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Problem Description: The Recommended Childhood Schedule

2014 Recommended Immunizatinns for Children from Birth Through 6 Years Old

m = O &
mths Ii-l! ;Fa’u’s

HepB | HepB HepB
RV RV RV
DTaP DTaP DTaP | DTaP | DTaP
Hib Hib Hib Hib
: :52:2¥$2;ﬂ PCV PCV PCV | PCV |
PV IPV IPV IPV
| Influenza (Yearly)’ |
MMR MMR
|  Varicella | Varicella
e il HepAs

sherem e targe.

Approved by the Advisory Committee on Immunization Practices (http://www.cdc.gov/vaccines/recs/acip), the American
Academy of Pediatrics (http://www.aap.org), and the American Academy of Family Physicians (http://www.aafp.org).

http://www.cdc.gov/vaccines/parents/downloads/parent-ver-sch-0-6yrs.pdf
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Problem Description: The Recommended Canadian Childhood Schedule (Excerpt)

Publicly funded Immunization Programs in Canada - Routine Schedule for
Infants and Children (including special programs and catch-up programs)

NACI 2,4, 4-6 |14-16 |Infancy 12 mths 12-18 12 Infancy (1-|Pre-teen |2, 4, |2, 4, |2, 4, &, |6-23 Females 2, 4,
recom- 6, 18 |yrs ¥rs (2 doses) |AND 18 miths mths 4 doses)' |[1 dose) /6. 12 |&, 12|/12-15 |mths (1 (3-13 yrs |6
mendation mths OR Pra- |mths OR | ry 4oea) [AND 18 |AND Pre- -15 |-15 |mths -2 (= mths
tean/tean |4-6 yrs : © |mths  teen (1 mths mths doses) |doses
(2-2 OR 4-8 1 at 0, 2,
doses) Vs dose) & mths]

BC 2, 4, 4-6 |Tdap. 2,4, 6 12, 18 12 mths, 2,12 2, 4, (6 6-23 Fermales
6 yrs  |Gr. 9 mths mths Catch-up mths; HR], 12 |mths Gr. 6, 9
(DTaF (ODTaP- 4-5 yrs, Gr. & mths
- HB- HB-IPW- Gr. 6
IPV- HibJ:

Hib): Catch-up
18 Gr. &
mths (HB)
(DTaF

-1PV-

Hib)

AB 2, 4, 4-6 |Tdap. Gr. 5 12 mths, (12 mths 04,12 2,4, 5-59 Females
&6, 18 |yrs Gr. 3 4-5 yrs mths 5, 18 mths Gr. 5
mths mths Catch-

up Gr. 9
in 200%9-
12

Provincel/territory specific recommendations were collected by the Canadian Nursing Coalition on Immunization (CNCI).

http://www.phac-aspc.gc.ca/im/ptimprog-progimpt/table-1-eng.php
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Problem Description: Untimely Vaccination

Statistics reported by Luman et al. 2002* following the 2000 National Immunization
Survey (NIS):

* Only 9% of children received all recommended vaccines at the

recommended ages.

» 55% of children did not receive all recommended doses by 2 years of

age.

» 8% of children received at least 1 vaccination dose too early to be

considered valid.

! Luman, E.T., M.M. McCauley, S. Stokley, S.Y. Chu, L.K. Pickering. 2002. Timeliness of Childhood Immunizations.
American Journal of Preventive Medicine 110.
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Problem Description: Untimely Vaccination

Statistics reported following the 2008 NIS:
For children 19-35 months old 2:

« National coverage rates for the vaccines routinely recommended for children 19-35

months old were reported at 76.1%
« Coverage among states varied from 59.2% to 82.3%.
» Coverage rates for the Hepatitis B birth dose ranged from 19.2% to 81.4% between

states.

For adolescents aged 13-17 years 3
» Coverage rates for Tdap, MCV, and at least one dose of HPV were reported at 40.8%,

41.8%, and 37.2%, respectively.

* Only three states had coverage over 50% for all three vaccines routinely

recommended for adolescents.

2 CDC. 2009. National, state, and local area vaccination coverage among children aged 19-35 months — United
States, 2008. Morbidity and Mortality Weekly Report 58 921-926.

3 CDC. 2009. National, state, and local area vaccination coverage among adolescents aged 13-17 years— United
States, 2008. Morbidity and Mortality Weekly Report 58 997-1001.
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Problem Description: Causes of Untimely Vaccination

Reasons often cited for incorrect and untimely vaccination:

» parental negligence and misinformation

« incomplete or incorrect schedules constructed by health professionals due to:
* insufficient knowledge and addition of new vaccines to the lineup, 4 °

* problem complexity and tedious process of manual construction.

4 LaRussa, P., S. Chen, P. Sternfels, L. Cooper, A. Caesar, M. Ewing, M. Irigoyen, S. Findley. Impact of immunization
schedule changes on missed opportunities for vaccination. The 37th National Immunization Conference, Chicago, IL,
2003.

5 Cohen, N.J., D.S. Lauderdale, P.B. Shete, J.B. Seal, R.S. Daum. 2003. Physician knowledge of catch-up regimens and
contraindications for childhood immunizations. Pediatrics 111 925-932.
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Problem Description: The Catch-up Guidelines

FIGURE 1. Catch-up Immunilzation schiedule for persons aged 4 months throwgh 18 years who start late or who are more than 1 moenth behind —United States, 2014.

The figure below provides catch-up schedules and minimum intervals between dosas for chilldren whose vaccinations have besn delayed. A vaccine seres does not need to be restarted, regardless of the time
thiat has elapsed betwesn dosas. Use the section appropriate for the child's ags. Always uss this tabls In conjunction with Figure 1 and the footnates that follow.

http://www.cdc.gov/vaccines/schedules/downloads/child/0-18yrs-child-combined-schedule.pdf

Pereont aged 7 Ehmough 18 years

T Miniwa iInferval Bebween Doses
Warcine A for
Doz 1 Dose 1 o dose 2 Dose 2 bo dose 3 Dose 3 o dose 4 Dose 4o dose 5
- = . . B wesks and af least 16 wesks afier first dose; minimum age
Hepatiis B Birth 4 wamses for the nal dose k5 24 weeks
Rotavins? Ewesks & yemais £ wamaies?
Diphtheris, tetanus, & = . . . 5 . Em 5
[ ——— 5] £ wesios & ks & months & momie!
o Tnﬂertaqt S younger than 12 montrs and first
dose administered ot < 7 months old
B weeks and age 12 monts through €59 months: (2 fina
£ weeks Firs dose adminkskened af poungers than age dose ¥ curent age Is yourger than 12 monte and first dos= = weeks (a5 nal dose
12 monkhs adminis=red befaesn 7 Frough 11 months (egardess of Hib - | o A = -
Hasmophilus P— B wesks (a3 fnal doss] vacting [PRF-T or FRF-CAST] used tor Arst dose]; DR T O T T e et] 12 Byomgh
InTumrzas bpe b =WESES | Pt dose adminksiered af age 12 firough 14 monts ¥ curment age |5 12 Sough 53 monts and first dos= 12 e And steried the I:-'-ar':fﬂf:be‘l:\r':;;
o furthier doses reeded adminisier=d at younger than age 12 monbe; OF = 7 ronths 4 -
Ffirsf dose adminisiered at age 15 mons or older first 2 doses were PRP-0MF and adminisiersd at youngsr San .
1Z monihs.
P further doses nesded F prewious doss adminkskned at age
15 moerths or older
£ wemzs vt dose “'.'.P:;_ET'E:' A younger than age 4 weeks i current age Is younger than 12 monEs 5 wereks [2s Snal dose
- I ikl B weeeks (25 Anal dose for heathy children I oareni age s 12 | This dose only necessary for children aged 1.2 Swough.
Fneuroosccal Swmapy | 5 wesks iz Td doze for "‘1‘“,"' 2 n"l-h'c“r ';'":" dose months o okdar £E morths wio recefved 3 doses befors age 12
Nn‘mu?g‘crfim'ﬂzuc::l E -ﬂ_ﬂ_'_ti:f Chidren F st does | 0 Turther doses needed for healthy childen I previous dose months or for childrer at high risk wio necsived 3
adminishened 2 age 22 momthy or pider adminishered at spe 34 months of clder doses al any ape
nacivated pollovirus” | S wesks £ weeks’ 4 g’ E mon@is” minimum age 4 years for final dose
Meringococcalt! E wesks = weekst Ses fooimoke 13 See fookmobe 13
Measies, mumps, 12 E
res monire = s
Waricella™ 2 months 3 moimths.
Hepatitis AT & moiths.

-up Scheduling for Childhood immunization



Problem Description: Causes of Untimely Vaccination

Reasons often cited for incorrect and untimely vaccination:

» parental negligence and misinformation

« incomplete or incorrect schedules constructed by health professionals due to:
* insufficient knowledge and addition of new vaccines to the lineup, 4 °

* problem complexity and tedious process of manual construction.
« missed opportunities for vaccination ©

« environmental and socioeconomic standings.

