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Global Burden of Tuberculosis
Estimated Incidence, Prevalence, and Mortality by Country

e To estimate the risk and prevalence of Mycobacterium tuberculosts (MT8)
intection and tuberculosis (T8) incidence, prevalence, and mortality, including disease
attributable to human immunodeficiency virus (HIV), for 212 countries In 1997.

Mario C. Ray
for the WHO €

and Monit

HE MOST RECENT PUBLISHED
estimates of the global bur
den of tuberculosis (TB)'*
are based on data available

up to 1990 and, with 1 exception,’

give figures for regions of the world
rather than individual countries. The
magnitude of the tuberculosis prob-
lem has changed since 1990, due to
changing control practices, spread of
human immunodeficiency virus

(HIV), and population growth. As an

interim measure, the World Health

Organization (WHO)® published a

revised set of estimates for 1996,

obtained by scaling carlier World

Bank’ estimates 1o 1996 population

sizes. A more thorough review is

needed 1o take account of nearly a

decade of change in TB cpidemiology

and to accommodate new data

Our main aim was to estimate risk
and prevalence of Mycobacterium
tuberculosis (MTB) infection and TB
incidence, prevalence, and mortality
for 1997, The results are the fullest
and most up-to-date assessment we
can currently make of TB burden by
country, by region, and globally

They define the magnitude of the

global TB control problem for use in

assessing present control efforts and

See also Patient Page.

©1999 American Medical Association. All rights reserved

1997

A panel of 86 T8 experts and epidemiologists from more than 40 coun-
tries was chosen by the World Health Organization (WHO), with final agreement be-
ing reached between country experts and WHO staff

Evidence Incidence of B and mortality in each country was determined by (1) case
notification to the WHO, (2) annual isk of Infection data from tuberculin surveys, and

@ of P P Yy from pe Y
Estimates derived from relatively poor data were strongly infiuenced by panel mem-
ber opinion. Objective estimates were derived from high-quality data collected re-
cently by approved procedures.
Consensus Process Agreement was reached by (1) participants reviewing meth.
ods and data and making provisional estimates in closed workshops held at WHO's 6
reglonal offices, (2) principal authors refining estimates using standard methods and
d

all , and (3) country exps
reaching final agreement with WHO staff.
Conclusions n 1997, new cases of TB totaled an estimated 7 96 million (range, 6.3
milion-11.1 million), Including 3.52 million (2.8 millon—4.9 million) cases (44%) of
Infectious pulmonary disease (smear-positive), and there were 16.2 million (12.1 mélion-
22.5 million) existing cases of disease. An estmated 1.87 million (1.4 million-2.8 mi-
ple died of T8 and the global case fatality rate was 23% but exceeded 50%
in some African countries with high HIV rates. Global prevalence of MTB infection was
32% (1.86 billion people). Eighty percent of all incident T8 cases were found In 22
countries, with more than half the cases occurring in 5 Southeast Asian countries. Nine
of 10 countries with the highest incidence rates per capita were In Africa. Prevalence
of MTB/HIV coinfection worldwide was 0.18% and 640000 inddent TB cases (8%)
had HIV Infection. The global burden of tuberculosis remains enomous, mainly be-
cause of poor control in Southeast Asia, sub-Saharan Africa, and eastem Europe, and
because of high rates of
JAMA. 199,282 €7

provide a baseline from which to  * prevalence of infection (via tuber-
forecast and measure impact of con-  culin surveys), giving estimates of the

trol cfforts. annual risk of infection (ARD), and an-

nual rate of decline in ARI;
METHODS
Data and Methods of — .

Aathor Afllaions: Commaricabie Dieases Preven:
For all countries, Participants re-  son e Carirel workd Heath Organzation, Genevs,
viewed available data on g S S,

* case notifications (all forms, pul- S TE0 1% 901 e PR o e T

monary, smear-positive, extrapulmo-  the end of s artil
nary) and case detection ratc, includ- ~ Comsponding Authorsnd Repins:. st e
ing evidence for overreporting and 0 e e
underreporting Switzertand (e-mat dyecowho ch)

A, Augus 1

X

® £Fk : 32%
e h[FE : 36%

PLOS | ueoicine

RESEARCHARTICLE
The Global Burden of Latent Tuberculosis
Infection: A Re-estimation Using
Mathematical Modelling

