TB in children SYDREY

Ben Marais
Sydney Institute for Emerging
Infectious Diseases & Biosecurity




Robert Koch 1843-1910

Discovered M. Tuberculosis 1882
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Increasing TB/HIV Burden

Number of TB notifications
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TB notification rate, Estimated
Mo. of TB Population cases/100,000 TB re-treatment prevalence of

Year notifications size pewsa rate, 950 HIV im‘;agion, %
1996 32 5518 580 3 6.3
1997 42 6429 653 21 8.9
1998 67 7339 913 7 116
1999 74 8250 897 20 14.2
2000 a0 9161 982 17 16.56
2001 142 10,071 1410 15 18.4
2002 150 10,982 1366 18 19.9
2003 175 11,892 1472 22 21.1
2004 188 12,803 1468 24 21.9

— —

* P=.007, by test for trend.
®p= 073 by test for trend.

Lawn SD et al. CID 2006; 42: 1040-7



TB - Age & Gender shift
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TB notification rate per 100,000 persons

20-29
Age stralu
2003-2004 369 25949 2824 1856
1996—1997 245 1405 1708

HIV prevalence in 3-49% 0-9y 25% 20-39y
general population:

=

Lawn SD et al. CID 2006; 42: 1040-7



Child TB - Why bother?

- Rare (not true)
Estimated contribution globally 15-20%

Cape Town, SA
ALL TB incidence children 407/100 000/yr (adults 845)

Marais, IJTLD 2006;10:259-63

- Limited disease only (not true)
Autopsy study Zambia, as common a cause of death

as acute bacterial pneumonia
Chintu, Lancet 2002; 360: 985-90

- Pose no transmission risk (not true)

Adolescents frequently as infectious as adults
Marais, PIDJ 2005; 24: 743-44



Lung Disease ldentified At
Necropsy In Zambian Children

Diagnosis HIV positive HIV negative  Odds ratio

N=180 N=84 (95%C.1.)

Pyogenic 41% 50% 0.7(0.4- 1.2)
pneumonia

2004 7% 5.3 (2.1-15.7)

22% 4% 7.7 (2.3-40.0)

Interstitial 8% 18% 0.4 (0.2-0.96)
pneumonitis

Other 24% 16% -

Chintu C et. al. Lancet 2002; 360: 985-90



M.tb 2"d Most Common Pathogen
identified in Children with CAP who
Failled Empirical Antibiotic Therapy

Younger than 1 year 1year or older
Total Infected Exposed uninfected Uninfected Total Infected ; Uninfected
i (n=30) (n=74) (n=9) (n=7) (n=20) (n=13) (n=7)
Pneumocystis jirovecii 29 (32%) 26 35—93{7 3335 a fa o 0
Mycobacterivm tuberculoQQ?%) 13 (18%) (o] 2(29%) 9 (45%) 5(39%) 4 (57%) —
Cytomegalovirus 40 (45%) 37 (51%) D22 0) T(14%) 4 (20%) 3 (23%) 1(14%)
Streptococcus pneumoniae 9 (10%) 7 (9%) 0 2 (29%) 3 (15%) 3 (23%) 0
Staphylococcus aureus 13 (14%) 11 (15%) 2(22%) 1(14%) 6 (30%) 4(31%) 2 (29%)
Other gram positive 6 (79%) 5 (7%) 0 1(14%) 3(15%) 3 (23%) o
Haemophilus influenzae 5(6%) 3 (4%) 1(11%) 1(14%) 4 (20%) 2 (15%) 2 (29%)
Klebsiella pneumoniae 9 (10%) 8 (11%) 1(11%) 0 0 0 0
Escherichia coli 8 (99%) 7 (9%) 1(11%) 0 o o} 0
Salmonella spp 1(1%) 1(1%) 0 (o) 0 1(8%) 0
Legionella spp 1(1%) 1(1%) 0 0 0 0 0
Other gram negative 10 (11%) 8 (11%) 1(11%) 1(14%) 3 (15%) 2 (15%) 1(15%)
Adenovirus 6 (7%) 4 (5%) 0 2 (28%) 3 (15%) 2 (15%) 1{14%)
Respiratory syncytial virus 11 (12%) 8 (11%) 3(33%) 0 2 (10%) 0 2 (29%)

