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Abstract

Tuberculosis (TB) remains a serious global public health problem in the present. TB also
affects other sites (extrapulmonary tuberculosis, EPTB), and accounts for a significant pro-
portion of tuberculosis cases worldwide. In order to comprehensively understand epidemiol-
ogy of EBTB in China, and improve early diagnosis and treatment, we conducted a large-
scale multi-center observational study to assess the demographic data and the prevalence
of common EPTB inpatients, and further evaluate the prevalence of EPTB concurrent with
Pulmonary tuberculosis (PTB) and the associations between multiple EPTB types and gen-
der-age group in China. All consecutive age>15yr inpatients with a confirmed diagnosis of
EPTB during the period from January 2011 to December 2017 were included in the study.
The descriptive statistical analysis included median and quartile measurements for continu-
ous variables, and frequencies and proportions with 95% confidence intervals (Cls) for
categorical variables. Multinomial logistic regression analysis was used to compare the
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association of multiple EPTB types between age group and gender. The results showed
that the proportion of 15-24 years and 25-34 years in EPTB inpatients were the most and
the ratio of male: female was 1.51. Approximately 70% of EPTB inpatients were concurrent
with PTB or other types of EPTB. The most common of EPTB was tuberculous pleurisy
(50.15%), followed by bronchial tuberculosis (14.96%), tuberculous lymphadenitis of the
neck (7.24%), tuberculous meningitis (7.23%), etc. It was found that many EPTB inpatients
concurrent with PTB. The highest prevalence of EPTB concurrent with PTB was pharyn-
geal/laryngeal tuberculosis (91.31%), followed by bronchial tuberculosis (89.52%), tubercu-
losis of hilar lymph nodes (79.52%), tuberculosis of mediastinal lymph nodes (79.13%),
intestinal tuberculosis (72.04%), tuberculous pleurisy (65.31%) and tuberculous meningitis
(62.64%), etc. The results from EPTB concurrent with PTB suggested that females EPTB
inpatients were less likely to be at higher risk of concurrent PTB (aOR = 0.819, 95%
Cl:0.803-0.835) after adjusted by age. As age increasing, the trend risk of concurrent PTB
decreased (aOR = 0.994, 95%CI: 0.989—-0.999) after adjusted by gender. Our study demon-
strated that the common EPTB were tuberculous pleurisy, bronchial tuberculosis, tubercu-
lous lymphadenitis of the neck, tuberculous meningitis, etc. A majority of patients with
pharyngeal/laryngeal tuberculosis, bronchial tuberculosis, tuberculosis of hilar/mediastinal
lymph nodes, intestinal tuberculosis, tuberculous pleurisy, tuberculous meningitis, etc. were
concurrent with PTB. Female EPTB inpatients were less likely to be at higher risk of concur-
rent PTB, and as age increasing, the trend risk of concurrent PTB decreased. The clinicians
should be alert to the presence of concurrent tuberculosis in EPTB, and all suspected cases
of EPTB should be assessed for concomitant PTB to determine whether the case is infec-
tious and to help for early diagnosis and treatment.

Introduction

Tuberculosis (TB) remains a serious global public health problem in the present. According to
the report of World Health Organization (WHO), the estimated global incidence of TB cases
in 2018 was 10.0 million [1]. TB is a multi-systemic disease with a protean presentation. Pul-
monary tuberculosis (PTB) is the most common clinical presentation of TB. TB also affects
other sits (extrapulmonary tuberculosis, EPTB), such as pleura, lymph nodes, skeleton, menin-
ges, etc [2,3]. In contrast to PTB, the research of EPTB is less concerned by public health
institutions. This may be because most forms of EPTB do not contribute to the spread of
tuberculosis [4,5], or sometimes patients with PTB and EPTB at the same time are classified as
PTB cases [3]. In fact, EPTB accounts for a significant proportion of tuberculosis cases world-
wide. Many studies have found a high proportion (20%-53%) of cases presenting with EPTB in
all the cases of TB [5-8]. In clinical practice, concurrent other type of TB in EPTB patient is
common [9,10]. Due to the atypical clinical symptoms, no characteristic imaging manifesta-
tion, difficulty in obtaining specimens, and low positive rate of etiology in EPTB, the diagnosis
of EPTB is very difficult and easy to be misdiagnosed. Meanwhile, the presence of concurrent
other types of TB in EPTB often complicates the diagnosis and clinical treatment, and may
contribute to poor or unsatisfactory clinical outcomes in these patients. In order to compre-
hensively understand epidemiology of EBTB in China, and improve early diagnosis and treat-
ment, we conducted a large-scale multi-center observational study to assess the demographic
data and the prevalence of common EPTB inpatients, and further evaluate the prevalence of
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EPTB concurrent with PTB and the associations between multiple EPTB types and gender-age
group in China.

Methods

In this study, EPTB patients were defined as those who have at least one EPTB disease site,
including EPTB concurrent with PTB patients. According to WHO, EPTB cases were mainly
categorized by the disease site [11]. The study was performed utilizing data of 21 hospitals
from 15 provinces in China, most of which are specialized tuberculosis hospitals. All consecu-
tive age>15yr inpatients with a confirmed diagnosis of EPTB during the period from January
2011 to December 2017 were included in the study. Diagnosis of TB in these patients were
undertaken utilizing WHO guidelines [12] and the clinical diagnosis standard for TB issued by
the Chinese Medical Association [13]. In China, the diagnosis of tuberculosis generally adopts
traditional and modern methods, relying on clinical symptoms and signs, together with the
results of bacteriology tests, the tuberculin skin test (TST), X-ray /CT examination, pathologi-
cal examination, T-SPOT.TB, Gene Xpert MTB/RIF assay, and the successful outcome of
treatment with a course of anti-tuberculosis chemotherapy, etc. We referred to the patients’
medical history record to collect medical and demographic information. Data collection and
manuscript preparation were completed in accordance with the STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology) statement [14].

Statistical analysis

Descriptive statistical analysis includes median and quartile measurements of continuous vari-
ables, and 95% confidence interval (CIS) frequency and proportion of categorical variables.
Multinomial logistic regression analysis was used to compare the association of multiple EPTB
types between age group and gender. Primary analyses were based on tests for trends, model-
ing the ordered age categories as linear terms. A p-value <0.05 was considered to be statisti-
cally significant. Odds ratios (ORs) with 95% confidence intervals (CIs) for age group and
gender were calculated. All analyses were performed on the entire study population, as well as
on six groups stratified by age (15-24 years, 25-34 years, 35-44years, 45-54years, 55-64years
and>65 years) and by gender. All data are sorted out in Microsoft Office Excel (Microsoft,
Redmond, WA, USA) data table, and all analysis is conducted with SPSS software, version 13
(Chicago, USA).

Ethics statement

This was a multi-center observational retrospective study. Given that the medical information
of inpatients was recorded necessarily and anonymously by case history, and that our data
analysis could not necessarily cause any breach of the privacy of, or present any undue per-
sonal risk to the participants in this study, the Ethics Committee of Beijing Chest Hospital,
Capital Medical University, approved this study, with a waiver of informed consent from the
patients involved.

Results
Patient characteristics

A total of 202,998 EPTB inpatients (age>15 yr) from January 2011 to December 2017 were
recruited at 21 hospitals from 15 provinces in China. And there were 416910 total TB patients.
Demographic data for our patient cohort was shown in Table 1. The ratio of male: female

was 1.51. The proportion of 15-24 years and 25-34 years in EPTB inpatients were the most.
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Table 1. The demographic data of EPTB inpatients.

Variables N =202998 Proportion (%)
Gender
Female 80860 39.83
Male 122138 60.17
Age group
15-24years 42916 21.14
25-34years 42569 20.97
35-44years 28519 14.05
45-54years 29671 14.62
55-64years 26946 13.27
>65years 32377 15.95
EPTB types
exclusively EPTB 66249 32.64
EPTB concurrent with PTB 127005 62.56
EPTB concurrent with other types of EPTB (without PTB) 9744 4.80

https://doi.org/10.1371/journal.pone.0237753.t001

Approximately 70% of EPTB inpatients were concurrent with PTB or other types of EPTB.
The most common types of EPTB were EPTB concurrent with PTB (62.56%), followed by
exclusively EPTB (32.64%), and EPTB concurrent with other types of EPTB (without PTB)
(4.80%).

The prevalence of most common of EPTB (0.4% or about >800 cases)

Our data analysis revealed that there were 364,694 TB lesions in 202,998 EPTB inpatients. On
average each EPTB inpatient had 1.80 types of TB lesions. The most common of EPTB (0.4%
or about >800cases) was tuberculous pleurisy (50.15%, 95%CI:49.93%-50.37%), followed by
bronchial tuberculosis (14.96%, 95%CI: 14.80% -15.12%), tuberculous lymphadenitis of the
neck (7.24%, 95%CI:7.13%-7.36%), tuberculous meningitis (7.23%, 95%CI:7.12%-7.35%), etc
(Table 2).