4 LaRussa, P., S. Chen, P. Sternfels, L. Cooper, A. Caesar, M. Ewing, M. Irigoyen, S. Findley. Impact of immunization
schedule changes on missed opportunities for vaccination. The 37th National Immunization Conference, Chicago, IL,
2003.

5 Cohen, N.J., D.S. Lauderdale, P.B. Shete, J.B. Seal, R.S. Daum. 2003. Physician knowledge of catch-up regimens and
contraindications for childhood immunizations. Pediatrics 111 925-932.

6 Szilagyi, P.G., L.E. Rodewald, S.G. Humiston, R.F. Raubertas, L.A. Cove, C.B. Doane, P.H. Lind, M.S. Tobin, K.L.
Roghmann, C.B. Hall. 1993. Missed opportunities for childhood vaccination in office practices and the effect on
vaccination status. Pediatrics 91.

Universal Tool for Vaccine Scheduling 10/45




Problem Description: The Recommended Adult Schedule

Recommended Adult Immunization Schedule—United States - 2014

Mote: These recommendations must be read with the footnotes that follow
containing number of doses, intervals between doses, and other important information.

Figure 1. Recommended adult immunization schedule, by vaccine and age group’

VACCINE w AGE GROUF » 19-21 years 11-26 years 1749 years | 5-59 years &0-64 years = 65 years
Influenza ** | I I 1 dose Bll'illl.lilljl' I I |
Tetanus, diphtheria, pertussis (Td/Tdap) ** | I Substitute 1 -“I'I':lE dose of Tdap for Td b:-nuster: then boost wit:h Td every 10 yrs I |
Varicefla*” | I I 2 r.hl:ses I I |
Human papillomavirus (HPV) Female ** | 3 d:usns |

Human papillomavirus (HFY) Male * | 3 d:un |

Inster® 1 dose |
Measles, mumps, rubella (MMR) | 1 or 2 doses

Pneumococcal 13-valent conjugate (PCV13) * | : : 1 d:nu |
Preumococcal pabysaccharide (PPSVZ3) 20 | 1 or 2 doses : | | 1 dose |
Meningococcal ™ | : | 1or I'IHHI"IHDIII : |
Hepatitis A | 2 dmn |
Hepatitis 8 =" | : 3 duu : : |
Haemophilus influenzze type b (Hib) ™ | I : 1or !-Illnul I I |

For all persons In thils ctegory who
meet the age requirements and who
lack docurmentation of vaccination or
hawe no evidence of pravious Infection;
zaster vacoine recommended regardless
of priar eplsode of zostar

I:l Recommiended If somie other sk
factor s present (e.q. on the basis of

medical, eccupational, festyle, or other
Indication)

http://www.cdc.gov/vaccines/schedules/downloads/adult/adult-combined-schedule.pdf

Catch-up Schedulino

for Childhood and Adult VVaccination




Problem Description: The Recommended Adult Schedule (Cont.)

Figure 2. Vaccines that might be indicated for adults based on medical and other Indications’

Immune- HIV infection Heart Asplenia (including
compromising | (D4+ T lymphocyte disease, | elective splenectomy
conditions count 45781 Men who | Kidney failure, chronic and persistent

(exduding human have sex | end-stage renal | lung disease, complement (hronic

immunodefidency| <200 =200 with men | disease, receipt chronic component liver Healthcare
VACCINE = INDICATION ™ | Pregnancy | wirus [HIV]*5"5 | cells/pl icellsfpl | (MSM) | of hemodialysis | alcoholism defidencies) ** | disease | Diabetes | personnel
Influenza > | 1 dose IV annually | —— | 1 dose IV annually | |”"’_‘.'1'.".'{,
Tetanus, diphtheria, pertussis (Td/Tdap) ** |1 m"d’ | Substitute 1-time dose of Tdap for Td booster; then boost with Td every 10 yrs |
Varicella** Contraindicated | 2 doses |
Human papillomavirus (HPY) Female | 3 doses through age 26 yrs | | 3 doses through age 26 yrs |
Human papillomavirus (HPV) Male ** | 3 doses through age 26 yrs | | 3 doses through age 21 yrs |
Tostert Contraindicated | 1 dose |
Measles, mumps, rubella (MMR) ™ Contraindicated | 1 or2 doses |
Pneumococcal 13-valent conjugate (PCV13) ™ | 1 dose
Pneumococcal polysaccharide (PPSV23) %0 | 1 or 2 doses
Meningococcal ™ | 1 or more doses |
Hepatitis A" | 2 doses |
Hepatitis B | 3 doses
Haemophilus influenzae type b (Hib) ™ | post-H5CT reciplents anly 1 or 3 doses |
“avered by e Vacehe Far all in this zat who meet the [ ts and wh R ended if her risk fact N endati
Injury C:ompensation Program I:l Ia{;t doieuﬂi;m:n Efiaaggﬁrayﬁan arﬁe mo :g%ﬂr;n;giﬂirﬁu in=e§tinn: I:l isﬁ?eTﬂ (e.g.. 'Ds?ﬂ:b?si?;fim;dﬁ, I:l © rEesmmendation

zoster vaccine recommended regardless of prior episode of zoster occupational, lifestyle, or other indications)

Catch-up Scheduling for Childhood and Adult VVaccination



Problem Description: Untimely Vaccination

Statistics reported following the 2007 NIS of Adults ’:

* Only 57.2% of persons ages 18-64 and 44.1% of persons ages 65+ had received

the tetanus, diphtheria vaccine (Td) recently enough to be considered still valid.

* Only 65.6% of persons 65+ had ever received the pneumococcal vaccine (a

vaccine recommended for all persons in that age group)

* Only 1.9% of persons 60+ received the zoster vaccine (recommended for all

persons in that age group)

7 CDC. 2010. The National Immunization Survey. Department of Health and Human Services, National Center for
Health Statistics, United States. URL: www.cdc.gov/nis.
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Catch-up scheduling decision support tools

Aim

Provide freely available and easy to use automated tools for
constructing catch-up schedules aimed at individuals, providers,
and caretakers

Immediate benefits: Long-term benefits:
» Eliminate human error. * Improve timely vaccination rates.
» Speedup the process. » Alleviate missed opportunities.
» Improve public access to vital » Improve awareness participation.
information.
) J
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The Catch-up Scheduling Problem

Paradigm

Given past vaccination history, each remaining dose that can be
feasibly administered and not contraindicated must be scheduled.

Feasibility requirements:

« minimum and maximum age requirement for each dose of each

vaccine.

« Gap between (not necessarily successive) doses of the same vaccine
must not violate the minimum allowed. This gap may vary by vaccine,

dose, current age and/or age at which pervious dose is administered.

« “Live-virus” vaccines may be administered during the same visit or at

least 28 days apart.

Catch-up Scheduling for Childhood and Adult VVaccination



The Catch-up Scheduling Problem

Paradigm

Given past vaccination history, each remaining dose that can be
feasibly administered and not contraindicated must be scheduled.

Possible contraindications:

 The previous dose is administered at an age that no longer warrants

further vaccination.

« The current age no longer warrants further vaccination.

Example (Contraindicating PCV)

The second dose of PCV is deemed final if the first dose is administered after age 12
months or the current age is 24-59 months. In either case, the third and fourth doses
are unnecessatry.

Catch-up Scheduling for Childhood and Adult VVaccination



The Catch-up Scheduling Problem

Paradigm

Given past vaccination history, each remaining dose that can be
feasibly administered and not contraindicated must be scheduled.

Discretionary measures:

« The aggressiveness of catch-up regime, i.e.

Administer when recommended
VS

Administer as soon as feasibly possible

« The maximum number of simultaneous administrations.

« The number of doctor’s visits.

Catch-up Scheduling for Childhood and Adult VVaccination



The Catch-up Scheduling Problem & Machine Scheduling

Machine scheduling

Catch-up Scheduling

Similarities

Jobs
Release and due dates

Number of processors

Separation time between jobs

(Chain) Precedence

Vaccine doses
Window for each dose

Number of simultaneous
administrations

Spacing between doses

Doses must be given in
sequence

Dissim

ilarities

Processing time

Typically single objective (i.e.
makespan, tardiness etc.)

Typically constant separation
times or setup time depends
only on previous job

Doses can be administered
instantly

Multilevel objective:

1. Maximize completable
vaccination series.

2. Maximize number of
administered doses.

3. Minimize total delay in
administering doses.

Spacing may vary by age and
age any previous dose is
given

Complexity

The catch-up scheduling problem remains
NP-hard:

1. without minimum gap between doses
and live vaccines,

2. without any maximum age for a dose
and without live vaccines, and

3. without a limit on the number of
simultaneous administrations.

