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Introduction

natural causes (e.g. influenza outbreak) deliberate terrorist actions (bioterrorism)
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natural disasters                           man-made disasters



Introduction
Containment of an outbreak:

 Non-pharmaceutical interventions

 Pharmaceutical interventions

 Harmonized approaches.
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The containment effort consists of four phases:
Preparedness - Outbreak investigation – Response - Evaluation



Example: COVID-19 – The world
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Example: COVID-19 – Greece
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Epidemics control and logistics operations:
Preparedness

 Maintaining a certain level of
available resources so as to
reduce morbidity and mortality
when an outbreak occurs

 Pharmaceuticals and supplies in
large quantities in order to assist
a prompt response, if necessary

 Procurement of vaccines and
medical supplies and their exact
storing location play a crucial
role.

Epidemics Logistics
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 Detection of any suspected
outbreak and its confirmation
through laboratory testing.

 Surveillance systems must be
placed to provide the essential
information regarding any
unexplained infection increases
seen over a period of time.

 Determine the type and magnitude
of the containment effort once
epidemic thresholds have been
reached.

Epidemics control and logistics operations:
Outbreak investigation

Epidemics Logistics
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 Once an epidemic outbreak is confirmed, measures and control strategies
must be implemented as soon as possible at a regional and/or national level.

 Treatment centers should be established and available resources such as
medical supplies and personnel should be deployed rapidly in order to contain
the epidemic.

Epidemics control and logistics operations:
Response

Epidemics Logistics
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 The evaluation phase is very useful
as it provides strong insights
towards a series of modifications
that need to be made in order to
increase the resilience of the
control mechanisms in future
epidemic outbreaks.

 Despite the fact that the evaluation
phase entails limited physical
movement of medical supplies and
complementary commodities, it
remains important from a logistical
point of view.

Epidemics control and logistics operations:
Evaluation

Epidemics Logistics



10

 Establish an emergency supply
chain

 Manufacturers should produce
vaccines, antiretroviral drugs
and complementary medical
supplies

 Governments and public health
institutions should purchase
and stockpile well in advance

 Transportation and distribution
of these supplies from central
warehouses to regional store
sites and then to local Points of
Dispensing (PODs).

Epidemics control and logistics operations:
Actions

Epidemics Logistics
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 Affected people proceeding to
treatment centers - patient flow
operations - dispensing activities of
the medical supplies

 Reverse logistics activities (dangerous
wastes must be treated carefully or
disposed)

 Coordination among manufacturers,
governments, primary health care
institutes, possibly military agencies,
NGOs, etc.

 Managing the information regarding
the demand for medical supplies as
well as the flow of funds.

Epidemics control and logistics operations:
Managerial issues

Epidemics Logistics
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Epidemics control and logistics operations:
Materials Flow (Dasaklis et al., 2012)

Materials flow of the epidemics control supply chain (End-to-End approach).

Epidemics Logistics
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Classification based on a three-level assessment framework:

 First level: the various logistical features incorporated in each
reference are classified according to the time framework in which
they take place (pre-event or post-event)

 Second level: a context-specific classification is made where the
logistics features are correlated to the nature of the outbreak

 Third level: the logistical features and the methodologies applied
(qualitative or quantitative) for solving the problem tackled are
classified.

Literature review

Epidemics Logistics
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Literature review

A framework for epidemics logistics literature classification.

Epidemics Logistics
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How and to what extent the availability of certain quantities of essential
medical supplies (vaccines) could affect the progression of a disease
outbreak?

Need to define:

 the amount of commodities to be utilized during the control effort

 the selection of modes of transportation/distribution and relevant
capacities

 the inventory level of medical supplies and commodities held in each
node (facility) of the network

 the capacity of stockpile centers (National, Regional and Local)

Literature review: Essential question

Epidemics Logistics
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Epidemics control logistics network configuration.  