Among children who failed to respond to AB RX:
18% HIV+ / 29% HIV-

<lyr of age: M. tb In
>1yr of age: M. tb In

39% HIV+ [/ 57% HIV-

Table 5. Orgamsrns isolated from children who were mvestlgated for failing to respond by HIV status and age

McNaIIy L et al. Lancet 2007; 369: 1 440-51



Under 5 mortality Kolkata, India
rate / 1000 person yrs by age grp

Cause of <lyr 1-4yrs Rank
death

Diarrhoeal 1.98 0.34 3
diseases

« Verbal autopsy study covering slum areas 29 & 30
« Death surveillance May 2003 - October 2004
Accurate baseline demographic data/numbers small

Kanungo S et. al. Bull WHO 2010; 88: 667-74



/2 Millennium Development Goal 4: Reduce Child Mortality - Microsoft Internet Explorer provided by CHW
@; - I@‘ﬂ hikkp s e, unicef, argfrdgfmortalityrolkimediafindes:. kit

File Edit Miew Favorites  Tools  Help

'il:f' aly @‘.ﬁl' Millennium Development Goal 4: Reduce Child Maortality | |

Millennium Development Goal 4 @ CcAUSES () COUNTDOWN () ACTION

REDUCE CHILD
MORTALITY

Under=Five Under-Five Child Mortality
Child Mortality {f‘lohal distribution of cause—specific mortality among children under
five years of age:

Pneumonia Malaria: 8%  Measles: 4%
. RN MORE P LEARN MORE
. Diarrhoea: 17% el e
Diamrhoos e Ti/A05 3%

Malaria Injuries: 3%

Measles

HIV/AIDS
MNeonatal

Pneumonia: 19%
Under-Nutrition P LEARN MORE

Meonatal: 37%
P LEARMN MORE

Maote: The global distribution of under—five deaths by
cause does not sum to 100% due to rounding.

Source: CHERG estimates as presented in
WHO, Warld Health Report 2005.
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Millennium Development Goals

EXTREME POVERTY ACHIEVE UNIVERSAL
AND HUNGER PRIMARY EDUCATION

REDUCE
CHILD MORTALITY

IMPROVE MATERNAL
HEALTH

Round peg in a square hole
Focus mainly on epidemic control
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« Vaccine preventable diseases,
« HIV/AIDS (PCP, CMV),
« Diarrhoea / malnutrition
Malaria

—All cause mortality
—Tuberculosis

Increased TB transmission

2020



CaII on UNICEF and other global agenues
iInvolved in maternal & child health
(MDG 4 & 5) to take child TB on board
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T cell expansion T cell migration back
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Understanding the
Natural History of Disease
& Determinants of risk

Major transitions
Exposure

v
v

Disease




Arvid Waligren Edith Lincoln

Karolinska, Stockholm New York

o Y




50 -

40

Age-related risk

Immune
compromised

<1

1t02 2to5 5t010

Age iIn Years

10to15

EPTB

B Disseminated



Time-related risk

Immune TR
compromised

0
Infection Months Years

Timeline

Phase of disease

I Hypersensitivity

Il Miliary TB and TBM

Il Lymph node disease / Pleural effusion
IV  Adult-type disease

HIV-infected - PERSISTENT RISK OF REACTIVATION DISEASE



DIVERSITY
OF
DISEASE

Manifestations of
Intra-thoracic TB
INn children
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Complicated Ghon focus
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Fig. 8.—Distribution of the tracheobronchial 1
after W. Snow Miller:

BRONCHUS

ymph nodes. (Semidiagrammatic drawing
The Lung, Springfield, Ill.,, 1937, Charles C Thomas.)