Catch-up Scheduling for Childhood and Adult VVaccination



The Tool

{hild’s vaccination hist@ / \ / \

INPUT » SCHEDULER P{ OUTPUT

Vaccine Modelin
< Algorithms to Charts containing schedule

Language (VML).
\ Juage ) / \construct schedule. / for all remaining dosey

Catch-up Scheduling for Childhood and Adult VVaccination



The Tool (User Input and Interface) 208 Catch-Up e

Fnfter child'c vaccinatinn history;

scheduler
For Children Six years and younger

AR
L“‘l

# Load Vaccination History i ) Start Over

Child's Name: John Smith

Bii thdate: 0172472011

m:qu Jescnption

HepB Hepatitis 8 1/3 Dose 1: (01/27/2011 8 =
+ Add Hept Dose 2

RV Rotavirus 1/3 Dose 1: (03/31/2011 | @ | =
+ Add RV Dose 2

DTapP Diphtheria, Tetanus, Pertussis 1/ Dose 1:(03/18/2011 8 x
+ Add DTaP Dose 2

Hib Haemophilus influenzae type b 0/4 + Add Hib Dose 1

PCV Pneumococca 0/4 + Add PCV Dose 1

1PV Polio 0/S + Add IPV Dose 1

MMR Measles, Mumps, Rubelia 0/2 + Add MMR Dose |

Var Varicella (Chickenpe 1/2 Dose 1:(01/01/2012 8 x
+ Add Var Dose 2

HepA Hasghitie 2 oL + Add HepA Dose 1

Schedule Type: ® Routine () Accelerated

https://vacscheduler.org

Catch-up Scheduling for Childhood immunization

*n



The Tool (User Input and Interface) — Adult Immunization Scheduler

a5 Adult Immunization Scheduler = W 5=
Adult Immunization ¢ BH [¥] ? < Enter date of most recent dose
Based on the 2010 Recommended AdultIm If unknown, selectthe check box.
Name: Birth Date - fune - [4 <] 1955 ] sex
: Doses Dates Administered in Chropdlogical Order (in MM/DD/YYYY format only)
Vaccine  agministered Apprg@fate Dates are Acceptable
Questions
T -2 v B [¥] ? < Enter date of most recent dose. = =
o m If unknown. selectthe check box Do yousmoke? [ Yes [v] No
Tdap - Have you had the chicken pox? [7] Yes [¥] No
HPV2/HPV4 Have you had herpes zoster (shingles)? [7] Yes [¥] No
VAR Were you born in the United States? [¥] Yes [] No
70S Are you an Alaska Native or American Indian youngerthan 65? [7] Yes [¥] No
¥ ey S 3 : o 7
MMR 01/14/2008 [ 08/12/2008 [ Have you had a lab test confirming immunity to varicella? [ ', Yes J No
PPSV3 Are you a resident of a nursing home or long-term care facility? [7] Yes [¥] No
e Do you have an immunocompromising condition or HIV? [7] Yes [¥] No
HeRt D Do youwork in health-care? [7] Yes [7] No
MCV4/MPSV4 Have you had a lab test confirRng immunityto Yes @ No
Grtesa - [ i
HepB 01/07/2007 [ measles or had a physician's diagnosi§ for measles?
Additional Questions )
Do you have any of the medical conditions for which vaccination against pneumococcus is recommended? | No
Do you fall under any of the categories for which vaccination against HepA is recommended? | No Get
: ) "y . ) " -
Do you fall under any of the categories for which vaccination against HepB is recommended? |gd| [ 7| No Schedule
Do you fall under any of the categories for which vaccination against meningococcus is recommended? X No
Are you a male between the ages of 9 and 26 who would like to be vaccinated against HPV? Bl [¥\No
[ Rosel | [ Rotrieve Doses|
\
Are you a resident of a nursing home or long-term care facility? || Yes [¥| No
Do you have an immunocompromising condition or HIV? [7] Yes [¥] No

Do youwork in health-care? [¥] Yes [] No

Catch-up Scheduling for Childhood and Adult VVaccination



The Tool (Vaccine Modeling Language)

Example (VML for PCV)

14w Sy

2y

ID Name Live? Num. Doses (’:\Igr:rl;z?;ti
P >
5 PCV No ‘ 4 ) 6
Max Age Rec. Age Rec. Gap to
Dose Min Age Max Age Prev. Dose Next Dose
Min Max Min Max
_>< 1 6w By _ 2m 2m 4w 4w

6m 6m

6m 6m

24m 59m

12m

8w

8w

Current Age Age of Prev Dose Min Gap
Next Dose Prev Dose Between Final Dose?
Min Max Min Max Dose
2 1 0 <24m 0 <12m 4w No

Catch-up Scheduling for Childhood and Adult VVaccination




A Dynamic Programming Algorithm

Day t Partial (initial) Schedule

. —> Schedule vaccine A & B

—> Schedule vaccine A

—> Schedule vaccine B

Dayt+1 —> No vaccine scheduled

Dayt+ 2

Dayt+ 3

Catch-up Scheduling for Childhood and Adult VVaccination



A DP Algorithm

—> Schedule vaccine A
Day t | S, |- Partial (initial) Schedule N Mgt
. — Schedule vaccine A & B
\/ T \ 4 —— No vaccine scheduled
Dayt+1 | (Ts, J(Cs J(CS: J(se )
Dayt+ 2
Dayt+ 3

Catch-up Scheduling for Childhood and Adult VVaccination



A DP Algorithm

5 — Schedule vaccine A
avt e
y | So I, Partial (initial) Schedule S EvEEs e

. —> Schedule vaccine A & B

Dayt+1 lX ll 8"2 ][X ][ é; ] . No vaccine scheduled

Dayt+ 2

Dayt+ 3

Catch-up Scheduling for Childhood and Adult VVaccination



A DP Algorithm

5 — Schedule vaccine A
avt e
y | So I, Partial (initial) Schedule S EvEEs e

. —> Schedule vaccine A & B

y

Dayt+1 l X IGZ_][ X ]Lé“_] . No vaccine scheduled

payt+2 | ()OO GGG

Dayt+ 3

Catch-up Scheduling for Childhood and Adult VVaccination



A DP Algorithm

5 — Schedule vaccine A
avt e
y | So I, Partial (initial) Schedule S EvEEs e

. —> Schedule vaccine A & B

Dayt+1 l X IGZ_][ X ]Lé;_] . No vaccine scheduled

rayt2 | (5 )KIX G GGG

Dayt+ 3 [ S, [ S, [ S, [ S3, I 8‘;7 ll x' Ill %" IIL S‘;o I
CX]L&]JL%H[ Su_J
[ Sos J{Sos JSor ) S0s )

Catch-up Scheduling for Childhood and Adult VVaccination



A DP Algorithm

of Scheduled dose

Al d d, ds
Bl d d;
C d,
Time ]
Al d, d,
B d d,
C| d,
Time "

Today

Catch-up Scheduling for Childhood and Adult VVaccination



A DP Algorithm

<+«—— Min-Gap between doses d; Scheduled dose
<+«—— Delay in administering dose dj Dose to be scheduled

Dominance criteria
d, d, d;

Schedule Sy dominates S, if:

1. The number of doses administered in

> Sy is no less than S, for each vaccine,

a e
.
t
l
l
l
l
l
l
-
o

dl d2 = ————— = - q d3
d; d, < > dj
di«——===-=-~- > d,
Time . '
Today

Catch-up Scheduling for Childhood and Adult VVaccination



A DP Algorithm

<+«—— Min-Gap between doses d; Scheduled dose
<+«—— Delay in administering dose dj Dose to be scheduled

Dominance criteria

d, d, ds . :
Schedule Sy dominates S, if:
d, dy«—-—=—===-=—- > dj .. .
1. The number of doses administered in
- dl A > d2 . -
> Sy is no less than S, for each vaccine,
Time

2. The timing of each critical dose
- critical dose

e
O @™ > O @™ >

d. administered in Sy is no earlier than in
Sy, and
. " 3. The total delay in administering doses in
2 > common is less in S,.

Proposition

If Sy dominates S, then any completion of S, cannot be better than
the best completion of Sy and thus, S, is unwarranted.

Catch-up Scheduling for Childhood and Adult VVaccination



Output Charts — Childhood Catch-up Immunization Scheduler

A 4 month old child who has received 1 dose of HepB at birth and one

| each of DTaP, Hib and PCV at 2 months of age.

Schedule” generated for: on Nowv 05, 2010 (11/05/2010)
Birth Date: Jul 04, 2010 (07/04/2010). Current Age: 0 vear/s, 4 month/s and 0 week's

0-4 1-2 2-5 6-11 | 12-14 | 1517 18-23 4-6

Timeline weeks \months months months |months |months maonths years

K

Rec. Date 070410 09/02M0 1:{;:15?11—{'] 12/03/10 |01/04/11 |0T/04/11 [10/04/11 |01/04/12 |06/04012 0T/0414 07/04/16 | Tally

(mmdddiyy)

[ AD |

oD 31

Rota ? 0/3
DTaP AD |fs]a] oD oD oD 5/5
Hib ¢ AD |e]s] OD OD 44
pcy & [ oD oD 0D m
1PV oD oD 415
MMR 7 oD oD 2/2
Var ® oD oD 212
Heph ® oD oD 2/2

m-.ﬂ.dministered Daose - izaftch-up Dose OD - On-ime Dose m- Freemptive Daose

Universal Tool for Vaccine Scheduling 35/45




Output Charts — Childhood Catch-up Immunization Scheduler

Scenario 1... cont.