The prevalence of EPTB concurrent with PTB

It was found that many EPTB inpatients concurrent with PTB. The highest prevalence of
EPTB concurrent with PTB was pharyngeal/laryngeal tuberculosis (91.31%), followed by bron-
chial tuberculosis (89.52%), tuberculosis of hilar lymph nodes (79.52%), tuberculosis of medi-
astinal lymph nodes (79.13%), intestinal tuberculosis (72.04%), tuberculous pleurisy (65.31%)
and tuberculous meningitis (62.64%), etc. The EPTB(>800 cases) concurrent with PTB
(proportion>30%) were shown in Table 3, sorted by proportion.

The associations between multiple EPTB types and gender-age group

Table 4 illustrated the results of multinomial logistic regression analysis, with exclusively
EPTB as the reference category. The results from EPTB concurrent with PTB suggested that
females EPTB inpatients were less likely to be at higher risk of concurrent PTB (aOR = 0.819,
95%CI:0.803-0.835) after adjusted by age. As age increasing, the trend risk of concurrent PTB
decreased (aOR = 0.994, 95%CI: 0.989-0.999) after adjusted by gender. When set >65years as
the reference category, the risk of concurrent PTB firstly decreased then increased in EPTB
inpatients.
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Table 2. The prevalence of most common of EPTB types (0.4% or >800 cases).

EPTB diagnosis

tuberculous pleurisy

bronchial tuberculosis

tuberculous lymphadenitis of the neck
tuberculous meningitis

tuberculous peritonitis

tuberculous empyema

lumbar vertebra tuberculosis
tuberculous pericarditis

thoracic vertebra tuberculosis
tuberculous polyserositis

intestinal tuberculosis

chest wall tuberculosis

tuberculosis of mediastinal lymph nodes
renal tuberculosis

pharyngeal and laryngeal tuberculosis
pelvic tuberculosis

tuberculosis of axillary lymph nodes
knee joint tuberculosis

tuberculosis of hilar lymph nodes
pleural tuberculoma

hip joint tuberculosis

cutaneous tuberculosis

Prevalence = N*100%/202998.

https://doi.org/10.1371/journal.pone.0237753.t1002

Discussion

N
101808
30367
14706
14680
9731
7203
7019
5766
5196
4734
4571
4539
3292
2772
2360
1816
1260
1121
1001
888
878
849

Proportion(95%CI) (%)
50.15(49.93-50.37)
14.96(14.80-15.12)

7.24(7.13-7.36)
7.23(7.12-7.35)
4.79(4.70-4.89)
3.55(3.47-3.63)
3.46(3.38-3.54)
2.84(2.77-2.91)
2.56(2.49-2.63)
2.33(2.27-2.40)
2.25(2.19-2.32)
2.24(2.17-2.30)
1.62(1.57-1.68)
1.37(1.32-1.42)
1.16(1.12-1.21)
0.89(0.85-0.94)
0.62(0.59-0.66)
0.55(0.52-0.59)
0.49(0.46-0.52)
0.44(0.41-0.47)
0.43(0.40-0.46)
0.42(0.39-0.45)

The clinical manifestations of tuberculosis (TB) are divided into pulmonary TB (PTB) and

extrapulmonary TB (EPTB). PTB is much more frequent [3]. Extrapulmonary tuberculosis
(EPTB) refers to the tuberculosis cases of extrapulmonary organs confirmed by bacteriology or
clinically diagnosed, such as pleura, lymph nodes, abdomen, urogenital tract, skin, joints and
bones, meninges, etc [11]. Global EPTB accounts for 13.37-53% of TB [6,7,15-20]. EPTB can

coexist with PTB, or occur alone or other EBTB at the same time [9,10]. In fact, EPTB can

present a variety of symptoms, which may be similar to the symptoms of other diseases, which
poses a further challenge for diagnosis. In addition, getting the right samples to confirm EPTB
is often seen as a challenge [21]. The ratio of PTB to EPTB varies with geographical, social,
ethnic and economic parameters [22]. The composition ratio of EPTB varies greatly in differ-

ent countries and continents, and the incidence of different types of EPTB varies greatly

[9,20,23,24]. Our study showed that EPTB inpatients accounted for 48.69% of all TB patients.
A prospective multicenter cohort study conducted in Thailand from May 2005 to September
2006 found that of 769 patients, only 461 (60%) were diagnosed with pulmonary TB, 78 (10%)
with pulmonary and extrapulmonary tuberculosis, 223 (29%) with extrapulmonary tuberculo-
sis, and extrapulmonary TB at more than one site in seven (1%) patients [25]. From January
2007 to December 2017, it was found that 73 patients (44.8%) had PTB, 71 patients (43.6%)

had EPTB, 19 patients (11.7%) had PTB and EPTB at the same time in Turkey [26]. Of the

44,050 TB cases reported in Spain in 2007-2012, 31,508 (71.53%) were pulmonary tuberculosis
and 12,542 (28.47%) were EPTB [27]. Almost one-fifth of TB cases in the United States are
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Table 3. The prevalence of EPTB (>800 cases) concurrent with PTB (proportion> 30%).

id EPTB N1 N2 Proportion(95%CI) (%)
1 pharyngeal / laryngeal tuberculosis 2360 2155 91.31(90.10-92.42)
2 bronchial tuberculosis 30367 27185 89.52(89.17-89.86)
3 tuberculosis of hilar lymph nodes 1001 796 79.52(76.89-81.98)
4 tuberculosis of mediastinal lymph nodes 3292 2605 79.13(77.70-80.51)
5 intestinal tuberculosis 4571 3293 72.04(70.72-73.34)
6 tuberculous pleurisy 101808 66492 65.31(65.02-65.60)
7 tuberculosis of meningitis 14680 9195 62.64(61.85-63.42)
8 tuberculous polyserositis 4734 2811 59.38(57.96-60.78)
9 tuberculous pericarditis 5766 3357 58.22(56.94-59.50)
10 tuberculous peritonitis 9731 5574 57.28(56.29-58.27)
11 tuberculous empyema 7203 3728 51.76(50.59-52.92)
12 chest wall tuberculosis 4538 2195 48.37(46.91-49.83)
13 thoracic vertebra tuberculosis 5196 2410 46.38(45.02-47.75)
14 pleural tuberculoma 888 407 45.83(42.52-49.18)
15 tuberculous lymphadenitis of neck 14706 6732 45.78(44.97-46.59)
16 cutaneous tuberculosis 849 382 44.99(41.61-48.41)
17 tuberculosis of axillary lymph nodes 1260 557 44.21(41.44-47.00)
18 renal tuberculosis 2772 1193 43.04(41.18-44.91)
19 pelvic tuberculosis 1816 777 42.79(40.50-45.10)
20 knee joint tuberculosis 1121 454 40.50(37.61-43.44)
21 hip joint tuberculosis 878 320 36.45(33.26-39.73)
22 lumbar vertebra tuberculosis 7019 2515 35.83(34.71-36.97)

N1: the number of EPTB; N2: the number of EPTB concurrent with PTB; Proportion = N2/N1.

https://doi.org/10.1371/journal.pone.0237753.t003

extrapulmonary tuberculosis. In 253,299 cases, PTB accounted for 73.6% and EPTB 18.7% [6].
Information on some 626,093 cases of tuberculosis in Poland from 1974 to 2010 was collected.
Out of 62,251 cases, extrapulmonary tuberculosis is the only form of disease (9.9% of all tuber-
culosis cases) [28]. To sum up, extrapulmonary tuberculosis is also a common type.

Table 4. The associations between multiple EPTB types and gender-age group®.

Types of EPTB Variables No. of concurrent PTB in EPTB (%) aOR(95%CI) P

EPTB concurrent with PTB® Gender
Female 48122(37.9) 0.819(0.803-0.835) <0.001
Male 78883(62.1) 1.0

Age

15-24 27094(21.3) 0.986(0.955-1.017) 0.374
25-34 26806(21.1) 0.992(0.961-1.024) 0.627
35-44 17193(13.5) 0.876(0.847-0.907) <0.001
45-54 18154(14.3) 0.886(0.856-0.917) <0.001
55-64 16835(13.3) 0.921(0.890-0.954) <0.001
>65 20923(16.5) 1.0
trend test — 0.994(0.989-0.999) 0.030°

?. The reference category was exclusively EPTB.

b .
. loglt(PEPTB concurrent with PTB/Pexclusively EPTB)
©. the p value for trend

https://doi.org/10.1371/journal.pone.0237753.t004
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According to the data of this study, the demographic data of the patient cohort showed that
male accounted for 60.17%, female 39.87%. The results are the same as those of Nepal, Turkey,
Saudi Arabia and Poland [28-31]. A retrospective study of 102 patients with extrapulmonary
tuberculosis from 2000 to 2004 was conducted at St. George’s University Hospital in Pereira,
Colombia. The average age of the patients was 31.6 years, and 62.7% of the patients were males
[32]. A study from Turkey assessed the percentage and characteristics of cases of extrapulmon-
ary tuberculosis (EPTB) in the industrial city of kokalai, Turkey. 636 cases were diagnosed
with EPTB. There were 345 males (54.2%) and 291 females (45.8%). The average age of the
patients was 22.5 +/- 17.1 years (1-86 years old); 41.4% of the patients were younger than 15
years old, 30.9% of the patients were between 20-39 years old [24]. Gender effect has a strong
regulatory effect on the possible confounding factors, which indicates that a possible indepen-
dent effect needs further study [33]. The gender effect in Yone et al., research has made a
strong adjustment to the possible confusion, which indicates that a possible independent effect
needs further study [33]. In general, it has been reported that the gender differences in TB
manifestations are not clear [34]. Female patients with tuberculosis are more likely to have
extrapulmonary manifestations than male patients, which may be related to the role of endo-
crine factors in the body [35]. Sreeramareddy et al., believe that in a high burden country like
Nepal, women may be an independent risk factor for EPTB. TB control programs may target
young people and women to find EPTB cases [29]. Jung et al., also found that women were
independent predictors of EBTB in patients with active PTB (ratio 4.35, 95% CI: 1.78-10.63)
[36]. The continued transmission of tuberculosis among the American born population is one
of the causes of the difference in the incidence rate of gender specific diseases in San Francisco.
Gender differences in incidence rate of tuberculosis may be due to differences in communica-
tion kinetics, rather than deviation from diagnosis or reporting [37]. Cellular immunity, hor-
mones, iron metabolism, loss of income and financial barriers, as well as stigma may all be
related to sex-specific differences [38-40], gender is just one of the factors [33]. Women are
also the risk factors of high degree of stenosis. Women tend to be more active in EBTB type
and multi-level EBTB.