Literature review: Epidemics control network

Epidemics Logistics



OR/MS contribution to resources’ allocation
and scheduling for epidemics control

Problems:
Limited resources’ allocation among
subpopulations
Scheduling resources for epidemics
control
Etc.

Commonly used objectives:
Maximize the number of Quality
Adjusted Life Years gained
Maximize the number of infections
averted (equivalently minimize the
cumulative number of new
infections).
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Techniques:
• Linear and integer

programming models
• Numerical analysis

procedures
• Cost-effectiveness analysis
• Simulation
• Non-linear optimization
• Control theory techniques
• Heuristic algorithms.



Problems addressed

1. A deterministic resource scheduling model in
epidemic control: The case of a single resource.

2. Controlling infectious disease outbreaks: A
deterministic allocation-scheduling model with
multiple discrete resources.

3. Emergency supply chain management for controlling
a smallpox outbreak: The case for regional mass
vaccination.

Epidemics Logistics 18



Single resource problem (Rachaniotis et al., 2012)

A specific region with several infected distinct subpopulations or
individuals (e.g. old aged citizens) is assigned to a single available mobile
medical team.

Let n be the number of subpopulations infected simultaneously. Under an
arbitrary epidemic’s control sequence (permutation) of all n! potential
control sequences of the subpopulations’ set S={S1 ,S2,…,Sn}, denote the
first subpopulation to be treated as S[1], the second as S[2], etc.

Find <Soptimal>=<S[1],S[2],…, S[n]> such that the total number of infections
be minimized (or, equivalently, the total number of infections averted be
maximized).

Epidemics Logistics 19
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Problem’s complexity

Epidemics Logistics

• Different subgroups may have different risk of infection
and/or complications following it

• Epidemics of infectious diseases are nonlinear and
dynamic

• The time horizon impacts the scheduling decision, since
short-term considerations may not yield the same
results as long-term ones.



Assumptions

 No interactions occur between control actions and actions
affecting a rate in one subpopulation do not affect the
respective rate in another subpopulation.

 The replacement rate is the same for infected, susceptible
and removed individuals and is assumed to be constant.

 Each subpopulation’s size and control actions’ rates are
constant.

 All infected individuals are assumed to be infectious and
are equally likely to mix with all uninfected individuals
(homogeneous mixing).

 The resources’ traveling times are assumed to be negligible.

Epidemics Logistics 21



Notation
Let: xi(t): be the number of susceptible individuals in Si at time t. 

yi(t): be the number of infected individuals in Si at time t. 

zi(t): be the number of removed individuals in Si at time t. 

λi(t): be the rate of contacts sufficient to cause disease transmission at time t in Si (sufficient 

contact rate). 

μi(t): be the percentage rate at which susceptibles are immunized per unit time at time t in Si.  

κi(t): be the percentage rate of removal (or “therapy”, e.g. quarantine) from the infected group 

in Si at time t. 

δi: be the percentage rate of entry into (and exit from) a group in Si (replacement rate). 

t0: be the time required for the single mobile medical team to commence controlling the epidemic 

in the first subpopulation.  

Hi(t): be the cumulative number of infections in Si at time t. 

Pi(t): be the processing time, i.e. the time needed to implement the actions to control the 

epidemic, at time t in Si.  

Ci: be the completion time of the actions to control the epidemic in Si.  

Epidemics Logistics 22



The epidemic model 
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xi(t)=δiNi-λixi(t)yi(t)-δixi(t)-μixi(t)

yi(t)=λixi(t)yi(t)-δiyi(t)-κiyi(t)

zi(t)= μixi(t)+κiyi(t)-δizi(t)

xi(t)+yi(t)+zi(t)=Ni

It is yi(0)=Y0i and zi(0)=0 (and consequently xi(0)=Ni-Y0i).



