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@ iNTS epidemic in sub-Saharan Africa
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non-typhoidal Salmonella (NTS)

e foodborne disease - animal/food reservoir

@ mild symptoms: diarrhea, fever, stomach cramps
— self-limiting, recover in 4 ~ 7 days without treatment

Photos from https://www.cdc.gov/salmonella/
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@ Salmonella: bacteria, > 2500 serotypes, ~ 100 cause human infection
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invasive strain (iNTS) in sub-Saharan Africa

fever
@ blood-stream infections o
@ non-specific symptoms 2510/em|a
. . H x 0
— close to pneumonia and malaria ~ Pnheumonia gz
hard to di 60% child R /
— hard to diagnose o el

. . . splenomegaly
@ with proper diagnosis and 30~45%
antimicrobial drugs

high case fatality 22% - 47% diarrhoea
20-50%

S hepatomegaly

15~35%

Clinical features for iNTS in Africa.

Feasey, NA et al “Invasive non-typhoidal salmonella disease: an emerging and neglected: tropicall disease-in Africa” Lancet 2012

Zhuolin Qu (UT San Antonio) iNTS Modeling 2 /14



invasive strain (iNTS) in sub-Saharan Africa

fever
@ blood-stream infections o
@ non-specific symptoms 2510/em|a
. . H x 0
— close to pneumonia and malaria ~ Pnheumonia gz
hard to di 60% child R /
— hard to diagnose o el

. . . splenomegaly
@ with proper diagnosis and 30~45%
antimicrobial drugs

high case fatality 22% - 47% diarrhoea

hepatomegal
20-50% P galy

15~35%
Clinical features for iNTS in Africa.

Why does the pathogen become so virulent?

Feasey, NA et al “Invasive non-typhoidal salmonella disease: an emerging and neglected: tropicall disease-in Africa” Lancet 2012
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Risk factors: immuno-compromised population
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Feasey, NA et al “Typhoid Fever and Invasive Nontyphoid Salmonellosis, Malawi and South Africa.” Emerg Infect Dis. 2010
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Risk factors: immuno-compromised population
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Adults (25 ~ 40 years old)
@ advanced HIV infection 22%
@ antiretroviral therapy (ART) 64%

- 175-388 cases/100K children

Feasey, NA et al “Typhoid Fever and Invasive Nontyphoid Salmonellosis, Malawi and South Africa.” Emerg Infect Dis. 2010
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Children
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Adults (25 ~ 40 years old)
@ advanced HIV infection 22%
@ antiretroviral therapy (ART) 64%

@ HIV infection (maternal) 2% - 2000-7500 cases/100K HIV adults
- 175-388 cases/100K children

human reservoir for the invasive NTS — human-to-human transmission

Feasey, NA et al “Typhoid Fever and Invasive Nontyphoid Salmonellosis, Malawi and South Africa.” Emerg Infect Dis. 2010
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© Staged progression models for iINTS
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Staged progression models for INTS Model formulation

Staged progression model with treatment
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Staged progression models for INTS Model formulation

Staged progression model with treatment
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Staged progression models for INTS Model formulation
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Staged progression models for INTS

Define progression rates using branching process

Branching probabilities: Pyy + PHr + Pra + P2 =1

Zhuolin Qu (UT San Antonio)
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Staged progression models for INTS Model parametrization

Define progression rates using branching process

Iyt

Branching probabilities: Pyy + PHr + Pra + P2 =1
Time spent in stage: Ty
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Incorporating different risk groups
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- Children < 5 years old
- Adults 25 ~ 40 years old (HIV-infection status)

Feasey, NA et al “Typhoid Fever and Invasive Nontyphoid Salmonellosis, Malawi and South Africa.” Emerg Infect Dis. 2010
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Incorporating different risk groups
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- Children < 5 years old
- Adults 25 ~ 40 years old (HIV-infection status)

e HIV— adults
o HIV+ adults, with ART: asymptomatic 1 incidence 1
e HIV+ adults, w/o ART: asymptomatic 171 incidence 11 case fatality 11

= 4 population groups, 8 infection stages

Feasey, NA et al “Typhoid Fever and Invasive Nontyphoid Salmonellosis, Malawi and South Africa.” Emerg Infect Dis. 2010
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Staged progression model (group K =1,...4)

S* = p (S5 — 5%) = A°S" + v R*
IF = NS" 4+ 45 A% — (9 + ) It — ™ IT,

I = A0 1T = (Ve + Yia + i) e — 15 I,
15 = A I + 517 — (v + ¥ 15 — pI5,
I = oI5 — (Vien + Viep + Yae) Iher — 55,
AF =g Iip + Y I — i A® — pF A",
R™ = yjip Ier + Vi Ier — s R — "R,