Our study showed that the proportion of 15-24 years and 25-34 years in EPTB inpatients
were the most. A Turkish study also showed that most cases of extrapulmonary tuberculosis
occur in the 20-40-year age group [31]. EPTB was more common at younger ages (< 25 years)
in Nepal [29]. The proportion of extrapulmonary tuberculosis in the population aged 0-19 in
Poland is higher than that in other age groups [28]. Extrapulmonary tuberculosis is more com-
mon in Saudi Arabia at a young age (20-29) [19]. Sreeramareddy et al., also confirmed that
youth may be an independent risk factor for EPTB in high burden countries [29]. Why the
elderly are not prone to extrapulmonary tuberculosis may be related to the change of immune
function in the elderly [41,42]. In the elderly, about 90% of TB cases are due to reactivation of
primary infection. 30% to 50% of individuals may develop disease-free persistent infection.
Some old people who have been infected with Mycobacterium tuberculosis before may eventu-
ally eliminate the living Mycobacterium tuberculosis and return to the tuberculin negative
reaction state [43]. Generally, there is no consensus on the possible impact of aging on the
occurrence of EPTB. It has been suggested that the failure of the immune system with age is
related to EPTB, especially miliary and meningeal tuberculosis [44]. With the increase of age,
the production of many cytokines is a common phenomenon. However, this increase was only
evident in the culture stimulated by mitogen. In fact, there is no difference in the spontaneous
production of all cytokines between young and old people. This finding not only shows that
the cellular mechanisms for the production of these cytokines are best preserved in the cells of
the elderly, but also that they can up regulate their production under appropriate stimulation
[45]. This can happen in inflamed areas of the body, or in other damaged areas, where they

PLOS ONE | https://doi.org/10.1371/journal.pone.0237753  August 21, 2020 7/15


https://doi.org/10.1371/journal.pone.0237753

PLOS ONE

The epidemiology of extrapulmonary tuberculosis in China

can make a significant contribution to the ongoing destructive process [46]. One of the physio-
logical characteristics of immune aging may not be accidental, that is, the serum level of most
immunoglobulins and subclasses increases [47], and the development of monoclonal antibod-
ies is a significant pathological feature of the immune system in the elderly [48]. Peto et al.,
also found that children under 15 years were more likely to have EPTB than those over 15
years [6]. A Polish study also showed that the proportion of extrapulmonary tuberculosis in
the population aged 0-19 was higher than that in other age groups [28]. This may be related to
the special physiological characteristics and immune function of children and adolescents. In
addition, during bacteremia or blood borne disseminated tuberculosis, which is also the cause
of extrapulmonary tuberculosis, children and infants may develop the disease [49,50].

Our data analysis revealed that there were 364,694 TB lesions in 202,998 EPTB inpatients.
On average each EPTB inpatient had 1.80 types of TB lesions. The most common of EPTB
(0.4% or about >800cases) was tuberculous pleurisy (50.15%, 95%CI:49.93%-50.37%), fol-
lowed by bronchial tuberculosis (14.96%, 95%CI: 14.80% -15.12%), tuberculous lymphadenitis
of the neck (7.24%, 95%CI:7.13%-7.36%), tuberculous meningitis (7.23%, 95%CIL:7.12%-
7.35%), etc. Other studies have also found that pleural TB is the most common EPTB in sub
Saharan Africa(63.2%, 144/228), Poland (36%, 214/599) and Romania (58%, 1606/2781)
[21,28,33]. However, other studies found that lymph node tuberculosis is the most common
sites of extrapulmonary tuberculosis in the Netherlands (39%, 1963 / 504239%), the United
States (40%, 19107 / 47293), the United Kingdom (37%, 10358 / 27762), Saudi Arabia (44.6%,
170/ 381), Turkey (21%, 29 / 141) and Afghanistan (37.3%, 44 / 118) [6,7,23,51-53]. Some
studies have also shown that the most common type of EPTB is bone and / or joint tuberculo-
sis [54,55]. Of the 397 study patients in Turkey, 103 (25.9%) had EPTB and 294 (74.1%) had
PTB. The two most common types of EPTB were genitourinary tuberculosis (27.2%) and men-
ingeal tuberculosis (19.4%) [30]. This kind of different researches and different countries have
different forms of common extrapulmonary tuberculosis, which may be related to the follow-
ing factors: (1) in some countries, the immune function of the population is damaged due to
vitamin D deficiency, dietary changes and restrictive social conditions, which leads to endoge-
nous tuberculosis infection easily reactivated from the external parts of the lung, such as
lymph nodes, pleura, bone tissue, etc., leading to EPTB in these parts High incidence [56]; (2)
Genetic factors. NRAMP1 may play a more important role in the localization of Mycobacte-
rium tuberculosis infection than at the beginning of infection, i.e., NRAMP1 could be a major
gene governing human susceptibility to extra-pulmonary TB [57]. (3) The different genes of
Mycobacterium tuberculosis strains may make patients susceptible to tuberculosis in some
parts, such as lymph node tuberculosis [55]; (4) Bacillus Calmette-Guérin (BCG) immuniza-
tion has different protective effects on various forms of tuberculosis, but it is not widely used
in many countries [20,58]. Compared with countries without BCG vaccination, nationwide
BCG vaccination in China may be related to different infection sites of extrapulmonary tuber-
culosis [20].

It was found that many EPTB inpatients were concurrent with PTB in our study. Laryngeal
TB is an important form of tuberculosis. According to its pathogenesis, laryngeal TB can be
divided into two types: primary, directly invading the larynx through bacteria; secondary,
transmitted through the bronchi of advanced tuberculosis [59]. Laryngeal tuberculosis is often
associated with pulmonary tuberculosis, but the patient also has tuberculosis of the larynx
without a history of tuberculosis [60]. The incidence of the pulmonary tuberculosis rate of
laryngeal tuberculosis was about 40.6% to 100% [61-63]. In our study, there were about
91.31% pharyngeal/laryngeal tuberculosis inpatients concurrent with PTB. In the study of Ling
et al., the infection pattern of tuberculosis of larynx in the two groups seems to be different.
Before 1990, the chest X-ray of 5 patients with larynx were all positive. After 1998, 8 out of 14
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patients (57.1%) had normal chest radiographs and showed no signs of active lung disease
[61]. Lim et al. found that the pulmonary tuberculosis rate of laryngeal tuberculosis was 80.0%
(48/60) [62]. Clinical analysis of 22 patients with pathologically confirmed laryngeal tuberculo-
sis was carried out retrospectively. The pulmonary tuberculosis rate of laryngeal tuberculosis
was 59.0% (15/22) [63]. To sum up, it is assumed that the infection occurred via hematogenous
spread from an unidentified source or was primarily laryngeal or spread from pulmonary TB
[61,63,64]. Tracheobronchial tuberculosis (TBTB) is a kind of submucous tuberculosis, which
mainly occurs in the bronchial mucosa and submucosa. TBTB can be misdiagnosed as bron-
chitis, bronchial asthma, bronchiectasis or pulmonary carcinoma. TBTB is present in 10%-
40% among active tuberculosis patients, and the prevalence of TBTB is increasing in recent
years [65]. Previous studies showed that the incidence of the pulmonary tuberculosis rate of
bronchial tuberculosis was about 48% to 99.4% [66-70]. In our study, there were about 89.52%
bronchial tuberculosis inpatients concurrent with PTB. Most of previous studies have reported
that the prevalence of EBTB inpatients concurrent with PTB were higher, and respectively
99.4% [66], 92.1% [67], 91.9% [68] and 90.9% [69]. However, in the study of S Altin et al., only
48% (24/50) bronchial tuberculosis inpatients were concurrent with PTB [70]. The reason for
different prevalence concurrent with PTB in EBTB is not clear. Some studies found that a
number of patients with mediastinal tuberculous lymphadenitis were associated with lung
parenchymal infection [71,72]. In our study, there were about 79.52% tuberculosis of hilar
lymph nodes and 79.13% tuberculosis of mediastinal lymph nodes inpatients concurrent with
PTB. Wojciech Rzechorzek et al., found that 50.0% (4/8) tuberculosis of hilar lymph nodes
inpatients were concurrent with PTB [72]. However, another studies found that the incidence
of the pulmonary tuberculosis in tuberculous lymphadenitis patients was lower (7.8% to
28.8%) [73-75]. Intestinal tuberculosis can result from the hematogenous spread of active
tuberculosis or military tuberculosis, the adjacent spread of adjacent organs, the swallowing of
active tuberculosis infected sputum or the intake of contaminated milk [76]. As a result, pul-
monary involvement is not constant, ranging from 9.87% to 68.7% [76-80]. Our study showed
that the prevalence of intestinal tuberculosis concurrent with PTB was 72.04%, consistent with
the result of Kim et al. and Wang et al. [77,80]. Tuberculous pleurisy or pleural TB is a com-
mon manifestation of extrapulmonary TB [81-83]. In western countries, pleural tuberculosis
makes up less than 1% of exudate and only 3-5% of tuberculosis patients [81,82]. In contrast,
in developing countries like India, pleural TB accounts for 30-80% of all pleural effusion [84].
Previous studies reported the prevalence of associated parenchymal lesions ranged from 20 to
95.2% [85-89]. Our study found that the prevalence of PTB in the tuberculous pleurisy
patients was 65.31%. CT scan can improve the accuracy of diagnosis by recording the related
solid lesions and lymphadenopathy. 86% of the patients with tuberculous effusion showed
parenchymal lesions on chest CT, and 37% showed radiation-induced tuberculosis [87].
Although tuberculous meningitis accounts for only 5-10% of extrapulmonary tuberculosis
and 1% of all tuberculosis patients, it kills and maims more patients than any other form of
tuberculosis [90-92]. In our study, there were about 62.64% tuberculous meningitis inpatients
concurrent with PTB. Previous studies have reported that the prevalence of tuberculous men-
ingitis inpatients concurrent with PTB were 29.4% (47/160) [93], 45.5% (95/209) [94], and
54% [95], respectively. A retrospective cohort study found that 58.8% (315/536) were associ-
ated with pulmonary tuberculosis, 12.3% were miliary tuberculosis [96]. Above studies dem-
onstrated about 10%-100% of EPTB patients have concomitant pulmonary involvement
[7,15,16,17,20,63]. Therefore, all suspected cases of EPTB should be assessed for concomitant
PTB to determine whether the case is infectious and to assist with diagnosis.