Objective function
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Consequently, after some algebraic calculations with 
the constant terms, the objective function is:



Case study: 2009-2010 A(H1N1)v and the 
Attica region

A mobile medical team with a significant service rate
was assigned to the region in order to vaccinate people
that were not able to go to their local vaccination
centers. The targeted subpopulations in this study were
habitants older than 80 years living at their home or in
an old people’s home and habitants with kinetic
problems.

Epidemics Logistics 25

Prefecture Population density 

(inhabitants/km2) 

Targeted subpopulation  

(2009 estimation) 

Athens 7,375 83,000 

Piraeus 583 15,000 

East Attica 277 10,000 

West Attica 143 3,000 

 



Facts
 Greece: 18,228 laboratorial confirmed cases and 149 confirmed deaths.

 Attica administrative region: 8,484 cases and 54 confirmed deaths.

 Targeted study’s subpopulations: Approximately 200 confirmed cases and 10
confirmed deaths in Greece, yielding an overall fatality rate of approximately
5%.

 At 21/04/2010, only 364,559 citizens were vaccinated countrywide.

 A mobile medical team was employed in Attica region from mid-December
2009 to mid-January 2010.

 The number of citizens vaccinated by the mobile medical team was very low
(between ten and twenty).

 The vaccination schedule was random, based on telephone appointments
requested by the citizens.

Epidemics Logistics 26



Results

Total infections (vertical axis) vs. average
percentage service rate of the mobile
medical team (horizontal axis).
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Infections Completion time (days)

Optimal 

solution

Random 

Solution

Optimal 

solution

Random 

solution

Mean 2,696 5,347 37.68 55.38

s.d. 10,159 20,300.87 11.35 22.28

Min 0 0 22 31

Q1 5.71 10.49 28.75 37.52

Median 17.48 26.21 34.61 49.09

Q3 131.89 247.50 44.57 68.10

Max 78,993 157,986 78.32 121.68

Optimal vs. random solution
descriptive statistics.



Multiple resources problem (Rachaniotis et al., 2017)

Find the optimal schedule-allocation of limited discrete resources
(mobile medical teams) employed in parallel in a time horizon to
implement a vaccination campaign for infected subpopulations unable
to proceed to vaccination centres either because they are house
bound (elderly, incapacitated etc.) or they are in institutions in several
distinct areas in order to minimize the total number of new infections
(or, equivalently, to maximize the total number of infections averted).

Epidemics Logistics 28
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Assumptions

Epidemics Logistics

• The mobile medical teams can be considered as parallel
(identical or non-identical) unrelated resources with constant
service rates

• More than one medical team may be allocated to a specific
regional population

• Pre-emption is not allowed
• Control actions rely on vaccination of specific groups of the

population (house bound, institutionalized etc.)
• All the available medical teams at any time are employed for

controlling the epidemic
• The resources’ traveling times are assumed to be negligible.
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Notation and objective

Epidemics Logistics

Let: 

P={P1,P2,…,Pn} be the set of n populations in different regions, and let Ni be the size of Pi, i=1,…,n.  

t0>0 be the common for all populations time required for the resources to commence vaccination. 

t be the discrete time units (days).  

tend be the end of the vaccination campaign in all regions. This time is not known in advance, since it depends on 

whether additional (resources) medical teams become available and when (time and resource-dependent problem). 

mt be the resources (medical teams) available at time t.  

(r1(t),r2(t),…,rn(t)) be the vector of the number of medical teams assigned for vaccination in every regional 

population at time t, where ri(t){0,1,…,mt}, i=1,…,n. This is the problem’s decision vector variable. 

REi be the effective reproduction number in Pi. 

Ii(ri(t)) be the number of new infections therefore infective in Pi at time t. 

C(ri(t)) be the completion time of the vaccination campaign for controlling the epidemic in Pi at time t (i.e. REi≤1), 

having ri(t) medical teams assigned to region i.  