D™ =515 + vl
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Staged progression model (group K =1,...4)

S* = p(S§ — 5% Vrs R
It =[S 5 AT — (g + i) IE - eI,
Ir = If — (Vi + Viia + ) T — 1" T,
I§ = v i + Iy — (v + )15 — ut 15,
I =I5 — (Vn + Yoo + Ya) e — 0I5,
AF = I + v I — 5 A® — pr A",
R™ = yjip Ier + Vi Ier — s R — "R,
D =I5 + v,

Sl I A
N

Force of Infection: \* = c" g~
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Staged progression model (group K =1,...4)

5" JutSy = SIS} viis R”

Iy ST v, A — (5 + ) I [T
Ifgp =5 IF — (Vin + Yia + i) T~ T
15 = i Ty + BIT — (vip + )15 —[etI5
I =15 — (Vin + vip + Vi) Iner —| Thr
AF = I+ v I — v AT _
R = 3jip Lrr + e Ihor — vis RE — R}

D" =I5 +viipIirrs

Migration: = natural mortality rate 4+ aging in/out
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Staged progression models for INTS Model analysis

Basic reprod uction number (One infected case — ? secondary cases)

Using the next generation matrix approach...
Ro is a weighted average:

4

Sl*i
Ry := Zﬁz RE

k=1
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Staged progression models for INTS Model analysis
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Staged progression models for INTS Model analysis

Interpretation R for subpopulation

Given one infectious person (group k), he/she spends...
71 time in stage /°

Prs

K K . " K . e " . . K
< T+ PiTH+ (Pﬁ + P1HP§2)T2 + (PfHPEA + Pru PhoPivPria + PﬁP;MPI';IA)TA
1 — P, (P Pf o + Py Piio Piv Py a + PloPs Phia)

Ry =c"p

o TE + Prob (I — 1) 15 + Prob (If — 15) 74 + Prob (If — A®) 15

=cp 1— Prob(If — A%)P%,
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Staged progression models for INTS Model analysis
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Staged progression models for INTS Model analysis

Interpretation R for subpopulation

Given one infectious person (group k), he/she spends...
+Prob (IfF — 15) T4 time in stage I}

Prs

PrN
Pun 2
HN,"’PIIR
IHT Ppa
_ Q\\A ﬁ P2Nx4
S HT? e [ h:MT?v Pap
~ - ]
Pay N

numerator = infectious time in one cycle= (R§)<l
o T1 4 Prob (I — If) T8 + Prob (If — 15) 75 + Prob (If — A®) 15
1— Prob(If — A®)P%, Probability of next cycle = P

Ry = c"f
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Staged progression models for INTS Model analysis

Interpretation R for subpopulation

Given one infectious person (group k), he/she spends...
Total infectious time = sum of an infinite loop
Prs

numerator = infectious time in one cycle= (R§)<l
o T1 4 Prob (I — If) T8 + Prob (If — 15) 75 + Prob (If — A®) 15

Ry ="
0 g 1— Prob(If — A®)P%, Probability of next cycle = P
. K\cycle
Summat!on Of. (RS)C‘YCIS +P,'; (Rg)cycle 4. .+(P’r;)n—1(RS)cycle 4= (RU) .
geometric series: 1-P5

————
1st cycle 2nd cycle n-th cycle
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Numerical simulations

Baseline simulation (Siaya County, Kenya)

Infected population by groups

9 T T
= 600 r P) ’G\ —=HIV-
g I Q... HIV+ART
= @ HIV+no ART
£ 400+ g -©-Children
3 %e
= <] "6-0-
B 200
g0 @
2 d
g o
7z, 0lesasaas
0 1 2 3 4 5 6 7
Years

8

Accumulative deaths

«10* Disease-induced deaths

e HIV-

o |+ HIV+ART
HIV+no ART
| *©-Children g“

L sppgEumssEEsEsEEsEEEE

L0

o 1 2 3 4 5 6 7

Years

8

The child group has the worst disease outcome: most infected cases (left)
and deaths counts (right) among all the population cohorts.
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Driving force of the epidemic?

Ro = 1.08 Ry | Iu Iyt I A
HIV- adults 0.03 | 5x107% 3x107%  0.02 -
HIV+ART adults 0.77 | 0.10 0.06 0.37 0.24
HIV+ no ART adults | 8.47 | 0.41 0.25 1.50 6.31
Children 1.35 | 0.25 0.37 0.74 -
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Driving force of the epidemic?