Lastly, multinomial logistic regression analysis in our study showed that female EPTB inpa-
tients were less likely to be at higher risk of concurrent PTB (aOR = 0.819, 95%CI:0.803-0.835)
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after adjusted by age, and as age increasing, the trend risk of concurrent PTB decreased
(aOR = 0.994, 95%CI: 0.989-0.999) after adjusted by gender. The similar results have not been
reported in the previous study. The reasons remain to be investigated in the future.

There were several limitations to our study. Firstly, our study results may have been influ-
enced by Berkson’s bias. In our study, we selected all patients who were admitted to 21 hospi-
tals with a diagnosis of PTB within a specified time period. There is a high likelihood that these
hospitalized patients would have more concurrent tuberculosis in EPTB, relative to patients
with EPTB not admitted to hospital. It is therefore likely that our study overestimates the prev-
alence of concurrent tuberculosis in EPTB patients. Secondly, most of the hospitals included
in our study are specialized tuberculosis hospitals. Therefore, these findings may not represent
the general EPTB patient population, and may not apply to settings elsewhere in China.
Thirdly, many specialized TB hospitals in China do not admit or treat pediatric TB cases.
Therefore our results did not study the prevalence of pediatric EPTB. Fourthly, we analyzed
the distribution of EPTB by gender and age variables only, and did not collect data on other
possible influencing factors, such as income, smoking, alcohol use, recreational drug use, hous-
ing arrangements, etc, which may affect the presence of concurrent tuberculosis in EPTB.

Conclusion

Our study demonstrated that the common EPTB were tuberculous pleurisy, bronchial tuber-
culosis, tuberculous lymphadenitis of the neck, tuberculous meningitis, etc. A majority of
patients with pharyngeal/laryngeal tuberculosis, bronchial tuberculosis, tuberculosis of hilar/
mediastinal lymph nodes, intestinal tuberculosis, tuberculous pleurisy, tuberculous meningitis,
etc. were concurrent with PTB. Female EPTB inpatients were less likely to be at higher risk of
concurrent PTB, and as age increasing, the trend risk of concurrent PTB decreased. The clini-
cians should be alert to the presence of concurrent tuberculosis in EPTB, and all suspected
cases of EPTB should be assessed for concomitant PTB to determine whether the case is infec-
tious and to help for early diagnosis and treatment.

Supporting information

S1 Dataset.
(XLSX)

Acknowledgments

We acknowledge the contributions from Innovation Alliance on Tuberculosis Diagnosis and
Treatment (Beijing), and the doctors, laboratory technicians and nursing staff at the 21 hospi-
tals in China involved in this study.

Author Contributions
Data curation: Wanli Kang, Shenjie Tang.
Formal analysis: Liang Li, Shenjie Tang.

Investigation: Song Yang, Hongyan Chen, Jianxiong Liu, Jinshan Ma, Mingwu Li, Jingmin
Qin, Wei Shu, Peilan Zong, Yi Zhang, Yongkang Dong, Zhiyi Yang, Zaoxian Mei, Qunyi
Deng, Pu Wang, Wenge Han, Meiying Wu, Ling Chen, Xinguo Zhao, Lei Tan, Fujian Li,
Chao Zheng, Hongwei Liu, Xinjie Li, Ertai A, Yingrong Du, Fenglin Liu, Wenyu Cui,
Quanhong Wang, Xiaohong Chen, Junfeng Han, Qingyao Xie, Yanmei Feng, Wenyu Liu,
Peijun Tang, Jianyong Zhang, Jian Zheng, Dawei Chen, Xiangyang Yao, Tong Ren, Yan Li,

PLOS ONE | https://doi.org/10.1371/journal.pone.0237753  August 21, 2020 10/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237753.s001
https://doi.org/10.1371/journal.pone.0237753

PLOS ONE

The epidemiology of extrapulmonary tuberculosis in China

Yuanyuan Li, Lei Wu, Qiang Song, Mei Yang, Jian Zhang, Yuanyuan Liu, Shuliang Guo,
Kun Yan, Xinghua Shen, Dan Lei, Yanli Zhang, Xiaofeng Yan.

Methodology: Shenjie Tang.

Project administration: Jian Du, Liang Li, Shenjie Tang.

Resources: Shenjie Tang.

Software: Shenjie Tang.

Supervision: Shenjie Tang.

Validation: Shenjie Tang.

Writing - original draft: Shenjie Tang.

Writing - review & editing: Jiajia Yu, Shenjie Tang.

References

1.

10.

11.
12
13.

14.

15.

16.

17.

World Health Organization. Global tuberculosis report 2019. WHO/CDS/TB /2019.15. Geneva: World
Health Organization,2019.

Holden IK, Lillebaek T, Andersen PH, et al. Extrapulmonary Tuberculosis in Denmark From 2009 to
2014; Characteristics and Predictors for Treatment Outcome. Open Forum Infect Dis. 2019, 6(10):
0fz388. https://doi.org/10.1093/0fid/0fz388 PMID: 31660351

Cukic V, Ustamujic A. Extrapulmonary Tuberculosis in Federation of Bosnia and Herzegovina. Mater
Sociomed, 2018 Jun; 30(2):153—-156. https://doi.org/10.5455/msm.2018.30.153-156 PMID: 30061808

Sanches |, Carvalho A, Duarte R. Who are the patients with extrapulmonary tuberculosis? Rev Port
Pneumol,2015 Mar-Apr; 21(2):90-3. https://doi.org/10.1016/j.rppnen.2014.06.010 PMID: 25926372

Sandgren A, Hollo V, van der Werf MJ. Extrapulmonary tuberculosis in the European Union and Euro-
pean Economic Area, 2002 to 2011. Euro Surveill,2013 Mar 21; 18(12):20431. PMID: 23557943

Peto HM, Pratt RH, Harrington TA, et al. Epidemiology of extrapulmonary tuberculosis in the United
States, 1993-2006. Clin Infect Dis. 2009, 49(9):1350-7. https://doi.org/10.1086/605559 PMID:
19793000

Kruijshaar ME, Abubakar I. Increase in extrapulmonary tuberculosis in England and Wales 1999-2006.
Thorax. 2009, 64(12): 1090—1095. https://doi.org/10.1136/thx.2009.118133 PMID: 19850965

Sama JN, Chida N, Polan R M, et al. High proportion of extrapulmonary tuberculosis in a low prevalence
setting: a retrospective cohort study. Public Health,2016, 138:101-7. https://doi.org/10.1016/j.puhe.
2016.03.033 PMID: 27137870

Ohene SA, Bakker Ml, Ojo J, et al. Extra-pulmonary tuberculosis: A retrospective study of patients in
Accra, Ghana. PLoS One. 2019, 14 (1): e0209650. https://doi.org/10.1371/journal.pone.0209650
PMID: 30625188