Rein M. G. J. Houben** Peter J. Dodd®

1 TB Cene, Lnckn London, Urted
Kinghen 2 X Tropics
Mo 3 Urvraty d Srethdd
Shefield tiedKingeom
* BenHatenR Min.aGk
Abstract
Background
G orenaccess
The existing estimate of the global burden of latent TB infection (LTBI) as “one-third” of the
Otaon: e PAG Do 1 2016) Toe Tl as partof the
Gloal Burden of Latert Tubertussis Infocten: A P! o pant
End g TB by 2050,

Lot Med 13(105 #1E152 010,137V parmal
et 1002152

standing, and prograss in T8 contro, s important 10 ro-assass the global burden of LTBI.

r it Uity Methods and Findings
Gifna o Francsce, UNTEDSTATES
Receimd: Agr %, 216 5 1934and

: 2014 using a combination of direct estimates of ARI from LTBI surveys (131 surveys from
ot Sopurio 4 20% 195010201 Organisation
Publishe Ot 25,2016 posi from 199010 2014,
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Sereuton cins, wheh of individuals infected,
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—— witin2 strains
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12014, the LTB was 23,0% intorval [UT]: 20.4%-
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ks, 03500 10900k, F AR OROR !

Pactic. and Atica of
those with LB, Prevalkence of recont infoction was 0.8% (95% UL 0.7%-0.9%) of the
5(95% Ul 48.2-63 o
high Rk of TB diseass, of which 10.9% (85% UI:10.2%~11.6%) was isoniazd-resstant
Current LB alone, assuming no addtional infections from 2015 onwards, wouldbe.

at 0 campeteg vt et

16.5 per 100,000 per 1 and
8.3 por 100,000 par yoar in 2050.

PLOS Medicine | DOI10.1371 foumal pmed 1002152 October 26, 2016,

2014
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Fig 2. Global map of prevalence of latent TB infection. Median estimated population prevalence of latent Mycobacterium tuberculosis infection by
country, 2014.
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O MTBA R way 2 % s, & EART, FELREHRMMBAELR L ERIHE LR KF
5%

O sHi& R A a4k A5 5H3TRVIAF 28 rb 35 & I % #SNPAe3G N4k 2k i B, AAMTBH 4
W AEEERT %5

O MTB#) R Tk %24 40.3~05% T/ F /4% (20174)

O vz —30 & k£ «PLO0S Pathogens» 2t & L &9 8 50 & A3k & 696285 4k 45 4% 0 B AT
H 05 THAART T RAFIMTBE) 5 T 4712 525 540.04~2.2 K T/ R F 4/ (2019
)

O 7 R 4MTB# 2 69 5 F4h it 5 4 AJK L9 TR

NCBI# 3% & M 3t :
https ://www.ncbi.nlm.nih.gov/genome/166?genome_assembly_id=159857
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L. BUREETHROATFNEZD SATRAEVHETR

LU, BUREEZENELXREN

2015 RERFE | 2016FRELRFE | 2017HRELRFE | 2018 & KK E
(/107) (/107) (/107) (/107)
ST

67.83 60.83 61.28 66.10
= LU 86.02 101.03 95.20 100.44
AL 45.26
EagEs 59.27

B 7R G N T 285 0E . B (74.4%) . 4 N (55.6%) . IXE(99.3%).
AHEJE [ (94.4%) « KR K(79.4%) . 1K2%)1(85.6%)

WA 254 00 BORF T AL SR A LA S TIUE SR o —
2 H RS 3 DA S B A T 48 0 T 422 6 o
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B A SR T Fem 7K7ﬁ\ﬂbhf|§ /:%ﬂ—'@%’/l/é i B A% 0A 5 IR H L X

People's Republic of China

A 3L & H =

1 : 5400000

Zhejiang Province
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908 culture-positive cases with WGS
data during 10 April 2015 to 10 July 2021

o| 126 failed sequencing reads quality control,
"] including NTM and contaminated cases

191 failed alignment quality control,
» including cases with insufficient alignment
depth and coverage

—DI 59 lacked epidemiological data

A 4
532 (58.6%) cases with qualified WGS
data
» 407 genomic-unique cases
A 4

127 (23.9%) genomic-clustered cases

Figure 1. (A) BT HEAREIEEL.
mER, BT PEREIHTX.