The objective is to minimize the total number of new infections, given the available number of mobile medical 

teams:                                                                       
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The number of new infections at any time instance can be calculated using as input any existing disease 

transmission model (from compartmental modeling to agent-based modeling approaches). 
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Solution methodology

Epidemics Logistics

Step 1: Allocate resources to populations according to the incremental
algorithm (Shih, 1974) for solving the respective static discrete
resource allocation problem. The vaccination time duration under the
current assignment is calculated.
Step 2: Check whether the current resource allocation should be
altered. The resource allocation changes in two cases: a) arrival of
additional resources, b) the region’s vaccination with the shortest
completion time finishes. If yes, move to Step 3. If not, then the
vaccination campaign is completed (time tend is reached) and the
algorithm ends calculating the total number of infected people.
Step 3: Calculate new populations’ susceptibles numbers and return to
Step 1.
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Example: A case of influenza in Greece

Epidemics Logistics

Population is divided into five subgroups: susceptible (S), vaccinated (V), exposed (E),
infective (I) and recovered (R).



Model’s parameters
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β: Contact rate

βΕ: Ability to cause infection by exposed individuals

βΙ: Ability to cause infection by infectious individuals

1-βV: Vaccine effectiveness

σ-1: Mean duration of latency

γ-1: Mean recovery time for clinically ill

δ-1: Duration of immunity loss

μ: Natural mortality rate

r: Birth rate

κ: Recovery rate of latent

α: Flu induced mortality rate

θ-1: Duration of vaccine-induced immunity loss

CSR: the mobile medical teams’ constant service rate

φt: Rate of vaccination. It is φt=r(t)CSR, which differs from the common SVEIR
models’ assumption that the vaccination rate is constant during the control effort.
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Model’s equations

Epidemics Logistics

The	model	is	represented	by	the	following	system	of	ordinary	differential	equations:	

'( )

'( )

'( ) ( )
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The	basic	reproduction	number	for	the	previous	model	is	provided	by	the	next	

formula:	
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Greece’s Health Districts and targeted populations

Epidemics Logistics



Scenarios and sensitivity analysis

Intervention strategy Resource allocation policy Scenario

No intervention - Baseline

Reactive mass vaccination starting at day 7, 14, 21, 
28 and 60 from the onset of the outbreak

Allocation of a single resource to all sub-populations Fixed strategy

Allocation of a constant amount of resources by using 
the size of each sub-population as the main driver

Maximum resources

Dynamic reallocation of resources Heuristic

Epidemics Logistics 36



Results
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Results
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Heuristic algorithm’s solution Gantt chart for d=7

• The maximum resources scenario outperforms the no vaccination scenario (the

percentage difference of total infective cases ranges from 31.8% to 52.7%

respectively, increasing when the vaccination campaign initiates earlier).

• The heuristic algorithm’s solution also outperforms the maximum resources

scenario where the percentage difference of total infected cases ranges from

1.1% to 2.3% respectively, translated into 15-20 less deaths per 1,000 infective

cases averted.



Smallpox outbreak: The case for regional mass 
vaccination (Dasaklis et al., 2017)

Smallpox is considered one of the most feared
bioterrorist agents with a case-fatality rate ranging from
15 to 30%.

Epidemics Logistics 39



Problem’s description
Two types of supplies should be transported from a central warehouse to RSCs
and then to local PODs:

 Crucial medical supplies like vaccines. For these supplies certain
transportation protocols should be followed and separate vehicles should be
used.

 Vaccine administration supplies (smallpox vaccine coolers/refrigerators,
vaccine diluents, sterilized bifurcated needles, etc.), general supplies and
equipment (tables, chairs, water and cups, paper, telephones, fax machines
etc.) and other emergency supplies (blankets, food meals, etc.). These
supplies could be bundled together.

Different types of vehicles (in terms of capacity) and different modes of
transportation should be used (according to the type of commodity
transported/distributed). The objective is the minimization of the total amount
of unsatisfied demand over all types of commodities, final demand points
(Points of Dispensing), for all periods.