Efared B, Sidibé IS, Erregad F, et al. Breast tuberculosis: a report of five cases. Trop Med Health. 2017,
45:40. https://doi.org/10.1186/s41182-017-0081-6 PMID: 29255377

WHO. revised definitions and reporting framework 2013 revision. WHO/HTM/TB/2013.2.
WHO: Tuberculosis (TB). https://www.who.int/tb/areas-of-work/laboratory/en/

Chinese Medical Association. Clinical diagnosis standard of TB for clinical technology operation (TB vol-
umes). People’s Medical Publishing House; 2005.

von Elm E, Altman DG, Egger M, et al. Strengthening the Reporting of Observational Studies in Epide-
miology (STROBE) statement: guidelines for reporting observational studies. Int J Surg,2014 Dec; 12
(12):1495-9. https://doi.org/10.1016/j.ijsu.2014.07.013 PMID: 25046131

Gaifer Z. Epidemiology of Extrapulmonary and Disseminated Tuberculosis in a Tertiary Care Center in
Oman. Int J Mycobacteriol, 2017, 6(2): 162—-166. https://doi.org/10.4103/ijmy.ijmy_31_17 PMID:
28559518

Lee JY. Diagnosis and Treatment of Extrapulmonary Tuberculosis. Tuberc Respir Dis (Seoul),2015
Apr; 78(2):47-55. https://doi.org/10.4046/trd.2015.78.2.47 PMID: 25861336

Gomes T, Reis-Santos B, Bertolde A, et al. Epidemiology of extrapulmonary tuberculosis in Brazil: a
hierarchical model. BMC Infect Dis. 2014, 14:9. https://doi.org/10.1186/1471-2334-14-9 PMID:
24400848

PLOS ONE | https://doi.org/10.1371/journal.pone.0237753  August 21, 2020 11/15


https://doi.org/10.1093/ofid/ofz388
http://www.ncbi.nlm.nih.gov/pubmed/31660351
https://doi.org/10.5455/msm.2018.30.153-156
http://www.ncbi.nlm.nih.gov/pubmed/30061808
https://doi.org/10.1016/j.rppnen.2014.06.010
http://www.ncbi.nlm.nih.gov/pubmed/25926372
http://www.ncbi.nlm.nih.gov/pubmed/23557943
https://doi.org/10.1086/605559
http://www.ncbi.nlm.nih.gov/pubmed/19793000
https://doi.org/10.1136/thx.2009.118133
http://www.ncbi.nlm.nih.gov/pubmed/19850965
https://doi.org/10.1016/j.puhe.2016.03.033
https://doi.org/10.1016/j.puhe.2016.03.033
http://www.ncbi.nlm.nih.gov/pubmed/27137870
https://doi.org/10.1371/journal.pone.0209650
http://www.ncbi.nlm.nih.gov/pubmed/30625188
https://doi.org/10.1186/s41182-017-0081-6
http://www.ncbi.nlm.nih.gov/pubmed/29255377
https://www.who.int/tb/areas-of-work/laboratory/en/
https://doi.org/10.1016/j.ijsu.2014.07.013
http://www.ncbi.nlm.nih.gov/pubmed/25046131
https://doi.org/10.4103/ijmy.ijmy_31_17
http://www.ncbi.nlm.nih.gov/pubmed/28559518
https://doi.org/10.4046/trd.2015.78.2.47
http://www.ncbi.nlm.nih.gov/pubmed/25861336
https://doi.org/10.1186/1471-2334-14-9
http://www.ncbi.nlm.nih.gov/pubmed/24400848
https://doi.org/10.1371/journal.pone.0237753

PLOS ONE

The epidemiology of extrapulmonary tuberculosis in China

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Varghese B, Al-Hajoj S. Mapping the epidemiology and trends of extra-pulmonary tuberculosis in Saudi
Arabia. Int J Mycobacteriol. 2015 Dec; 4(4):261-9. https://doi.org/10.1016/j.ijmyco0.2015.06.002 PMID:
26964806

Al-Otaibi F, EI Hazmi MM. Extra-pulmonary tuberculosis in Saudi Arabia. Indian J Pathol Microbiol.
2010 Apr-Jun; 53(2):227-31. https://doi.org/10.4103/0377-4929.64327 PMID: 20551522

Pang Yu, An Jun, Shu Wei, et al. Epidemiology of Extrapulmonary Tuberculosis Among Inpatients,
China, 2008-2017. Emerg Infect Dis, 2019, 25(3): 457—-464. https://doi.org/10.3201/eid2503.180572
PMID: 30789144

Solovic I, Jonsson J, Korzeniewska-Koseta M, et al. Challenges in diagnosing extrapulmonary tubercu-
losis in the European Union, 2011. Euro Surveill. 2013; 18:20432. PMID: 23557946

Sunnetcioglu A, Sunnetcioglu M, Binici |, et al. Comparative Analysis of Pulmonary and Extrapulmonary
Tuberculosis of 411 Cases. Ann Clin Microbiol Antimicrob, 2015, 14(34): 1-5. https://doi.org/10.1186/
$12941-015-0092-2 PMID: 26104066

Sevgi DY, Derin O, Alpay AS, et al. Extrapulmonary Tuberculosis: 7 Year-Experience of a Tertiary Cen-
terin Istanbul. Eur J Intern Med, 2013, 24(8):864—7. https://doi.org/10.1016/j.ejim.2013.08.704 PMID:
24028930

ligazli A, Boyaci H, Basyigit |, et al. Extrapulmonary Tuberculosis: Clinical and Epidemiologic Spectrum
of 636 Cases. Arch Med Res, 2004, 35(5): 435—41. https://doi.org/10.1016/j.arcmed.2004.05.008
PMID: 15610915

Kingkaew N, Sangtong B, Amnuaiphon W, et al. HIV-associated Extrapulmonary Tuberculosis in Thai-
land: Epidemiology and Risk Factors for Death. Int J Infect Dis, 2009, 13(6): 722-9. https://doi.org/10.
1016/j.ijid.2008.11.013 PMID: 19196530

Aygun D, Akcakaya N, Cokugras H, et al. Evaluation of Clinical and Laboratory Characteristics of Chil-
dren With Pulmonary and Extrapulmonary Tuberculosis. Medicina (Kaunas), 2019, 55 (8): 1-9. https:/
doi.org/10.3390/medicina55080428 PMID: 31375006

Culqui-Lévano DR, Rodriguez-Valin E, Donado-Campos JM. Analysis of extrapulmonary tuberculosis
in Spain: 2007—2012 National Study. Enferm Infecc Microbiol Clin, 2017, 35(2):82—-87. https://doi.org/
10.1016/j.eimc.2016.06.002 PMID: 27474212

Rowinska-Zakrzewska Ewa, Korzeniewska-Koseta Maria, Roszkowski-Sliz Kazimierz. [Extrapulmon-
ary Tuberculosis in Poland in the Years 1974—2010]. Pneumonol Alergol Pol,2013; 81(2):121-9. PMID:
23420428

Sreeramareddy CT, Panduru KV, Verma SC, et al. Comparison of pulmonary and extrapulmonary
tuberculosis in Nepal- a hospital-based retrospective study. BMC Infect Dis,2008 Jan 24; 8:8. https:/
doi.org/10.1186/1471-2334-8-8 PMID: 18218115

Gunal S, Yang Z, Agarwal M, et al. Demographic and microbial characteristics of extrapulmonary tuber-
culosis cases diagnosed in Malatya, Turkey, 2001-2007. BMC Public Health,2011 Mar 8; 11:154.
https://doi.org/10.1186/1471-2458-11-154 PMID: 21385458

Guler SA, Bozkus F, Inci MF et al. Evaluation of Pulmonary and Extrapulmonary Tuberculosis in Immu-
nocompetent Adults: A Retrospective Case Series Analysis. Med Princ Pract,2015; 24(1):75-9. https://
doi.org/10.1159/000365511 PMID: 25341702

Arciniegas w, Orjuela DL. Extrapulmonary Tuberculosis: A Review of 102 Cases in Pereira, Colombia.
Biomedica, 2006, 26(1):71-80. PMID: 16929905

Yone EW, Kengne AP, Moifo B, et al. Prevalence and determinants of extrapulmonary involvement in
patients with pulmonary tuberculosis in a Sub-Saharan African country: A cross-sectional study. Scand
J Infect Dis,2013 Feb; 45(2):104—11. https://doi.org/10.3109/00365548.2012.714905 PMID: 22992019

Cailhol J, Decludt B, Che D. Sociodemographic factors that contribute to the development of extrapul-
monary tuberculosis were identified. J Clin Epidemiol, 2005 Oct; 58(10):1066—71. https://doi.org/10.
1016/j.jclinepi.2005.02.023 PMID: 16168353

Forssbohm M, Zwahlen M, Loddenkemper R, et al. Demographic characteristics of patients with extra-
pulmonary tuberculosis in Germany. Eur Respir J,2008 Jan; 31(1):99—-105. https://doi.org/10.1183/
09031936.00020607 PMID: 17804450