RER — ITWEWLMTBERRIA OISIE

People's Republic of China

" O 2015447108 /202147 710
N T AL ) 908
MTBIIS A& B 4 it 47 4 Ak B 48] /5
% O zHHBAFEMNFL, REMHA

E Jiangshan

) & ? Pl X 2484, .03 R2844])
oy O 5% 73174 Rl i K2/ = 454
FaB9| B Z IR AT IR F ELE 69 % 1)

B 09 ) A5324) (Fd 5Lk

(B) ittt , TILIE LN THERNIS



REER — ILWUFEWUMTBEARRIA CIHFIE

O A AR ey &EFF, 76% (403/532) A F
M, EHOFILFHACOS (WL H
A53-74 %)

OA L F LK &S d, BRikyAtastf
¥ ORE LIS (80%, 424/532)

N Overall, N = 532" CS, N = 248" JS, N = 284’

Age 532

45~
65~

Gender 532
Female
Male

Profession 532
Catering/Servant
Farmer
Officer/Retiree
Student/Teacher/Doctor
Worker
Other/Unknown

Lineage 532
Lineage 1
Lineage 2
Lineage 4

Drug resistance 532
Sensitive
Pre-MDR
MDR
Pre-XDR

Other

n (%)

30 (5.6%)
57 (11%)
176 (33%)

269 (51%)

129 (24%)

403 (76%)

19 (3.6%)
424 (80%)
35 (6.6%)
16 (3.0%)
24 (4.5%)

14 (2.6%)

3 (0.6%)
426 (80%)

103 (19%)

429 (81%)
43 (8.1%)
6 (1.19%)
5 (0.9%)

49 (9.2%)

?Pearson's Chi-squared test; Fisher's exact test

Region

8 (3.2%)
20 (8.1%)
71 (29%)

149 (60%)

54 (22%)

194 (78%)

2 (0.8%)
207 (83%)
23 (9.3%)
5 (2.0%)

8 (3.2%)

3(1.2%)

2 (0.8%)
192 (77%)

54 (22%)

210 (85%)
17 (6.9%)
3 (1.2%)
1 (0.4%)

17 (6.9%)

22 (7.7%)
37 (13%)
105 (37%)

120 (42%)

75 (26%)

209 (74%)

17 (6.0%)
217 (76%)
12 (4.2%)
11 (3.9%)
16 (5.6%)

11 (3.9%)

1 (0.4%)
234 (82%)

49 (17%)

219 (77%)
26 (9.2%)
3(1.1%)

4 (1.4%)

32 (11%)

p-value’

<0.001

0.2

<0.001

03

0.2
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Lineage 2 Lineage 4

WA EBARFHE—HE 573,969 M 0

1198%k & Z 72 AT B Xk 5 7 A
lineage, 47| % 1ineage2fn
lineage4

1198% 4 Z 4 AT B F886% B T

lineage2, & ATA B HEHIT3. 96%,
3124k )& T lineaged, &26.04%

8864k lineage2 B W 4k F, 40. 1% T
lineage?2. 3

AmIglBERENlineage2.3 BT & R BATESNPR G4 B E

Beibei Wu1t, et al . Cell & Bioscience (2021) 11:162
Genetic composition and ewolution of the prevalent Mycobacterium tuberculosislineages 2 and 4 in the Chinese and Zhejiang province populations