Epidemics Logistics 40



Problem’s formulation

The modelling approach consists of two parts. The first part
is the compartmental modelling approach related to the
disease’s progression. The second part relates to the
epidemics control logistics network configuration model.

Epidemics Logistics 41



Modelling smallpox’s progression
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• Infected but 
asymptomatic, 
non-infectious, 
and vaccine-
sensitive (I1)

• Infected but 
asymptomatic, 
non-infectious, 
and vaccine-
insensitive (I2)

• Infected but 
asymptomatic and 
infectious (I3)

• Symptomatic and 
isolated (I4).



Notation
Let

T: be the planning horizon. 

t: time period (day), t-1,…,T. 

CM: be the set of different essential medical commodities (vaccines)

CS: be the set of different ancillary supplies (bifurcated needles, food, blankets etc) 

C: be the set of commodities in total. It is C=CMCS

NSC: be the set of National Stockpiling Centres

RSC: be the set of Regional Stockpiling Centres

POD: be the set of local Points of Dispensing

N=NSC+RSC+POD: be the union of nodes in the network

Parameters

Let

Sic(t): be the supply of commodity type c in time period t at the National Stockpiling Centre i, iNSC, cC, t=1,…,T

M(t): be the set of kinds of transportation means {M1(t),…, MK(t)} in time period t, i.e. there are K different kinds (subsets) of non-identical 
transportation means with Mk(t) identical means of each kind, k=1,…,K

Vkc: be the capacity of transportation mean k for commodity type c, k=1,…,K, cC. 

vc: be the volume of commodity type c, cC

G(N,E): be a graph, where E is the set of edges (i,j,k), i,jN, k=1,…,K

dic(t): the demand for commodity type c in time period t at dispensing point i, iPOD, cC, t=1,…,T 

Uik(t):  Unloading capacity for the facility in node i for transportation mean of kind k in time period t, iN, k=1,…,K, t=1,…,T

SCi(t): Storage capacity for the facility in node i in time period t, iN, t=1,…,T

LCik(t): Loading capacity for the facility in node i for transportation mean k in time period t, iN, k=1,…,K, t=1,…,T

Decision variables

xijck(t): amount of commodity type c transported from node i to node j by the k-th kind of transportation in period time t, i,jN, i≠j, cC, 
k=1,…,K, t=1,…,T.

uic(t): unsatisfied demand of commodity type c at node i in period time t, iPOD, cC, t=1,…,T

Iic(t): Inventory of commodity type c at node i in period time t, iN, cC, t=1,…,T
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Smallpox progress model equations
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Smallpox progress model equations
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As the vaccine provides protection to those susceptible to the disease and to those at 

stage 1 of infection there will be a quantity ( )wV t  of vaccine wasted per period: 
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Logistics network configuration model

Assumptions:

 NSC, RSC and POD are disjoint sets, e.g. a RSC cannot
serve as local POD, etc.

 The time to transfer commodities from a
transportation mean to another is considered
negligible.

 Travelling times between the two most distanced
nodes of the network do not exceed the period of one
day (24 hours).
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Logistics network configuration model
T
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 



  , iN, k=1,…,K, t=1,…,T    (26) 

jick ik

j N c C
j i

x (t) UC (t)
 


 , iRSC+POD, k=1,…,K, t=1,…,T   (27) 

xijck(t), uic(t), Iic(t)≥0,  i, jN, cC, k=1,…,K, t=1,…,T    (28) 
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 Epidemics control supply chain literature is fragmented

 Most of the available frameworks have little correlation
with real-case scenarios and, therefore, the applicability
of the modeling approaches might be limited

 Several aspects of the nature of the outbreak or of the
agent triggering the outbreak have not explicitly taken
into consideration when relevant supply chain decisions
are to be made.

Discussion
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• Multidisciplinary synergies

 End-to-End approaches

 Evaluation of models and large scale exercises (applicability of
existing modeling approaches)

 Performance metrics

 Cross-functional drivers

 Coordination issues.

Research directions
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