A 4 month old child who has received 1 dose of HepB at birth and one

| each of DTaP, Hib and PCV at 2 months of age.

Schedule” generated for: on Nov 05, 2010 (11/05/2010)
Birth Date: Jul 04, 2010 (07/04/2010). Current Age: 0 vear/s, 4 month's and 0 week's

0-4 1-2 3-5 12-14 15-17 18-23 4-5

Timeline weeks moaonths months months months months years

mE

Rec. Date 07/04/10 0970210 1-:{;:15?11-'['] 12/03/10 [12/31/10 0T/04/11 |08/05/11 [10/04011 |01/04/12 |06/04/12 |0T/04/14 |07/04M16 Tally

(rmdddyy)

HepB ' AD | oD 313
Rota < 013
DTaP oD 5/5
Hib * 44
POy 2 44
1PV oD 415
Var ® PD | 212
Hepa ® oD 212

m—.ﬁ.dministered Cose — Catch-up Dose  OD - On-time Dose m— Freemptive Dose
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The Tool in Practice (Output Charts) — Canadian Immunization Scheduler

A 3-year-old child who is up-to-date on the recommended immunizations
in Alberta, Canada

Schedule” generated for: for Alberta on 25 Oct, 2010 (25/10/20107
Birth Date: 25 Jun, 2007 (25/06/2007). Current Age: 3 vear's, 4 month's and 0 week's

Timali 2 3 ] 12 18 3 4 7 10 12 14 15 16

DR manths \/months jmonths |months |months | years years years years years | years | years years

£

Rec. Date 25/08/07 |23/10/07 [30/12/07 [20/06/08 |20/12/08 Z-I;Toaf;fn 25/06/11 25/05/12 25/06/14 |25/06/17 [25/08M7 [25/2/17 |25/06/19 |25/06/21 |25/09/22 |25/06/23 |25/07/23 |25/05/24 Tally
{dd/mmiyy) T

DTaP-IPV oD 1M
Tdap oD 1M
HB oD oD 212

MMR AD | oD 212
s o

MCV-4 0io

Inf 1° One Dose Recommended Annually 111

Hpy ' oD OD oOD 313
] - Administered Dose — Catch-up Dose 0D - On-time Dose E— Preemptive Dose

>
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The Tool in Practice (Output Charts) — Canadian Immunization Scheduler

Scenario 1b... cont.

A 3-year-old child who is up-to-date on the recommended immunizations
in Alberta, Canada ... moves to British Columbia

Schedule” generated for: for British Columbia on 25 Oct, 2010 (25/10/2010)
Birth Date: 25 Jun, 2007 ({25/06/2007). Current Age: 3 vear/s, 4 month's and 0 week's

2 3 ] 12 18 3 4 7 11 13 14 16 17

Timeline
_ manths |months |maonths months |months years years | years years years | years years years

EE
Rec. Date 25/08/07 2310707 30M2/0T 30/06/08 |30/M2/08 Today 2012410 25/02/11 | 26/06/11 |26/06/14 [256/06/18 |256/08/18 |26/12/18 256/06/20 25/06/21 |26/06/23 26/10/23 [26/06/25 |Tally

(i) 25110/10
DTaP-IPV-Hib AD | e
DTaP-PV oD >
it oD 11
HE 313
MMR AD 2

var AD_]

MCV-4 010
Inf 1° 0
HPY OD OD OD 313

- Administered Dose @— Catch-up Dose OD - on-ime Dose @— Preemptive Dose
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Output Charts — Adult Immunization Scheduler

A 35-year-old female who has received 1 dose of MMR, 3 doses of Td,
and remembers the date of her last dose of Td.

Schedule” generated for: on Oct 25, 2010 (10/25/2010)
Birth Date: Apr 16, 1975 (04/16/1975). Current Age: 35 vear/s, 6 month's and 1 week's

o
Rec.Date  |owosio | 1298Y |\04/07/20 (01707130 |04r16/35 [01/07/40 |04r16140 Tally

[rrndddivy) 1002510

- oD oD a3
— 11
— oD 11
PPSV23 * oD 1

Influenza One Dose Recommended Annually [§lk

m—.ﬁ.dministered Dose — izatch-up Dose OD - on4ime Dose m— Freemptive Cose

Universal Tool for Vaccine Schedulino 39/45



Output Charts — Adult Immunization Scheduler

Scenario 2... cont.

A 35-year-old female who has received 1 dose of MMR, 3 doses of Td,
does not remember her last dose of Td, and works in healthcare.

Schedule” generated for: on Oct 25, 2010 (10/25/2010)
Birth Date: Apr 16, 1975 (04/16/1975). Current Age: 35 vear/s, 6 month's and 1 week's

wE

Rec. Date L‘i‘fﬁ?fﬂ 14/26/10 (03/04/11 |10/29/20 [11/05/30 |04/16/40 11/05/40 Tally

{rmm./ddfyy)

Td oD OD oD 33
Tdap 2 11
VAR * 2/2
MMR 11
pPsv23 ® oD 11
HepB OD OD 0D 313

- Administered Dose - Catch-up Dose OD - On-time Dose m— Freemptive Dose
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Usage and Dissemination

 The Desktop Childhood Immunization Scheduler was available at:
http://www.cdc.gov/vaccines/recs/Scheduler/catchup.htm

107,500+ downloads between June 2008 and March 2012

« Adult Immunization Scheduler:
http://www.cdc.qgov/vaccines/schedules/easy-to-read/adult. html

58,000+ downloads between January 2010 — September 2014

e Adolescent Immunization Scheduler:
http://www.cdc.gov/vaccines/schedules/easy-to-read/preteen-teen.html

40,600+ downloads between March 2011 - September2014

 Online Childhood Scheduler
400,000+ visits since January 2012, https://www.vacscheduler.org/

http://www.cdc.gov/vaccines/schedules/easy-to-read/child.html

Grhe MMashimatomn JRost
- .

THE OFFICIAL NEWSMAGAZINE OF THE AMERICAN ACADEMY OF PEDIATRICS |

\” BT s i I) Catch-up immunization software.
USN&WE _AAD News g
a1\ A Online scheduler keeps track of missed Tool Creates Per. I d c teh-up Immunization Schedules For

A New Tool to Manage Your Child's Vaccine Schedule immunizations Missed Childho d V
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http://www.cdc.gov/vaccines/recs/Scheduler/catchup.htm
http://www.cdc.gov/vaccines/schedules/easy-to-read/adult.html
http://www.cdc.gov/vaccines/schedules/easy-to-read/preteen-teen.html
https://www.vacscheduler.org/
http://www.cdc.gov/vaccines/schedules/easy-to-read/child.html

Thank Youl!
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Summary and ongoing work steps

« Automated tools quickly solve catch-up scheduling problem faced on a daily
basis by health-care professionals

» User-friendly
« Easily modified
* Fast
« Schedules meet guidelines and optimize coverage
« Optimization technology is easily adapted to various groups and countries

Future/Ongoing Work

« Use on mobile phones and other hand-held devices

* Online adolescent scheduler

« Develop a of a web-service to enable electronic health record systems
(EHRS), personal health record systems (PHRs) and national immunization
stakeholders such as state immunization information systems (I1S) to
integrate with the tool

« Schedules for immunosupressed children (e.g., with diabetes, HIV,
undergoing therapy, etc.)