HSRER — BEFWGSHEER S

Beijing family

Strains tested strains Proportion (%) Location
Beijing 108 100 92.59 north b, é’)}‘k oL "%’ 1 ;[;&7_‘ X __l_’7 \:P j\'_%,‘é‘ ,&,\;][:
Gansu 224 196 87.50 north
Heilongjiang 200 179 89.50 north . < 2
Henan 95 76 80.00 north A ﬂ MTB % 7}*&"'] ‘/ﬁ,/ﬂ" $
Jilin 326 293 89.88 north
Ningxia 72 49 67.12 north O .y L XL w R e RiTE
Shandong 135 116 85.93 north
Shanxi 115 92 80.00 north 0 > X \ =
Tianjin 112 102 91.07 north (794 /0) 4&‘3; :i? @ ;)b 7'7% [: ( @J ‘ﬁﬂ ;]t T
Xinjiang 205 139 67.80 north . 0 R \ 0
Anhui 157 134 85.35 south 76 92.6% > B 7]:7]‘75 89.9 /0)
Fujian 433 236 54.50 south . . .
Hong Kong 355 243 68.45 south O 5758 ) Hu X 2, q"‘%lgﬂ’» X (#)4ew )] A
Hunan 100 66 66.00 south
J';Tlge;‘;r?gd 351 243 69.23 south 57.9%, Hra A 66.0%)
Zhejiang 1296 964 74.38 south > - 5 ARy 0 N
Shanghai 175 135 77.14 south D ";3 )'3;:] 3&% E*ﬂ'ﬁ’( ? b;})"gi‘ @:j] 77.14% ? x
Guangxi 208 115 55.29 south e
Taipei 356 187 52.53 south 7~ #180.38%
Sichuan 76 44 57.89 south
Jiangsu 260 209 80.38 south

Liu Q, Ma A, Wei L, et al. China’s tuberculosis epidemic stems from historical expansion of four strains of Mycobacterium tuberculosis[J]. Nature ecology & ewolution, 2018, 2(12): 1982-1992.
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ST F L 69591 AAMTB & Ak A e b B 3o X 691614k 5 Ak M
HERABE R, -

O ZeXHFRALTLFLRRLEIN AR, mLER
ERAEZAAL T, T H LI R R E o

O W3R XFE2>EARE LR EHARREAL.
K, £ANRILFE (MordenBeijing) 4 F, A&
—AL#EZ (BTL221) , & TRkaTEARSDIY
2334 A M, HP228% Kk AL F LK, Skok A4S
E=8

O TR P A IR GRAFFERIEF I, IEARIL

THERILFLRRTRALERENGT K,

Zhang H, Li D, Zhao L, et al. Genome sequencing of 161 Mycobacterium tuberculosis isolates from China identifies
genes and intergenic regions associated with drug resistance[J]. Nature genetics, 2013, 45(10): 1255-1260.

Lineage

[ vineage 1
[l Lineage 2.2.1
. Lineage 2.2.2
. Lineage 3

[ ] Lineage 4.2
. Lineage 4.3
[ Lineage 4.4
[ Lineage 4.5

Tree scale: 0.001

Location
D Beijing

B Fujian 3
D Guangdong %‘
[l Heilongjiang

[ Henan l
D Inner Mongolia

] Liaoning

[] shaanxi

. Shanghai

[ ] Tibet

. Xinjiang

. Zhejiang
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Lineage Lineage

O 5L44tk, L2 ARL TR A I KERZERE (HA, Wilcoxon# P < 0.001)
O & FTL28 5 B EEE LM, XEIPA LN PR RASTSNPIES (BB, Wilcoxon: 3P < 0.001)
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O £ A41274% (23.9%, 127/532) ##iH H53 5G4,
4 M perber HNELH2E8MAK, ERFARLHMEF TR T L
B e E 9o 2 —#T L E LR &R K.
O #., (23.89%, 59/247) #=:r.;, (23.94%, 68/284)
09 B A5 2 LA F) o
C D
Ot feddb m AR ERALESE 27 (%
A27.7% [118/426] vs 3F Jb 7 %1 8.5% [9/106], Fisher
o e e3P < 0.001) .
B s o




Univariable Multivariable

%gﬂ:; - ‘g;ﬁ%EgiR%U&Emmﬁgﬂgm% N OR’ 95%Cl' p-value OR' 95%Cl' p-value

Age 532

<25 — —

>25 0.52 0.24,1.16 0.10
Gender 532

O $}£§1ﬂ£éf @)jﬁBHLZ%ﬁ%%ﬁp/éﬁ}égﬁLyﬁ /r%»_ﬁ Female _ _

Male 141 087,234 0.7
BE XK, ZREFEPIELIHANE ZF L REIR LA X Lineage s
O 53te & dAnrk, L2084k e ] 09 45 35 R 162 12.7 e E— —

Lineage 2 4,00 2.06, 876 <0.001 127 233,241 0.018

(OR, 12.7; 95% Cl, 2.33-241) , W47 /5 A& m P Drug resistance 532

043 R % 27.70 (OR, 7.7; 95% CI, 2.53-25.1) . Sensitive -
Drug-resistant 0.73 042,122 024
Smoking 168
No — —
Yes 1.64 0.72,3.70 0.23