R() - 108 Rg Il [HT IQ A
HIV- adults 003 | 5x1073 3x107% 0.02 -
HIV+ART adults 0.77 | 0.10 0.06 0.37 0.24
HIV+ no ART adults | 8.47 | 0.41 0.25 1.50 6.31
Children 1.35 | 0.25 0.37 0.74 -

© 200 Infectious population by stages 50OOTime—weighted infectious population
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g «« HIV+ART + ] 1000 *** HIV+ART
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Driving force of the epidemic?

R() - 108 Rg Il [HT IQ A
HIV- adults 0.03 [ 5x1073 3x107%  0.02 -
HIV+ART adults 0.77 | 0.10 0.06 0.37 0.24
HIV+ no ART adults | 8.47 | 0.41 0.25 1.50 6.31
Children 1.35 | 0.25 0.37 0.74 -

© 200 Infectious population by stages Time-weighted infectious population
e — HIV- o < 200 HIV-

g «= HIV+ART 3 ] «=: HIV+ART

2150 |-& HIV-no ART 240007 . HIVino ART
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3 = 3000

£ 100 o
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° =

g 50 = 1000 r
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The HIV+ without ART adults are the driving force of the epidemic.
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Potential mitigation strategies
Sensitivity analysis

@ vary the parameter of interest (POI)
— impact on the quantity of interest (QOI)

Sensitivity index: S 3

b q
— L 5 S
% Model ASEx 2%
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Numerical simulations

Potential mitigation strategies

Sensitivity analysis

@ vary the parameter of interest (POI)
— impact on the quantity of interest (QOI)

Sensitivity index: S g

p q
— > Model ——>
N x% ASpxx%
Normalized sensitivity indices
QOI1 R Asymp. no-ART Peaking Total infect. Total infect. Accum.
POI 0 adults (peak)  time at peak at endemic deaths
OMN 0.53 5.84 —5.94 10.86 7.12 7.67
OART —0.56 —7.59 5.01 —9.98 —6.70 —7.25
OHIV 0.39 5.21 —3.54 7.18 4.88 5.20
oMA 0.07 0.82 ~1.24 1.52 1.00 1.07
OMAT 0.04 0.43 —0.42 0.81 0.53 0.57
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Potential mitigation strategies
Sensitivity analysis

@ vary the parameter of interest (POI)
— impact on the quantity of interest (QOI)

Sensitivity index: S g

p q
— > Model ——>
N x% NSy xx%
Normalized sensitivity indices

QOI1 R Asymp. no-ART | Peaking Total infect. Total infect. Accum.
POI 0 adults (peak) | time at peak at endemic deaths
OMN 0.53 5.84 —5.94 10.86 7.12 7.67
oarT |-0.56 -7.59 5.01 —9.98 —6.70 —7.25
Coverage of ART 5.21 —-3.54 7.18 4.88 5.20
for HIV+ adults 7 0.82 —1.24 1.52 1.00 1.07
opmar | 0.04 0.43 —0.42 0.81 0.53 0.57
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Potential mitigation strategies
Sensitivity analysis

@ vary the parameter of interest (POI)
— impact on the quantity of interest (QOI)

Sensitivity index: S g

p q
— > Model ——>
/.I’% /S[J Xﬂf%
Normalized sensitivity indices

QOI1 R Asymp. no-ART |Peaking Total infect. Total infect. Accum.
POI 0 adults (peak) | time at peak at endemic deaths
OMN 0.53 5.84 -5.94 10.86 7.12 7.67
Preval. of malnutritution —7-59 5.01 —9.98 —6.70 —7.25
among children 5.21 —3.54 7.18 4.88 5.20
oMA 0.07 0.82 ~1.24 1.52 1.00 1.07
OMAT 0.04 0.43 —0.42 0.81 0.53 0.57
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Staged progression model for iINTS

. T+ Prob(If — I5,)TE + Prob (IF — I5)Ty + Prob (If — A™)T4

Rg - ﬂ K K K
1 — Prob(If — A®)P%,

o Infe(,ted populdtmn by groups _ Time-weighted infectious population Children (< 5yo) :
2.600) 60, | nwv- L T i i

g £ e[ T anr % oo = MVenrr - highest disease burden

5 HIV+no ART HIV4no ART iti

—53400 .:p b e HIV-a0 — reduce malnutrition
E o. 000 2 3000
Sl Z 2000 HIV+no ART adults (25~40)
; 5 £ ] )

B o 2 o0 - asymptomatic carrier
K E S . .
N 2 P A - driving force of epidemic
S0 1 2 03 4 05 6 o7 8 T 0 G — improve ART coverage

Years L Iyt I A

Slides & preprint available at zhuolinqu.github.io
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