Universal Tool for Vaccine Schedulino



* The “universal” catch-up scheduling problem
* Problem description

* Current paradigm

* The need for an automated tool
* A dynamic programming (DP) algorithm
* The tool in practice

« Usage and dissemination
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Problem Description: The Recommended Childhood Schedule

Recommended Immunization Schedule for Persons Aged 0 Through 6 Years—United States * 2010
For those who fall behind or start late, see the catch-up schedule

Vacci Age b P01 i 2 ! 4 f 6 ¢ 1 f{ 15 i 18 1923 23 46

accine ¥ ge Birth : month : months : months ;: months : months : months : months ; months | years : years
Hepatitis B HepB HepB ‘ HepB :
Rotavirus® RV RV RV2 Range of

...... recommendead
Diphtheria, Tetanus, Pertussis® DTaP : DTaP ; DTaP i . 5 DTaP DTaP | agesforal

“““ ; " H children excapt
Haemophilus infuenzae type b* Hib Hib Hib* Hib certain high-risk
Pneumococcal® PCV PCY PCV p{_w m oroups
Inactivated Poliovirus® IPV IPV "::“dr : IPV -

...... : - Range of
Influenza’ ; Influenza [‘l’e_arlyr] recommendad

...... : o cert
Measles, Mumps, Rubella® MMR see footmote® MMR ﬁigg?-ris:a?rrm.g‘s
Varicella® \fariicella see footnots” Varicella
Hepatitis A" " HepA (2 doses) HepA Series J
Meningococcal ' m|

Approved by the Advisory Committee on Immunization Practices (http://www.cdc.gov/vaccines/recs/acip), the American
Academy of Pediatrics (http://www.aap.org), and the American Academy of Family Physicians (http://www.aafp.org).

http://www.cdc.gov/vaccines/recs/schedules/downloads/child/2010/10_0-6yrs-schedule-pr.pdf
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Problem Description: The Recommended Schedule

Recommended Immunization Schedule for Persons Aged 0 Through 6 Years—united States + 2009

For those who fall behind or start late, see the catch-up schedule
VHCCII'IE" AQE > Birth mu1nth moﬁt!]s mo:ths mo.gths mu1n2ths TJnSths mo1n3ths n!g;tzhas yg:risviz\?s
Hepatitis B’ HepB He:pB footnote ! H‘E:PB
Rotavius’ e LRV RV RV b | el
Diphtheria, Tetanus, Pertussis’ DTaP ; DTaP : DTaP : ;omote3 DTaP DTaP | ages
Haemophilus influenzae type b* Hib : Hib Hib® : Hiib : : -
Pneumococcal’ PCV : PCV | PCV PCV : . Certain
: : H . T Zereen i L high-risk
Inactivated Poliovirus ; : IPV : IPV i IPV ; groups
Influenza® : " Influenza (Ye'arlv)
 Measles, Mumps, Rubella’ 0L MMR . seefoomore? | MMR
Varicel® | C 0 Varicella | secfootnoted  Varicella
Hepamlsns ﬁepA (:2 dusesi'
Meningococcal

This schedule indicates the recommended ages for routine administration
of currently licensed vaccines, as of December 1, 2008, for children aged
0 through 6 years. Any dose not administered at the recommended age
should be administered at a subsequent visit, when indicated and feasible.
Licensed combination vaccines may be used whenever any component
of the combination is indicated and other components are not contraindicated
and if approved by the Food and Drug Administration for that dose of

the series. Providers should consult the relevant Advisory Committee on
Immunization Practices statement for detailed recommendations, including
high-risk conditions: http://www.cdc.gov/vaccines/pubs/acip-list.htm.
Clinically significant adverse events that follow immunization should
be reported to the Vaccine Adverse Event Reporting System (VAERS).
Guidance about how to obtain and complete a VAERS form is
available at http://www.vaers.hhs.gov or by telephone, 800-822-7967.
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Problem Description: The Recommended Adult Schedule

Recommended Adult Immunization Schedule
UNITED STATES - 2010

Note: These recommendations must be read with the footnotes that follow
comaining number of doses, intervals between doses, and other important information.

Figure 1. Recommended adult immunization schedule, by vaccine and age group

VACCINE AGE GROUP» 19-26 years 27-49 years 50-59 years 60-64 years >65 years

i i i - - z Td boost
;[Te:i?,?a':;)","?h'he"a' pertussis 1Sy bstitute 1-time dose of Tdap for Td booster; then boost with Td every 10 yrs | [ every 10 ;,rsj

Human papillomavirus (HPV)2*  |[3 doses (females)|

Varicella®." l 2 doses |
|
|
Zostert I 1 dose |
|
|
Measles, mumps, rubella (MMR)S."|| 1 or2 doses [l| 1 dose |
| | |
1 i [ 1
Influenza®.* | 1 dose annually |
| |
| |
Pneumococcal (polysaccharide)’:8 || 1 or 2 doses 1| 1 dose |
| | |
it | |
Hepatitis A%." | 2 doses : |
| | | |
; 1 1 [ |
Hepatitis B10. | 3 doses |
| | | |
| | | {
Meningococealll* | 1 or more doses |
| | | |
*Covered by the Vaccine Iury Compznsation Program.
For all parsons In this catagory who meel the age Recommendad Il some other risk factor Is No recommendation
mllro ants and who lacl?ﬂqd 8nca of Immunl pruon( 8.0.,0n the basls of medical, E
(8.9., lack dccumantalion of vaccination or have ; O(EIIle onal, llmme. or other Indlcations)

no evidence of prior Infection)
Repartall cinically signifcant postvaccination reactions 10 the Vaccine Adverss Event Reparting System (VAERS). Reporting fomms and Instructions cn 11ing @ VAERS report are avalable at wyaw vasrs.hhs gav of by
telphons, 800-822-7967,
Infamatin on how 10 file 3 Vaccine Injury Compansation Program claim Is avallable at wiww.hrea.govvascinroompensation of by tekphons, 800-332-2332. To file a clim for vaccine Injury, coatact the U.S. Court of
Fedaral Claims, 717 Madison Place, N.W., Washingion, D.C. 20005, telephone, 202-357-6400.

Additional informaticn about the vaccings In this schedule, axtent of avallable data, and contraindizations for vaccination & also avallabke at www.cdc 2owvaccines of from the COC-INFO Contact Center at
BCC-COC-INFO (900-232-4635) In English and Spanish, 24 hours a day, 7 days a week.

Uss= of frade names and commercial scurces ks for dentification only and does nat Imply @ndorssment by the U.S. Department of Health and Human Ssrvices.
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The Recommended Schedule in Turkey

2.ayin  3.ayin  4.ayin  9.ayin  12.ayin (o] [o]

dogumda sonunda sonunda sonunda sonunda sonunda 16-24.ay 1.sinifta  8.sinifta

BCG I R

DBT I Il 1l R

Td * *
Hib I | 1l R

OPV I | 1l R R

KKK

(kizamik) | R

Hepatit B I 1 1l I-11-111



Problem Description: The Recommended Adolescent Schedule

Recommended Immunization Schedule for Persons Aged 7 Through 18 Years—United States » 2010
For those who fall behind or start late, see the schedule below and the catch-up schedule

Vaccine ¥ Age » 7-10 years 11-12 years 13-18 years
Tetanus, Diphtheria, Pertussis! . :
-------------------------------------- qﬂr‘gg 'Elf
Human Papillom avirus® recommenided
...................................... ages for all

childran except
certain high-risk

oups
Influenza* St
Pneumaococcal®
...................................... Ranga of
CRY recommendsd
HepatiisA” . ages for
e 7 i . catch-up
Hepatitis B’ i . . immunizaticn
Inactivated Poliovirus® IPV Series -
. P P P R ey —
| Measies, Mumps, Rubella I — E— recommended
. ) : 3 7 ages for cartain
Varicella™ : Varicella Series _ high-risk groups

Approved by the Advisory Committee on Immunization Practices (http://www.cdc.gov/vaccines/recs/acip), the American
Academy of Pediatrics (http://www.aap.org), and the American Academy of Family Physicians (http://www.aafp.org).

http://www.cdc.gov/vaccines/recs/schedules/downloads/child/2010/10_7-18yrs-schedule-pr.pdf
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The Recommended Canadian Childhood Schedule (Excerpt)

NACI
recom- mths yrs
mendation
BC 2,4,6,18 4-6
mths yrs
AB 2.4,6,18 4-6
mths yrs

2,4,6,18| 4-6 14-16

yrs

dTap,
Gr S

dTap.
Gr S

{1

Infancy
(3 doses)
OR
Pre-
teen/teen

2,4,6 mths
Gr 6 Catch-
up (2
doses)

12 mths,
18m/4-6
yrs

12, 18
mths

12 mths,
4-6 yrs

Children
between 12 &
18 mths

12 mths,
4-6 yr olds,
and Grade 6

12 mths

2, 4, 6 mths
OR

12 mths, if

not yet given
OR

14-16 yrs, if

not yet given

2,12 mths
Gr 6 catch-up

12, 4 and 12

months

High risk
individuals
2-55 yrs of

age?

2, 4,6, 6-23
12/15 mths
mths (1-2

doses)

Healthy |6-23

children: |mths

2,4,12

mths

High risk

children:

2,4,6,12

mths

2,4,6,18 |6-59
mths mths

Females 9-
26 yrs (3
doses at 0,
2 and 6

months)*

Starting in
Sept 2008:

(Females in

Gr 6 and
Gr.S (3
doses given
@0, 2 6

imos)

iStarting in

Sept 2008:
Females in
Gr 5. Gr S
girls from

{2008 to

2012
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Problem Description: The Catch-up Guidelines

Catch-up Immunization Schedule for Persons Aged 4 Months Through 18 Years Who Start Late or Who Are More Than 1 Month Behind—united states « 2010
The table below provides catch-up schedules and minimum intervals between doses for children whose vaccinations have been delayed. A vaccine
series does not need to be restarted, regardless of the time that has elapsed between doses. Use the section appropriate for the child’s age.

