences that
emerged from the sensitivity analysis could be taken into consid-
eration and better investigated in order to offer a more efficient
service.

Such a result can be easily applied to obtaining further in-
sights and evaluations (see Figure 14 for some examples of pos-
sible economic implications in a real scenario). For example,
application to the meningitis epidemics in Tuscany could reveal
an overall cost saving of about 24.7 million Euros (including
vaccine cost) by using the Nimenrix® vaccine to implement a
hypothetical vaccination campaign according to the WHO rec-
ommendations.

Although a vaccination POD which provides only one type of
vaccination is not frequently to observe in reality, we underline
that such a POD can offer valid organisation to be taken into
consideration when there is a specific request to reach a vaccina-
tion goal, especially in a low setting resources and in a few days/
weeks of vaccine sessions (i.e., not only during outbreaks).

WHO Example - Real settings Tuscany Example (>17 y.o.) - Real settings

Scenario "Nimenrix-02-280" | Scenario "Menveo-02-280" Scenario "Nimenrix-02-280" Scenario "Menveo-02-280"
estimated population 50.000 50.000 3.173.234 3.173.234
target population (%) 70% 70% 70% 70%
target population 35,000 35.000 2.221.264 2.221.264
goal coverage (%) 100,00% 100, 00% 100,00% 100,00%
Eml coverage 35.000 35.000 2.221.264 2.221.264
number of doses per person 1 1 1 1
number of doses to administer 35.000 35.000 2,221,264 2.221.264
number of doses needed, assuming wastage (~17%) 40,950 40.950 2.598.879 2.598.879
number of doses needed assuming need for a reserve (~25% 51.587 51.597 3.274.587 3.274 587
cost of vaccine per dose (euros/dose) 92,00 99,34 92,00 99,34
cost of vaccines (euros) 4.746.924,00 5.125.645,98 301.262.012,64 325.207.481,91
campain duration (in days) 15 15 15 15
target population per session 280 280 280 280
number of PODs needed 8,33 8,33 528,87 528,87
time to start the vaccination session (minutes) 10,00 10,00 10,00 10,00
|lime to target population per session (minutes ) 284,24 334,10 284,24 334,10
time after the end of the session, before shift end (minutes) 30,00 30,00 30,00 30,00
number of supendsors 1 1 1 1
cost of supendsor per hour (euros/hour) 48,00 48,00 48,00 48,00
cost of supervisors (euros) 3.800,92 4.489,21 3.800,92 4.489,21
number of security officers 1 1 1 1
cost of security officer per hour (euros/hour) 13,71 13,71 13,71 13,71
cost of security officers (euros) 1.111,34 1.282,23 1.111,34 1.282,23
nurses 2 2 2 2
cost of nurse per hour (euros/hour) 26,47 26,47 26,47 26,47
cost of nurses (euros) 4.291,36 4,951,23 4.291,36 4.951,23
total costs of human resources per POD (euros/POD) 9,293 61 10.722.67 4,203 61 10.722,67
number of PODs % 9 529 529
total costs of human resources (euros) 83.642,53 96.504.03 4.916.322,33 5.672.292,38
total costs (euros) 4.830.566,53 §.222.150,01 306.178.334,97 330.969.774,30

Figure 14. Examples of economic implications. In case of meningitis epidemic and according to recommendations by the WHO,
operators of each involved vaccination POD can be temporary hired to cover the target population within two weeks from the start of
the vaccination campaign. The free time (if any) could be used to close the POD itself in advance for having a cost saving (assuming

operator unitary costs per hour).
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Our simulation results are confirmed by independent imple-
mentation of the simulator.

Future research could consider the simulation of specific vac-
cination centers in Italy and eventually in other countries as well,
also considering different kind of vaccines, and the prototyping
of simulation-based decision-support software for vaccination
POD decision-makers.

Acronyms

DES = discrete-event simulation
FT = free time percentage

KPI = key performance indicators

O= output patients

POC = Proofs of concept

POD = point of dispensing

T2T = time to target

Tadministration = vaccine administration time
Treconstitution = vaccine reconstitution time
WHO= World Health Organisation
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