Lymph node disease AP
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Cardiac Catheterization




Lymph node disease Lat




Complicated lymph node disease




TB caseating / expansile pneumonia




Pleural effusion
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Disseminated (miliary) disease



Adult-type disease




Different age-related patterns

Immune
compromised

0 1 2 3 4 6 8 10 12 14
Age In years

Complicated Ghon focus
Miliary TB

Lymph node disease
Pleural effusion
Adult-type disease



INH preventive RX
It works

- Up to 90% TB reduction
with good adherence

- Focus on the most
vulnerable children with

documented close

exposure




WHO - IPT in children

 Close contact with an infectious TB
source case (pulmonary TB)
— All children <5 years of age

— All HIV-infected children
 Likelihood of TB infection is high
* Risk of TB disease progression is high

Asymptomatic for TB — provide IPT

No TST or CXR required prior to commencing



Child in close contact with
case of smear-positive PTB

N

Aged <5 years Aged =5 years
Well Symptomatic® Symptomatic® Well
6H! Evaluate for Mo treatment®
l TE disease l
If becomes \ If becomes
symptomatic symptomatic

*If TB Is suspected, investigate as per guidelines
T unless the child is HIV-infected (in which case INH 6/12)



1B treatment



TB deaths in England and Wales
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Main objectives in TB Rx

Rapidly kill most bacilli
- stop disease progression
- terminate ongoing transmission

Effect cure and prevent relapse (eliminate
dormant bacilli)

Minimal adverse events
Prevent emergence of drug-resistance
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Current First-Line Regimen

Percentage organisms killed

Bacterial ilisi
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Early Bactericidal Activity

Drug EBA

Isoniazid 0.5-0.6
Rifampicin 0.2
Ethambutol 0.2
Streptomycin 0.04

Pyrazinamide 0.004

Peter Donald




Dose related response of INH

Donald PR et al. Am J Respir Crit Care Med 1997; 156: 895-900
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EBA (Fall in logl@ CFU/ml

Isoniazid PK vs EBA
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2-hr INH concentration vs. dose.

concentration associated with the EBA9O is 2.2 ug/ml
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Doses of 1st-line TB drugs

Drug Recommended daily dose in mg/kg
Previous New

Isoniazid (H) 5 (4-6) 10 (5-15)

Rifampicin (R) 10 (8-12) 15 (10-20)

Pyrazinamide (Z) 25 (20-30) 35 (30-40)
Ethambutol (E) not given 20 (15-25)
Streptomycin (S) 15 (12-18) 15 (12-18)?



by | THE

%) |STOP TB
DEPARTMENT

Drug resistant TB

MDR TB - resistant to at least INH and RMP

XDR TB — MDR with additional resistance to
any fluoroquinolone AND any second-line injectable
(amikacin, kanamycin, capreomycin)

TB with any

: MDR TB @olz81)=
drug resistance

(DC



ETH & INH cross resistance

KatG | EthA

/ INH resistance ETH resistance

Usually high-level

INH resistance InhA INH & ETH resistance
\ Usually low-level

INH resistance

Mycolic acid
synthesis

Schaaf HS et. al. IJTLD 2009



Discovery of TB Drugs

1952 1955 1960 1963
Isoniazid Cycloserine Ethionamide Capreomycin
1oazr M 1954 1957 1961 1982 1996 2005
Streptomycin | Pyrazinamide | Kanamycin | Ethambutol Ofloxacin Moxifloxacin ~ TMC-207
(S) (2) E) 1992 2000
1951 1963 Gatifloxacin | PA-824
1P%88 Thiacetazone Rifampicin 2006
(R) OPC-67683
|
- ¥V VY )/

1940

2010s — Potential New Regimen
1960s — PAS replaced by E: S/H/E 2-4 months, oral therapy?
18 months of therapy

1952 - First regimen: S/PAS/H 1980s — S replaced by Z: H/R/Z/E
24 months of therapy 6-8 months , oral therapy

1946 — First randomized trial : S 1970s — Addition of R: S/H/R/E
Monotherapy led to S resistance 9-12 months of therapy

Development of Regimens

Ma Z et al. Lancet TB series 2010




Multiple Targets

PA-824
OPC-67683
Bio-
reduction
! DNA
(S:\?l:;x\gils Reactive
Species
o SQ109 N\ P

ADP | ATP
Peptide
/

ATP Synthase
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DNA Gyrase

Gatifloxacin

Moxifloxacin
p p— RNA

P

) Polymerase
é Rifapentine

MRNA

Ribosome
Linezolid
PNU-100480

Ma Z et al. Lancet TB series 2010
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