PERSONS AGED 4 MONTHS THROUGH 6 YEARS

A Minimum Age Minimum Interval Between Doses
e for Dose 1 Dose 1to Dose 2 Dose 2 to Dose 3 Dose 3 to Dose 4 Dose 4 to Dose 5
. ' B weaks
fis B1 .

HepeiEs B Birth 4 weaks (and at least 16 wesks after first dose)

Rotavirus® 5 whs 4 weaks 4 weeks?

Diphtheria, Telanus, Pertussi? 6 wks 4 weaks 4 weaks & months®

4 weaks 4 weaks?
i first dose edministarad &t younger than age 12 months if cument age is younger than 12 manths 8 weeks (as final doss)
B weeks (as final doss) B weaks (as final doss)! This dosa anly necessery
. P - if first dosa edministered &t age 12-14 maonths if current ape is 12 months or older and first dosa for children aged 12 months
iz i H b whs L
Hasmophiluz infissnzae typs B wRE administered af younger than ege 12 months and throwgh 59 manths who
Mo further doses nesded d does administerd &1 than 15 ih ived 3 dosas ha
i first dose administared &t age 15 monihs or older sacond dosa administered &t younger than 15 months recaived b :-:esh. o
Mo further doses nesded g fe menis
if previous dose administered &t age 15 months or older
A weeks 4 weaks -

8 ki final dose
ii first dose edministered &t younger than age 12 months if curent age is younger than 12 manths Tmu:e{:?ylrr:::essa?:l
8 weseks (as final dose for healthy children) B weeks for children aged 12 months

- i first dose administared &t age 12 months or older {as final dose for healthy child throwgh 59 manths who

o 5 . y children)

Preumacocc B wRE or cument age 24 through 53 maonths i cument ege is 12 menths or older mcaived 3 doses before
No further doses needed Mo further dosas needed i‘i: ; ':;TJE:&L
for healthy children ¥ first dose fior healthy children if previous dose edministered at age % doess at any ege

admiristered &t apa 24 months or oldar 24 mandhs or oldar W Eg

Inectiveted Poliovirus® & wihs 4 weaks Aweaks T  manthe |

Measios Mumps, Rubslls 12 mos 4 weaks

Varicslla® 12 mos 3 months

Hepatitis A° 12 mos & months

PERSONS AGED 7T
4 weaks
Tetenus, Diphtharia/ . if first dose administerad &t younger than age 12 months | & months
Tetenus, Diphtharie, Pertussis® 7 yrs' 4 weeks if first dose administered at
- B ) _ & menths younger fhan age 12 months
i first dose administared &t 12 manths or older
Human Pegillomavirus 11 0 yrs Routine desing intervals are rmcommended™
Hepatitis A 12 mos & months
. . B weaks
g B

Hepeifia B Birth 4 weeks (and at least 16 wesks after first dose)

Inectiveted Poliovirus® 6 whs 4 weeks 4 wesks & months

Measias Mumps, Rubslls™ 12 mos 4 weaks

3 manths
. if person ks younger fhan ege 13 yeas
Varcslls® 12 mos A weaks
if parscn is aged 13 years or oldar

niversal Tool for Vaccine Schedulin



Problem Description: The Catch-up Guidelines

Catch-up Immunization Schedule for Persons Aged 4 Nonths Through 18 Years
Who Start Late or Who Are More Than 1 Month Behind—United States * 2009

The table below provides catch-up schedules and minimum intervals between doses for children whose vaccinations have been delayed. A vaccine
series does not need to be restarted, regardless of the time that has elapsed between doses. Use the section appropriate for the child's age.

CH-UP SCHEDULE FOR PERSONS AGED 4 MONTHS THROUGH 6 YEARS

. Minimum Age Minimum Interval Between Doses
Vaccine .
for Dose 1 Dose 1 to Dose 2 Dose 2 to Dose 3 Dose 3 to Dose 4 Dose 4 to Dose 5
e 0l : 8 weeks
| Hepatitis B L] Bireh Lo aweeks ) (and atleast 16 weeks afterfirstdose) | ok
Rotavirus? 6 wks 4 weeks | 4 weeks?
Diphtheria, Tetanus, Pertussis® | 6 wks 4 weeks 4 weeks 6 months 6 months?
_ 4 weeks . 4 weeks"®
if first dose administered at younger than if current age is younger than 12 months .
age 12 months ; 8 Wee".‘51 gasfinﬂ dogi{?}“ ) BT#mdaeks l{as final dn{se]
; 8 weeks (as final dose if current age is 12 months or older an !his dose only necessary for
Haemophn‘us 6 wks ¥ e { . ) second dose administered at younger than | children aged 12 months through
influenzae type b* itfirst dose administered at age 12-14 months age 15 months 59 months who received 3 doses
No further doses needed before age 12 months
Vi et | o further doses nocded ’
t
eeeeereeeeererresenemnnesesreredeeeeseeedb ek, Tmenthsorolder .
4 weeks
if first dose administered at younger than 4 weeks )
age 12 months if current age is younger than 12 months ?hm:iEEksl (as final l|°?'3]'
8 weeks 8 weeks This dose only necessary for
6 wks . ; - . children aged 12 months through
5 (as final dose for healthy children as final dose for healthy children -
Pneumococcal if first dose administered at age 12 montels of tif current age is 12 months or older' 59 months who received 3 t{ioses
older or current age 24 through 59 months before age 12 months orfor
No further doses needed high-risk children who
No fu I‘t_h&l’ IdDSES I'IE&Id.Ed for healthy children if previous dose 3 doses at any ag
for healthy chlldr;f if flrsﬁ dose Iz:jdmmls‘tered administered at age 24 months or older
at age 24 months or older
Inactivated Poliovirus® 6 wks 4 weeks 4 weeks | 4 weeks®
Measles, Mumps, Rubella’ | 12 mos 4 weeks |
Varicella® 12 mos 3 months
Hepatitis A? 12 mos 6 months
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Problem Description: The Recommended Adult Schedule

Recommended Adult Immunization Schedule
UNITED STATES - 2010

Note: These recommendations must be read with the footnotes that follow
containing number of doses, intervals between doses, and other important information.

Figure 1. Recommended adult immunization schedule, by vaccine and age group

VACCINE + AGE GROUP» 19-26 years 27-49 years 50-59 years 60-64 years =65 years
Tetanus, diphtheria, pertussis : : . : Td booster
{Tdﬁdap]‘-'p P | Substitute 1-time dose of Tdap for Td booster; then boost with Td every 10 yrs | E every 10 yrs
Human papillomavirus (HPV)> [3 doses (females)|
Varicella: | 2 doses |
I
Zoster' | 1 dose |
I
|
Measles, mumps, rubella (MMR):- | 1 or 2 doses | | 1 dose |
I | [
| I |
Influenza®" | 1 dose annually |
I I [
[ | |
Pneumococeal (polysaccharide)* | 1 or 2 doses | | 1 dose |
[ [ I
[ | |
Hepatitis A2 | 2 doses |
] | | [
| | I |
Hepatitis B~ | 3 doses |
I | [ |
[ | | |
Meningocosccal' | 1 or more doses |
| | | |
*Coverad by the Vaccing Injury Compansafion Program.
Far all parsons In this category who meet the age Recommanded If some other risk factor s I:I No recommendation
requirements and who lack evidence of Immun: present (e.0., on ihe basis of medical,
{e.0., lack documentation of waccination or have occupational, lifestyle, or other Indications)

no evidence of prior Infection)
Raport all citnically significant postvaccination reactions to the Vaccine Advarse Event Reporting System (VAERS). Raporting forms and instructions on fling & VAERS raport are avalizbia at www.vaers.nhs.gov or oy
telaphona, B00-B22-7067.
Intormation on how to fla & Vacoine injury Compensation Program clzim |5 avaliable at www.nrsa.govvaccinecompensation or oy telephona, B0-338-2382. To flle a clalm for vaccing Injury, contzct the U.S. Court of
Federal Claims, 717 Madison Placa, N.W., Washingion, D.C. 20005; telephone, 202-257-6400
Anartional information about tha vaccines In this schedule, extant of avallabie data, and contraindications Tor vaccination 15 also avallable at www.coc.gov/vaccings of from the COC-INFO Contact Center at
BOO-CDC-INFO (B00-232-4636) In English and Spanish, 24 hours a day, 7 days a weak
Use of trade names and commerclal sources 15 for [dentification only and does not Imply endorsement Oy the .S, Daparimant of Health and Human Services
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Problem Description: The Recommended Adult Schedule (Cont.)