Jung SS, Park HS, Kim JO, et al. Incidence and clinical predictors of endobronchial tuberculosis in
patients with pulmonary tuberculosis. Respirology,2015 Apr; 20(3):488-95. https://doi.org/10.1111/
resp.12474 PMID: 25620110

Martinez AN, Rhee JT, Small PM, et al. Sex differences in the epidemiology of tuberculosis in San Fran-
cisco. Int J Tuberc Lung Dis,2000, 4(1): 26-31. PMID: 10654640

Rhines AS. The role of sex differences in the prevalence and transmission of tuberculosis. Tuberculosis
(Edinb),2013 Jan; 93(1):104—7. https://doi.org/10.1016/j.tube.2012.10.012 PMID: 23219235

PLOS ONE | https://doi.org/10.1371/journal.pone.0237753  August 21, 2020 12/15


https://doi.org/10.1016/j.ijmyco.2015.06.002
http://www.ncbi.nlm.nih.gov/pubmed/26964806
https://doi.org/10.4103/0377-4929.64327
http://www.ncbi.nlm.nih.gov/pubmed/20551522
https://doi.org/10.3201/eid2503.180572
http://www.ncbi.nlm.nih.gov/pubmed/30789144
http://www.ncbi.nlm.nih.gov/pubmed/23557946
https://doi.org/10.1186/s12941-015-0092-2
https://doi.org/10.1186/s12941-015-0092-2
http://www.ncbi.nlm.nih.gov/pubmed/26104066
https://doi.org/10.1016/j.ejim.2013.08.704
http://www.ncbi.nlm.nih.gov/pubmed/24028930
https://doi.org/10.1016/j.arcmed.2004.05.008
http://www.ncbi.nlm.nih.gov/pubmed/15610915
https://doi.org/10.1016/j.ijid.2008.11.013
https://doi.org/10.1016/j.ijid.2008.11.013
http://www.ncbi.nlm.nih.gov/pubmed/19196530
https://doi.org/10.3390/medicina55080428
https://doi.org/10.3390/medicina55080428
http://www.ncbi.nlm.nih.gov/pubmed/31375006
https://doi.org/10.1016/j.eimc.2016.06.002
https://doi.org/10.1016/j.eimc.2016.06.002
http://www.ncbi.nlm.nih.gov/pubmed/27474212
http://www.ncbi.nlm.nih.gov/pubmed/23420428
https://doi.org/10.1186/1471-2334-8-8
https://doi.org/10.1186/1471-2334-8-8
http://www.ncbi.nlm.nih.gov/pubmed/18218115
https://doi.org/10.1186/1471-2458-11-154
http://www.ncbi.nlm.nih.gov/pubmed/21385458
https://doi.org/10.1159/000365511
https://doi.org/10.1159/000365511
http://www.ncbi.nlm.nih.gov/pubmed/25341702
http://www.ncbi.nlm.nih.gov/pubmed/16929905
https://doi.org/10.3109/00365548.2012.714905
http://www.ncbi.nlm.nih.gov/pubmed/22992019
https://doi.org/10.1016/j.jclinepi.2005.02.023
https://doi.org/10.1016/j.jclinepi.2005.02.023
http://www.ncbi.nlm.nih.gov/pubmed/16168353
https://doi.org/10.1183/09031936.00020607
https://doi.org/10.1183/09031936.00020607
http://www.ncbi.nlm.nih.gov/pubmed/17804450
https://doi.org/10.1111/resp.12474
https://doi.org/10.1111/resp.12474
http://www.ncbi.nlm.nih.gov/pubmed/25620110
http://www.ncbi.nlm.nih.gov/pubmed/10654640
https://doi.org/10.1016/j.tube.2012.10.012
http://www.ncbi.nlm.nih.gov/pubmed/23219235
https://doi.org/10.1371/journal.pone.0237753

PLOS ONE

The epidemiology of extrapulmonary tuberculosis in China

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Yates TA, Atkinson SH. Ironing out sex differences in tuberculosis prevalence. Int J Tuberc Lung
Dis,2017 May 1; 21(5):483-484. https://doi.org/10.5588/ijtld.17.0194 PMID: 28399960

Horton KC, MacPherson P, Houben RM, et al. Sex Differences in Tuberculosis Burden and Notifications
in Low- and Middle-Income Countries: A Systematic Review and Meta-analysis. PLoS Med,2016 Sep
6; 13(9):e1002119. https://doi.org/10.1371/journal.pmed.1002119 PMID: 27598345

Kim MJ, Kim HR, Hwang SS, et al. Prevalence and its predictors of extrapulmonary involvement in
patients with pulmonary tuberculosis. J Korean Med Sci,2009 Apr; 24(2):237—41. https://doi.org/10.
3346/jkms.2009.24.2.237 PMID: 19399264

Licastro F, Candore G, Lio D, et al. Innate immunity and inflammation in ageing: a key for understanding
age-related diseases. Immun Ageing,2005 May 18; 2:8. https://doi.org/10.1186/1742-4933-2-8 PMID:
15904534

Rajagopalan S. Tuberculosis in Older Adults. Clin Geriatr Med. 2016 Aug; 32(3):479-91. https://doi.org/
10.1016/j.cger.2016.02.006 PMID: 27394018

Korzeniewska-Kosela M, Krysl J, Muller N, et al. Tuberculosis in young adults and the elderly. A pro-
spective comparison study. Chest 1994 Jul; 106(1):28-32. https://doi.org/10.1378/chest.106.1.28
PMID: 8020286

Fagiolo U, Cossarizza A, Scala E, et al. Increased cytokine production in mononuclear cells of healthy
elderly people. Eur J Immunol,1993, 23(9):2375-8. https://doi.org/10.1002/eji.1830230950 PMID:
8370415

Vandenabeele P, Fiers W. Is Amyloidogenesis During Alzheimer’s Disease Due to an IL-1-/IL-6-medi-
ated ‘Acute Phase Response’ in the Brain? Immunol Today. 1991; 12(7):217-9. https://doi.org/10.
1016/0167-5699(91)90032-O PMID: 1909530

Paganelli R, Quinti |, Fagiolo U, et al. Changes in Circulating B Cells and Immunoglobulin Classes and
Subclasses in a Healthy Aged Population. Clin Exp Immunol. 1992; 90(2):351—4. https://doi.org/10.
1111/j.1365-2249.1992.tb07954.x PMID: 1424294

Ligthart G. J, Radl J, Corberand J. X, et al. Monoclonal Gammopathies in Human Aging: Increased
Occurrence With Age and Correlation With Health Status. Ageing Dev. 1990. 52: 235. https://doi.org/
10.1016/0047-6374(90)90127-2

Ahluwalia VV, Dayananda SG, Singh TP, et al. MRI spectrum of CNS tuberculosis. J Indian Acad Clin
Med,2013, 14:83-90.

Kritsaneepaiboon S, Andres MM, Tatco VR, et al. Extrapulmonary involvement in pediatric tuberculosis.
Pediatr Radiol,2017 Sep; 47(10):1249-1259. https://doi.org/10.1007/s00247-017-3867-0 PMID:
29052770

te Beek LA, van der Werf MJ, Richter C, et al. Extrapulmonary tuberculosis by nationality, The Nether-
lands, 1993—2001. Emerg Infect Dis,2006 Sep; 12(9):1375-82. https://doi.org/10.3201/eid1209.050553
PMID: 17073086

Al-Hajoj S, Shoukri M, Memish Z, et al. Exploring the sociodemographic and clinical features of extrapul-
monary tuberculosis in Saudi Arabia. PLoS One,2015 Feb 3; 10(2):e0101667. https://doi.org/10.1371/
journal.pone.0101667 PMID: 25647300

Fader T, Parks J, Khan NU, et al. Extrapulmonary tuberculosis in Kabul, Afghanistan: a hospital-based
retrospective review. Int J Infect Dis,2010 Feb; 14(2):e102-10. https://doi.org/10.1016/j.ijid.2009.03.
023 PMID: 19541522

Yang Z, Kong Y, Wilson F, et al. Identification of risk factors for extrapulmonary tuberculosis. Clin Infect
Dis,2004 Jan 15; 38(2):199-205. https://doi.org/10.1086/380644 PMID: 14699451

Lin JN, Lai CH, Chen YH, et al. Risk factors for extra-pulmonary tuberculosis compared to pulmonary
tuberculosis. Int J Tuberc Lung Dis,2009, 13(5):620-5. PMID: 19383196

Kempainen R, Nelson K, Williams DN, et al. Mycobacterium tuberculosis disease in Somali immigrants
in Minnesota. Chest,2001 Jan; 119(1):176-80. https://doi.org/10.1378/chest.119.1.176 PMID:
11157601

Kim JH, Lee SY, Lee SH, et al. NRAMP1 genetic polymorphisms as a risk factor of tuberculous pleurisy.
Int J Tuberc Lung Dis,2003, 7(4):370-5. PMID: 12729343

Roy A, Eisenhut M, Harris RJ, et al. Effect of BCG vaccination against Mycobacterium tuberculosis
infection in children: systematic review and meta-analysis. BMJ,2014 Aug 5; 349: g4643. https://doi.
org/10.1136/bmj.g4643 PMID: 25097193