Treatment history 168
Treat-naive — — — —

Retreatment 580 2.08,16.2 <0.001 7.70 2.53,25.1 <0.001

TOR = Odds Ratio, Cl = Confidence Interval
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6 SNPs

BERITRFEE

Close contact (non-TB)

TB patient with contact

Certain epidemiological link

Possible epidemiological link

Clinic +

m@

@%% T @

9 SNPs \® FYY)

O AT 745 T53/ME4%4%, A8A %
BT RATIRFIRE, SMETRAELR
ITREFHE. RTFAHHTBEEAEREE,
I & A RMATBA& # 2B KRN P A2 LAt B4
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Fl. STWk65%5 Ul EZFEARBRBRERMRE

=5

TILTiEAE. FILERRE. S ETLEE. 87T THE. TRXAEENERMEX,
HIFERIT655 BRI EEFEANL342 N, BEEZDEAITERBREE 528.24%
BUWREE37.1%., TWEGRHE37.4%,. =ELIE5H28.4%, BT THF14.2%. LPEX A H#EE
22.2%

ZERABHHRRENERE

X AE BAME BT b=

AR LR OAE BB AR EEfl
¥WL 1000 616 6160% 371 37.10% 13 130%
BT 1049 890 84.84% 149 1420% 10  0.95%
;Till 884 553 6256% 331 3744% 0 0.00%
=j% 1004 700 69.72% 285 28.39% 19  1.89%
EPE 405 307 7580% 90 22.22% 8  1.98%
&it 4342 3066 70.61% 1226 28.24% 50  1.15%
y*=2019, P<0.001
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12.42 .-
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d

9.86

15~39%

28.01
18.23

40~59%
Poly. (& AEf)

44.94

1

>60%

RIEB-SHADEAR BV E £ R B IR:

>

2013FFKESS B I L ANBEEZDBHE
R E A 18.08%(95%Cl: 13.73

% ~22.42%);

15% B A E NBEERZ D AT R BRI R

$20.34%(95%Cl: 15.63% ~25.06%).
5~14% ANEEEZ D BATE RN R T

BAR,;

155 e EMEEERIEKTASHNEE,
HERFEHRESHHBRRERS T M,

SEISGITEAN S E SRR R BRRERGED]. PEGFERT, 2022, 44(1)6.
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Af BRI O AZL  tefl O A% EEP
65- 1482 1097 74.02% 368 24.83% 17 1.15%

f0- 1397 978 70.01% 3939 28.56% 20 1.43%

f5- 890 604 67.67% 274 30.79% 12 1.35%

80- 347 237 658.30% 108 31.41% 1 0.29%

8- 2206 150 6b.37% b6 33.63% 0 0.00%

&1 4342 3066 70.61% 1226 28.24% 20  1.15%
x2=22.16, P=0.005
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sont8 X 1Y £ (1/105) &l (%)
Z (r=0919, SIWERE 15604 19 121.76 37.44
TR, %tz EULUEBRE 22090 26 117.7 37.10
10 1.28/10h -1 28484 28463 26 91.35 28.39

BT THE 43738 10 22.86 14.20

FIUAEEE 87043 13 14.94 22.22
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1200/107, PBAMEA100/107, ¥t9:4491/10h8
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The cumulative tuberculosis incidence of participant during the one-year observation period

No TB (%) TB (%) Incidence Rate (per 100,000) OR (95%CI) AOR (95%CI)
LTBI results
Negative 1197 (99.9%) 1 (0.1%) 100 1 l
Positive 635 (98.8%) § (1.2%) 1200 15.08 (1.88-120.84) 9.59 {1.07-86.20)

OR, Odds Ratin; AOR, Adjusted Odds Ratio; CI, confidence interval; LBTT, latent tuberculosis infection; TB, tuberculosis; The AOR was adjusted for sex, age, education, marital status, body
mass index, smoking status, alcohol consumption, habit of opening windows frequently for ventilation, and the chest radiograph result.
The total is less than 1356 due to missing values.

Wang et al. Front. Cell. Infect. Microbiol. 12:990197.
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