Figure 2. Vaccines that might be indicated for adults based on medical and
other indications

Asplenla®
Immuno- HIV Dlabetes, Inclugin
compramising | Infections=ot | neart diseasa, ‘ralm:tl*-lral'1 ulr:g[.sullg;g”lg:]‘:il
conditions chronic splenactom Chronic lver Haalth-care
INDICATION » PIEQnancy | .oyciwging numan| C04+ T IyMPRO- | jung gisease, anpn purslsluﬁl disease ri'::ff"dl personnel
Immunodeficiency|  CYie count chronlc complament ngmnuﬂu 515
virus [HIVIp<s |~ | aleoholism component ¥
VACCINE v :;lls;uL callsipL deficiancles)
I?;?,F;:af,l_'.phlhe"a’ pertussis | Td | | Substitute 1-time dose of Tdap for Td booster; then boost with Td every 10 yrs |
T ; T T T I T
| | | | | |
Human papillomavirus (HPV)=" | 3 doses for females through age 26 yrs |
| | [ [ | |
| | | | |
Varicella®* Contraindicated | 2 doses |
I I | |
| | | |
Zoster' Contraindicated | 1 dose |
[ [ | |
[ [ | |
Measles, mumps, rubella (MMR)s- Contraindicated | 1 or 2 doses |
[ I I |
I l l I I l 1 dose TI
Influenza®" | 1 dose TIV annually | L or LAIV
I I g I I I I annually
Pneumococeal (polysaccharide) = | 1 or 2 doses |
I [ i [ I I | |
| | i | | | | |
Hepatitis A*' | 2 doses |
| [ i [ I I | |
| | i | | [ | |
Hepatitis B | 3 doses |
| [ ; [ I I | |
| | ; | | [ | |
Meningococecal™” | 1 or more doses |
| | ; | | | | |
* Coverad by the Vaccine Injury Compensation Program.
For all persons in this cateqory whio maat the age “ﬂtl]I'I'II'I'IEHﬂBI] I soma Ill]'lﬂl risk tactor = WO recommendation
raquiremants and who [ack evldanca of Immun S!I'Iu[ﬂ .0.. on the bazls of medical, I:l
{e.0., lack documentation of vaccination or have (IC[:I]FI& nal, llestyle, l]l nﬂwr |I1ﬂ|['.&l|l]l'l8|-

no avidence of prier Infection)

Thasa schedulas Indicate the recommendad aga groups and madical indlcations for which adminlstration of currently lcansed vaccines s commanly Indicated for adults ages 19 years and older, as of January 1, 2010.
Licenzad combination vaccines may be usad whanever any componants of the combination are indicated and when the vaccines othar componants ara not contraindicated. For oatalled recommandations on all vaccines
Inciuding those wsed primarily tor travalers or that are [Eswed during the year, consult the manutacturars” package Inserts and the complata statemants trom the Advisory Committaa on Immunizztion Practices

(W COC. ] OWVaCCines  pub s acip-kst.hitm)

Tha recommendations In this schaduls were approvad by the Genters for Disease Control and Prevemtion's (GDC) Avisory Falln’ S—
Committes on Immunization Practices (ACIP), the American Academy of Family Physicians (AAFP), tha Amarican College of i {( DerFaRTMENT oF HEALTH AnD HumMan SERVICES 'ﬂ:{ id
"’\

S R

Obstetricians and Gynecologists (AGDE), and the American College of Physicians [AGF). CENTERS FOR DISEASE CONTROL AND PREVENTION L5




Problem Description: The Recommended Adult Schedule (Cont.)

e

other indications

Figure 2. Vaccines that might be indicated for adults based on medical and

Asplenlat2
Iimmuno- Dlabetes, {Inclading
v Kidney fallurs,
compvomlllng Inlaclron’-"-" heart diseass, alective sno-slugn renal Healtn-
INDICATION » Fragnancy (ucﬁ::?rl:gwnnu‘man C04+ T lympho- Iun;n;?:"slgu. a:l‘:inp’;eri::?n‘;l cnﬁﬂ%:?e’ ,:"‘.':fﬁ' P‘:’!OI‘!’:I‘O‘I.
Immunodeficlency  C¥te count chronic complemant B e o
virus [HIV)) == 5200 alcoholism component ¥
VACCINE + c:lumL colspL deliciancles)
Totanus, diphtheria, pertussis | | S iBettute 1-time dose ol Tdap forTd boosier: then boost with Td every 10 yra |
(Td/Tdap) T : T T T T
1 | d | |
Human papillomavirus (HPV)2.* I 3 doses for females through age 26 yrs |
| | 1 L | |
: 1 1 I 1 1
Varicella3. Contraindicated [ 2 doses |
e ——
Zostert Contraindicated [ 1 dose |
e e e—
Measles, mumps, rubella (MMR)5.* Contraindicated | 1 or 2 doses |
| 1 1 |
2 1 I Ik 1 1 1 dose Tl
Influenza®. | 1 dose TIV annually J|[ or uuv‘j
[ } [ } [ annually”
Pneumococcal (polysaccharide)”.8 || 1or2 doses |
1 3 | 1 1 ] |
1 H | { 1 | |
Hepatitis A%." | 2 doses I
| | | | | |
| | | | | |
Hepatitis B10.* | _ 3 doses |
T T 1 I I I
1 1 1 1 | | |

Meningococealll®

1 or more doses

| |

“Coversd by The Vacone Injry Compenzation Program.

For all parsons In this catego
reqairements and who lack evidenca of Immun
.q., lack documentalion of vaccination or have

(e
no

who mesl the age

Idence of prior infection)

Recommendead If some other risk factor 1z
present (6.9., on the basls of medical,
occupational, Iitestyls, of other Indications)

|:| No recommendalion

Thass schaaues Indcate the recommended age groups and medcd Indications for which administration of cumently licznsed vaccines Is commaenty Indicated for adults ages 12 years and 0bder, as of January 1, 2008,
Ucensed combination vaccines may be usad whenever any componants of the combinaticn ars Indicated and when he vaccings other compenants ara not coatraindicated. For datallkd recommendathns cn all vaccines,
Including theee used primanily ¥or travelers of that are Issuad during the year, consult the manutacturers’ packad= inssrts and the complede statements from the Advsory Committes ca Immunizaticn Practicas

{www.032 QowvaCtines pube/acip4ist.htm).

The recommendations In this schedule wera sppeoved by the Cantars for Diseass Control and Prevention’s (CDC) Adwisory
Committee on Immunization Practices (ACIP), the American Academy of Family Physicians (AAFP), the American Callegs of
Obsteticlans and Gynecologlsts [ACOG), and the American College of Physiclans (ACP).

DerartmenT or HeawtH ano Human Services
CENTERS FOR DISEASE CONTROL AND PREVENTION

x
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Problem Description: Causes of Untimely Vaccination

Possible reasons for incorrect and untimely vaccination of adults 8:

never vaccinated as children

new vaccines which were unavailable during childhood
fading immunity

higher susceptibility to some diseases with age

changes in medical condition, work environment, and lifestyle

8 CDC. 2010. Adult Immunization Schedule. National Centers for Immunization and Respiratory Diseases. URL:
http://www.cdc.gov/vaccines/recs/schedules/adult-schedule.htm.
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The Catch-up Scheduling Problem

Paradigm

Given past vaccination history, each remaining dose that can be
feasibly administered and not contraindicated must be scheduled.

Feasibility requirements:
*  Minimum and maximum age requirement for each dose of each

vaccine.

« Gap between (not necessarily successive) doses of the same vaccine
must not violate the minimum allowed. This gap may vary by vaccine,

dose, current age and/or age at which pervious dose is administered.

« “Live-virus” vaccines may be administered during the same visit or at

least 28 days apart.
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The Catch-up Scheduling Problem

Paradigm

Given past vaccination history, each remaining dose that can be
feasibly administered and not contraindicated must be scheduled.

Possible contraindications:

 The previous dose is administered at an age that no longer warrants

further vaccination.

« The current age no longer warrants further vaccination.

Example (Contraindicating PCV)

The second dose of PCV is deemed final if the first dose is administered after age 12
months or the current age is 24-59 months. In either case, the third and fourth doses
are unnecessatry.

Universal Tool for Vaccine Schedulino 59/45



The Catch-up Scheduling Problem

Paradigm

Given past vaccination history, each remaining dose that can be
feasibly administered and not contraindicated must be scheduled.

Discretionary measures:

« The aggressiveness of catch-up regime, i.e.

Administer when recommended
VS

Administer as soon as feasibly possible

« The maximum number of simultaneous administrations.

« The number of doctor’s visits.
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The Catch-up Scheduling Problem & Machine Scheduling

Machine scheduling Catch-up Scheduling

Similarities
Jobs Vaccine doses
Release and due dates Window for each dose
Number of processors Number of simultaneous

. . The catch-up scheduling problem remains
administrations _
NP-hard:

Separation time between jobs | Spacing between doses . .
P J P g 1. without minimum gap between doses

(Chain) Precedence Doses must be given in and live vaccines,

sequence : :

—— 2. without any maximum age for a dose
Dissimilarities and without live vaccines, and

Processing time Doses can be administered 3. without a limit on the number of

instantly simultaneous administrations.
Typically single objective (i.e. |Multilevel objective:
makespan, tardiness etc.) 1. Maximize completable

vaccination series.