Benwill JL, Sarria JC. Laryngeal tuberculosis in the United States of America: a forgotten disease.
Scand J Infect Dis. 2014 Apr; 46(4):241-9. https://doi.org/10.3109/00365548.2013.877157 PMID:
24628484

Wang CC, Lin CC, Wang CP, et al. Laryngeal tuberculosis: a review of 26 cases. Otolaryngol Head
Neck Surg,2007 Oct; 137(4):582-8. https://doi.org/10.1016/j.0tohns.2007.04.002 PMID: 17903574

PLOS ONE | https://doi.org/10.1371/journal.pone.0237753  August 21, 2020 13/15


https://doi.org/10.5588/ijtld.17.0194
http://www.ncbi.nlm.nih.gov/pubmed/28399960
https://doi.org/10.1371/journal.pmed.1002119
http://www.ncbi.nlm.nih.gov/pubmed/27598345
https://doi.org/10.3346/jkms.2009.24.2.237
https://doi.org/10.3346/jkms.2009.24.2.237
http://www.ncbi.nlm.nih.gov/pubmed/19399264
https://doi.org/10.1186/1742-4933-2-8
http://www.ncbi.nlm.nih.gov/pubmed/15904534
https://doi.org/10.1016/j.cger.2016.02.006
https://doi.org/10.1016/j.cger.2016.02.006
http://www.ncbi.nlm.nih.gov/pubmed/27394018
https://doi.org/10.1378/chest.106.1.28
http://www.ncbi.nlm.nih.gov/pubmed/8020286
https://doi.org/10.1002/eji.1830230950
http://www.ncbi.nlm.nih.gov/pubmed/8370415
https://doi.org/10.1016/0167-5699(91)90032-O
https://doi.org/10.1016/0167-5699(91)90032-O
http://www.ncbi.nlm.nih.gov/pubmed/1909530
https://doi.org/10.1111/j.1365-2249.1992.tb07954.x
https://doi.org/10.1111/j.1365-2249.1992.tb07954.x
http://www.ncbi.nlm.nih.gov/pubmed/1424294
https://doi.org/10.1016/0047-6374(90)90127-2
https://doi.org/10.1016/0047-6374(90)90127-2
https://doi.org/10.1007/s00247-017-3867-0
http://www.ncbi.nlm.nih.gov/pubmed/29052770
https://doi.org/10.3201/eid1209.050553
http://www.ncbi.nlm.nih.gov/pubmed/17073086
https://doi.org/10.1371/journal.pone.0101667
https://doi.org/10.1371/journal.pone.0101667
http://www.ncbi.nlm.nih.gov/pubmed/25647300
https://doi.org/10.1016/j.ijid.2009.03.023
https://doi.org/10.1016/j.ijid.2009.03.023
http://www.ncbi.nlm.nih.gov/pubmed/19541522
https://doi.org/10.1086/380644
http://www.ncbi.nlm.nih.gov/pubmed/14699451
http://www.ncbi.nlm.nih.gov/pubmed/19383196
https://doi.org/10.1378/chest.119.1.176
http://www.ncbi.nlm.nih.gov/pubmed/11157601
http://www.ncbi.nlm.nih.gov/pubmed/12729343
https://doi.org/10.1136/bmj.g4643
https://doi.org/10.1136/bmj.g4643
http://www.ncbi.nlm.nih.gov/pubmed/25097193
https://doi.org/10.3109/00365548.2013.877157
http://www.ncbi.nlm.nih.gov/pubmed/24628484
https://doi.org/10.1016/j.otohns.2007.04.002
http://www.ncbi.nlm.nih.gov/pubmed/17903574
https://doi.org/10.1371/journal.pone.0237753

PLOS ONE

The epidemiology of extrapulmonary tuberculosis in China

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Ling Ling, Zhou Shui-Hong, Wang Shen-Qing. Changing Trends in the Clinical Features of Laryngeal
Tuberculosis: A Report of 19 Cases. Int J Infect Dis,2010 Mar; 14(3): e230-5. https://doi.org/10.1016/j.
ijid.2009.05.002 PMID: 19647463 Epub 2009 Aug 3.

Lim Jae-Yol, Kim Kwang-Moon, Eun Chang Choi, et al. Current Clinical Propensity of Laryngeal Tuber-
culosis: Review of 60 Cases. Eur Arch Otorhinolaryngol,2006 Sep; 263(9):838—42. https://doi.org/10.
1007/s00405-006-0063-5 PMID: 16835742 Epub 2006 Jul 12.

ShinJ E,Nam S, Yoo S J, et al. Changing Trends in Clinical Manifestations of Laryngeal Tuberculo-
sis. Laryngoscope, 2000 Nov; 110(11):1950-3. https://doi.org/10.1097/00005537-200011000-00034
PMID: 11081616

Rizzo PB, Da Mosto MC, Clari M, et al. Laryngeal tuberculosis: an often forgotten diagnosis. Int J Infect
Dis,2003 Jun; 7(2):129-31. https://doi.org/10.1016/s1201-9712(03)90008-7 PMID: 12839714

Xue Q, Wang N, Xue X, et al. Endobronchial tuberculosis: an overview. Eur J Clin Microbiol Infect
Dis,2011 Sep; 30(9):1039-44. https://doi.org/10.1007/s10096-011-1205-2 PMID: 21499709

Jiao An-Xia, Sun Lin, Liu Fang, et al. Characteristics and Clinical Role of Bronchoscopy in Diagnosis of
Childhood Endobronchial Tuberculosis. World J Pediatr,2017 Dec; 13(6):599-603. https://doi.org/10.
1007/s12519-017-0046-1 PMID: 28623556

Hoheisel G, Chan B K, Chan C H, et al. Endobronchial Tuberculosis: Diagnostic Features and Thera-
peutic Outcome. Respir Med, 1994 Sep; 88(8):593—7. hitps://doi.org/10.1016/s0954-6111(05)80007-1
PMID: 7991884

Lee H, Park S S, Lee D H, et al. Endobronchial Tuberculosis. Clinical and Bronchoscopic Features in
121 Cases. Chest, 1992 Oct; 102(4):990—4. https://doi.org/10.1378/chest.102.4.990 PMID: 1395814

Van den Brande P M, Van de Mierop F, Verbeken E K, et al. Clinical Spectrum of Endobronchial Tuber-
culosis in Elderly Patients. Arch Intern Med, 1990 Oct; 150(10):2105-8. https://doi.org/10.1001/
archinte.150.10.2105 PMID: 2121113

Altin S, Cikrikgioglu S, Morgul M, et al. 50 Endobronchial Tuberculosis Cases Based on Bronchoscopic
Diagnosis. Respiration,1997; 64(2):162—4. https://doi.org/10.1159/000196662 PMID: 9097353

Geake James, Hammerschlag Gary, Nguyen Phan, et al. Utility of EBUS-TBNA for Diagnosis of Medi-
astinal Tuberculous Lymphadenitis: A Multicentre Australian Experience. J Thorac Dis,2015 Mar; 7
(3):439-48. https://doi.org/10.3978/).issn.2072-1439.2015.01.33 PMID: 25922723

Rzechorzek Wojciech, Szankowska Michalina, Szczepankiewicz Benedykt, et al. Detecting Mycobacte-
rium Tuberculosis Complex DNA, Based on Post-Mortem Examination of Hilar Lymph Nodes With
Real-Time PCR: Initial Study. Pneumonol Alergol Pol,2014; 82(5):430-6. https://doi.org/10.5603/PiAP.
2014.0056 PMID: 25133811

Tatar Dursun, Senol Gunes, Alptekin Serpil, et al. Assessment of Lymph Node Tuberculosis in Two
Provinces in Turkey. Jpn J Infect Dis,2011; 64(4):316—21. PMID: 21788708

Sezai Tagbakan Mehmet, Pullukgu Hiisnii, Resat Sipahi Oduz, et al. [Evaluation of 694 Tuberculous
Lymphadenitis Cases Reported From Turkey Between 1997—2009 Period by Pooled Analysis Method]
Mikrobiyol Bul,2010 Jul; 44(3):385-93. PMID: 21063988

Priel | E, Katz A N, Dolev E. Tuberculous lymphadenitis in a general hospital. Harefuah,1994 Dec 1; 127
(11):438-40, 504. PMID: 7806100

Horvath K D, Whelan R L. Intestinal Tuberculosis: Return of an Old Disease. Am J Gastroenterol, 1998
May; 93(5):692—6. https://doi.org/10.1111/.1572-0241.1998.207_a.x PMID: 9625110

Kim KM, Lee A, Choi KY, et al. Intestinal tuberculosis: clinicopathologic analysis and diagnosis by endo-
scopic biopsy. Am J Gastroenterol, 1998 Apr; 93(4):606-9. https://doi.org/10.1111/j.1572-0241.1998.
173_b.x PMID: 9576456

Saaiq Muhammad, Aslam Shah Syed, Zubair Muhammad. Abdominal Tuberculosis: Epidemiologic
Profile and Management Experience of 233 Cases. J Pak Med Assoc,2012 Jul; 62(7):704—7. PMID:
23866520

Tai Wei-Ping, Hu Pin-Jin, Zhai Hong-Zhen, et al. The Clinical Analysis of 34 Cases of Intestinal Tuber-
culosis in China’s Big City Hospitals. Int J Colorectal Dis,2011 Oct; 26(10):1339—43. https://doi.org/10.
1007/s00384-011-1219-3 PMID: 21541662

Wang HS, Chen WS, Su WJ, et al. The changing pattern of intestinal tuberculosis: 30 years’ experience.
IntJ Tuberc Lung Dis. 1998 Jul; 2(7):569-74. PMID: 9661824

Liam CK, Lim KH, Wong CM. Causes of pleural exudates in a region with a high incidence of tuberculo-
sis. Respirology,2000 Mar; 5(1):33-8. https://doi.org/10.1046/j.1440-1843.2000.00223.x PMID:
10728729

Selig L, Cunha AJLA, Teixeira EG, et al. Anti-HIV testing for tuberculosis patients in Rio de Janeiro
State. Pulmao RJ 2001; 10:8-13.

PLOS ONE | https://doi.org/10.1371/journal.pone.0237753  August 21, 2020 14/15


https://doi.org/10.1016/j.ijid.2009.05.002
https://doi.org/10.1016/j.ijid.2009.05.002
http://www.ncbi.nlm.nih.gov/pubmed/19647463
https://doi.org/10.1007/s00405-006-0063-5
https://doi.org/10.1007/s00405-006-0063-5
http://www.ncbi.nlm.nih.gov/pubmed/16835742
https://doi.org/10.1097/00005537-200011000-00034
http://www.ncbi.nlm.nih.gov/pubmed/11081616
https://doi.org/10.1016/s1201-9712(03)90008-7
http://www.ncbi.nlm.nih.gov/pubmed/12839714
https://doi.org/10.1007/s10096-011-1205-2
http://www.ncbi.nlm.nih.gov/pubmed/21499709
https://doi.org/10.1007/s12519-017-0046-1
https://doi.org/10.1007/s12519-017-0046-1
http://www.ncbi.nlm.nih.gov/pubmed/28623556
https://doi.org/10.1016/s0954-6111(05)80007-1
http://www.ncbi.nlm.nih.gov/pubmed/7991884
https://doi.org/10.1378/chest.102.4.990
http://www.ncbi.nlm.nih.gov/pubmed/1395814
https://doi.org/10.1001/archinte.150.10.2105
https://doi.org/10.1001/archinte.150.10.2105
http://www.ncbi.nlm.nih.gov/pubmed/2121113
https://doi.org/10.1159/000196662
http://www.ncbi.nlm.nih.gov/pubmed/9097353
https://doi.org/10.3978/j.issn.2072-1439.2015.01.33
http://www.ncbi.nlm.nih.gov/pubmed/25922723
https://doi.org/10.5603/PiAP.2014.0056
https://doi.org/10.5603/PiAP.2014.0056
http://www.ncbi.nlm.nih.gov/pubmed/25133811
http://www.ncbi.nlm.nih.gov/pubmed/21788708
http://www.ncbi.nlm.nih.gov/pubmed/21063988
http://www.ncbi.nlm.nih.gov/pubmed/7806100
https://doi.org/10.1111/j.1572-0241.1998.207_a.x
http://www.ncbi.nlm.nih.gov/pubmed/9625110
https://doi.org/10.1111/j.1572-0241.1998.173_b.x
https://doi.org/10.1111/j.1572-0241.1998.173_b.x
http://www.ncbi.nlm.nih.gov/pubmed/9576456
http://www.ncbi.nlm.nih.gov/pubmed/23866520
https://doi.org/10.1007/s00384-011-1219-3
https://doi.org/10.1007/s00384-011-1219-3
http://www.ncbi.nlm.nih.gov/pubmed/21541662
http://www.ncbi.nlm.nih.gov/pubmed/9661824
https://doi.org/10.1046/j.1440-1843.2000.00223.x
http://www.ncbi.nlm.nih.gov/pubmed/10728729
https://doi.org/10.1371/journal.pone.0237753

PLOS ONE

The epidemiology of extrapulmonary tuberculosis in China

83.

84.
85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Valdes L, Pose A, San Jose E, et al. Tuberculous pleural effusions. Eur J Intern Med,2003 Mar; 14
(2):77-88. https://doi.org/10.1016/S0953-6205(03)00018-9 PMID: 12719023

Frank W. Tuberculous pleural effusions. Eur Respir Mon 2002; 22:219-233.

Siebert AF, Haynes J Jr, Middleton R, et al. Tuberculous pleural effusion: twenty-year experience.
Chest, 1991 Apr; 99(4):883-6. https://doi.org/10.1378/chest.99.4.883 PMID: 1901261

Valdes L, Aivarez S, San Jose E, et al. Tuberculous pleurisy: a study of 254 patients. Arch Intern
Med, 1998 Oct 12; 158(18):2017-21. https://doi.org/10.1001/archinte.158.18.2017 PMID: 9778201

Kim HJ, Lee HJ, Kwon S-Y, et al. The prevalence of pulmonary parenchymal tuberculosis in patients
with tuberculous pleuritis. Chest,2006 May; 129(5):1253-8. https://doi.org/10.1378/chest.129.5.1253
PMID: 16685016

Chan C H, Arnold M, Chan C Y, et al. Clinical and Pathological Features of Tuberculous Pleural Effusion
and lts Long-Term Consequences. Respiration,1991; 58(3—4):171-5. https://doi.org/10.1159/
000195921 PMID: 1745850

Seibert A F, Middleton Haynes Jr, et al. Tuberculous Pleural Effusion. Twenty-year Experience.
Chest, 1991 Apr; 99(4):883-6. https://doi.org/10.1378/chest.99.4.883 PMID: 1901261

Cherian A, Thomas S V. Central Nervous System Tuberculosis. Afr Health Sci, 2011 Mar; 11(1):116—
27. PMID: 21572867

Bozluolcay M, Pelin Z. Tuberculosis of the central nervous system in Turkey: a retrospective study of 90
adult patients. Journal of Neurological Sciences, vol. 20, no. 2, pp.120—126, 2003.

Porkert M T, Sotir M, Parrott-Moore P, et al. Tuberculous meningitis at a large inner-city medical center.
Am J Med Sci, 1997 Jun; 313(6):325-31. https://doi.org/10.1097/00000441-199706000-00002 PMID:
9186145

Pehlivanoglu Filiz, Kart Yasar Kadriye, Sengoz Gonul, et al. Tuberculous Meningitis in Adults: A Review
of 160 Cases. ScientificWorldJournal,2012; 2012:169028. https://doi.org/10.1100/2012/169028 PMID:
22619611

Modi M, Sharma K, Prabhakar S, et al. Clinical and Radiological Predictors of Outcome in Tubercular
Meningitis: A Prospective Study of 209 Patients. Clin Neurol Neurosurg,2017 Oct; 161:29-34. https:/
doi.org/10.1016/j.clineuro.2017.08.006 PMID: 28843114

Christensen Anne-Sophie H, Andersen Ase B, Thomsen Vibeke O, et al. Tuberculous Meningitis in
Denmark: A Review of 50 Cases. BMC Infect Dis,2011 Feb 22; 11:47. https://doi.org/10.1186/1471-
2334-11-47 PMID: 21342524

van Well Gijs T J, Paes Berbe F, Terwee Caroline B, et al. Twenty Years of Pediatric Tuberculous Men-
ingitis: A Retrospective Cohort Study in the Western Cape of South Africa. Pediatrics,2009; 123(1):e1—
8. https://doi.org/10.1542/peds.2008-1353 PMID: 19367678

PLOS ONE | https://doi.org/10.1371/journal.pone.0237753  August 21, 2020 15/15


https://doi.org/10.1016/S0953-6205(03)00018-9
http://www.ncbi.nlm.nih.gov/pubmed/12719023
https://doi.org/10.1378/chest.99.4.883
http://www.ncbi.nlm.nih.gov/pubmed/1901261
https://doi.org/10.1001/archinte.158.18.2017
http://www.ncbi.nlm.nih.gov/pubmed/9778201
https://doi.org/10.1378/chest.129.5.1253
http://www.ncbi.nlm.nih.gov/pubmed/16685016
https://doi.org/10.1159/000195921
https://doi.org/10.1159/000195921
http://www.ncbi.nlm.nih.gov/pubmed/1745850
https://doi.org/10.1378/chest.99.4.883
http://www.ncbi.nlm.nih.gov/pubmed/1901261
http://www.ncbi.nlm.nih.gov/pubmed/21572867
https://doi.org/10.1097/00000441-199706000-00002
http://www.ncbi.nlm.nih.gov/pubmed/9186145
https://doi.org/10.1100/2012/169028
http://www.ncbi.nlm.nih.gov/pubmed/22619611
https://doi.org/10.1016/j.clineuro.2017.08.006
https://doi.org/10.1016/j.clineuro.2017.08.006
http://www.ncbi.nlm.nih.gov/pubmed/28843114
https://doi.org/10.1186/1471-2334-11-47
https://doi.org/10.1186/1471-2334-11-47
http://www.ncbi.nlm.nih.gov/pubmed/21342524
https://doi.org/10.1542/peds.2008-1353
http://www.ncbi.nlm.nih.gov/pubmed/19367678
https://doi.org/10.1371/journal.pone.0237753