2. Maximize number of
administered doses.

3. Minimize total delay in | J
administering doses.

Typically constant separation |Spacing may vary by age and
times or setup time depends |age any previous dose is
only on previous job given
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The Tool

(" Veccinaton istory ) [ N N

INPUT » SCHEDULER P{ OUTPUT

Vaccine Library / \ DP Algorithm Recommended

/ vmmunization Schedly

o
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The Tool (User Input and [ntarfacal

&, Instant Childhood Immunization Scheduler 2| Birth Date: I'J'Jr'IE j IE? j IEDD?

,Al. oiale

mmunization S
El ',l'eEI'S 0[ qu ”ﬂmE I:-c:-cx:-cx T

Haced an SO07 Chifdhaod imarunizatio r .-"E'-.dr'r'llr'IIS’[EI“ 8% s00n as pDSS”:llE

Scenario:
Birth Date: [june =] [o7 =] [ond & Administarwhen recommendad
Name I xxxxxxxxxxxxx
errerpe P LGB smen 26 e sl ~ur

¢ Administer when recommended

Yaccine Admin Times(dates in MMDDMYY format only) ________ ]
HepB |2 ~] |6/27/2007 |718/07
Rota HepB [z = B/27/2007 |718/07
ODTeP [t -] |3s27/07 —
Hb |1 =] 82707 Fota i =
LY 1 =] |ss27/07 —_—
o DTal [1 ) 8/27/07
Hib |1 B2 02707
PLY 1 - 8427 /07
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The Tool (Vaccine Library)

Example (Vaccine Library File for PCV)

ID Name Live? Num. Doses (’:\Igr:rl;z?;ti
P >
5 PCV No ‘ 4 ) 6

Max Age Rec. Age Rec. Gap to
Dose Min Age Max Age Prev. Dose Next Dose
Min Max Min Max
_>< 1 6w By _ 2m 2m 4w 4w
3 14w Sy 2y 6m 6m 6m 6m

Current Age Age of Prev Dose Min Gap
Next Dose Prev Dose Between Final Dose?
Min Max Min Max Dose
2 1 0 <24m 0 <12m 4w No

2 1 24m 59m 0 8w Yes

3 2 12m 0 8w Yes
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A Dynamic Programming Algorithm

—> Schedule vaccine A
Day t Partial (initial) Schedule N Mgt
— Schedule vaccine A & B

Dayt+1 —> No vaccine scheduled

Dayt+ 2

Dayt+ 3

Universal Tool for Vaccine Schedulino 66/45



A Dynamic Programming Algorithm

—> Schedule vaccine A
Day t | S, |- Partial (initial) Schedule N Mgt
. — Schedule vaccine A & B
! T A " —— No vaccine scheduled
Dayt+1 | (Ts, J(Cs J(CS: J(se )
Dayt+ 2
Dayt+ 3
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A Dynamic Programming Algorithm

5 — Schedule vaccine A
avt e
y | So I, Partial (initial) Schedule S EvEEs e

. — Schedule vaccine A & B

Dayt+1 lX ll 8"2 ][X ][ é; ] —> No vaccine scheduled

Dayt+ 2

Dayt+ 3
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A Dynamic Programming Algorithm

5 —> Schedule vaccine A
ay t | 'S, |- Partial (initial) Schedule schedule vaceine B
—> Schedule vaccine A & B

- —— No vaccine scheduled

oo | (GO0

y \ 4 \ 4 A\ 4 \ 4

payt+2 | (5 )OO G) GGG IG)

Dayt+ 3
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A Dynamic Programming Algorithm

5 — Schedule vaccine A
avt e
y | So |, Partial (initial) Schedule S EvEEs e

. — Schedule vaccine A & B

Dayt+1 l X l LSZ_] [ X ] Lé:l_] —> No vaccine scheduled

payt+2 | (5 ) (X)X (o) (555 (5 ) (56 )

v v v 4
1
N v VY

(3¢ (s | K] Cse
Dayt+3 [3‘;9][5‘30][5‘;1][5;2] [i][_x_][_x_]ti]
3 (%) (%) (5. )

\ 4

(5 ) (5 ) (52 ) (5 )
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A Dynamic Programming Algorithm

<+«—— Min-Gap between doses d; Scheduled dose
<+«—— Delay in administering dose dj Dose to be scheduled

Dominance criteria

Schedule Sy dominates S, if:

1. The number of doses administered in

> Sy is no less than S, for each vaccine,

2. The timing of each critical dose
- critical dose
administered in Sy is no earlier than in

Sy, and

3. The total delay in administering doses in

a e
.
t
l
l
l
l
l
l
-
o

A 4

common is less in S,.

Proposition

If Sy dominates S, then any completion of S, cannot be better than
the best completion of Sy and thus, S, is unwarranted.
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User Input and Interface — Childhood Catch-Up Immunization Scheduler

u| Catchup Immunization Scheduler

-3 Cateh-Op i

\ =% for children six years and younger

Dizclaimer

Hased an P0TE Chitdbhood immunization Sohedule

Birth Date: [ju, ~ 4 = fao ~]

Name |Chid's Name

" Accelerated Schedule
Schedule Type :

ne Schedule

HegB [T =] [ E
Bata [0~
OTaP [1 | [a/z2/2m0  EEH
Hib [1 +] [a/22m0  [HH
B o ]
MME [0 <]
var o <]
Heps [0 |

“Rese
(GzEdchzduly “save

Retrieve Doses
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The Tool (User Input and Interface) — Canadian Immunization Scheduler

;' Canadian Immunization Scheduler

[F=5|Hom| 5

Canadian
Paediatric
Society

] Instructions \ Canadian Immunization Scheduler

Based on the Canadian Nursing Coalition on Immunization, 2004

Name:  Mary Birth Date - |24 ~| [June ~ | |2004

v
J

Province/Territory of Residence: ‘ Ontario

Z ‘

. Doses Dates Administered in Chronological Order (in DD/MM format onl Check below if C h e C k b e IOW 'f
Vaccine Administered (estimated dates are fine) dates unknown

e \ dates unknown
DTaP-IPV/Hib ,3 X 12/08/2004 [ 21/10/2004 [ 31/12/2004 EH

1d o~ \

1 B Z

v 1~ E !
Var o -
MenC [0~
meve [0
Prevc7 [0 -
HPV o+

Calendar Help “ {@‘

/

Province/Terrntory of Residence: |Ontario

Catch-up Scheduling for Childhood and Adult VVaccination



The Tool (Output Charts)

A 1 year old child who is presumed not received any vaccination to date.

Schedule generated for: = *******an QOct 27, 2007 (10/27/2007)
Birth Date: Oct 27, 2006 (10/27/2006)

22

AQE [weeks) Tﬂ'dﬂ'!f

‘ ] ‘ Ll ‘ G54 60 | TG ‘ i ‘ 1040 ‘EUB ‘ M2

|Date (mmiddiyy) [10/27/07 |11/24/07 [12/22/07 [01/18/08 |02/16/08 |04/25/08 |06/21/08 |09/26/08 |10/2210 |10/19/12

s S B

Rota 03

oo o =

PCW
~ EHEMoo o

MMR oD’ oD 212
Var oD’ oD 22
HepA oD’ |UD 22

m - Adminizgtered Do=se - Catch-up Doze 0D - On-time Doze @ - Preemptive Dose

"Dose may be administered anytime during specified interval. However, gap to subsequent doses may
not be valid when administered after first day in interval.
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The Tool (Output Charts)

Scenario 2... cont.

A 1 year old child who is presumed not received any vaccination to date.

Schedule generated for: **#*® *¥®*&X%2% on Oct 27, 2007 (10/27/2007)
Birth Date: Oct 27, 2006 (10/27/2006)

32

Age (weeks) 53 5h 5B &0 g2 64 g2 72 20 25 100 208 32
Today

Date (mmiddhyy) (12707 (1403007 [11/24/07 1 2/08/07 |12/22/07 |01/05/08 04/18/08 |02/16/08 |04/25/08 (05/10/08 |06/21/08 |09/26/08 1002210 1019112
oD s
Rota 03
oTaP oD 55
PV oD 44
MMR oD 22
Var oD 242
HepA (:j-[jﬂr oD 212

m- Adminiztered Dose - Catch-up Doze 0D - on-time Doze m - Preemptive Dose

"Dose may be admimistered anviime during specified interval. However, gap to subsequent doses may not be valid when administered after first day
i interval.
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Decision-support tools - characteristics

1. User-friendly for providers to use on a regular basis

2. Easily modified to accommodate changes to the recommended
schedule

3. Return a user’s recommended immunization schedule quickly
4. Return a recommended immunization schedule that meets all

guidelines and optimizes an individual’s coverage against vaccine-
preventable diseases
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