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Abstract

Objectives—The proportion of extrapulmonary tuberculosis (EPTB) cases in the United States
(US) has been rising due to a slower rate of decline in EPTB compared to pulmonary tuberculosis
(PTB). The purpose of this study was to characterize the clinical and treatment differences
between EPTB and PTB patients, and identify patient factors associated with EPTB.

Study Design—We performed a retrospective cohort study of active tuberculosis (TB) cases
treated at the Baltimore City Health Department between 2008 and 2013.

Methods—We categorized patients as having “only PTB” (infection in the lung parenchyma),
“EPTB/PTB” (infection in the lung and an additional site), and “only EPTB” (infection not
involving the lung). Pearson's x squared tests were used to evaluate categorical variables and
compare clinical and demographic differences between only PTB, only EPTB, and EPTB/PTB
patients. Student t-tests and one-way analysis of variance tests were utilized to assess continuous
variables and to compare treatment differences.
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Results—One hundred and sixty-three patients were treated for TB; 39.3% had some form of
EPTB (either EPTB/PTB or only EPTB). There was no difference found between EPTB, PTB, and
EPTB/PTB patients with respect to HIV status, gender, race, foreign-born status, or mean age.
Patients with only EPTB were less likely than patients with some form of PTB (only PTB or
EPTB/PTB) to present with cough (30.4% vs. 61.5%; p<0.001), night sweats (10.9% vs. 39.3%;
p<0.001), and weight loss (28.3% vs. 47.9%; p=0.023). Patients some form of EPTB were also
more likely to be hospitalized post-diagnosis compared to patients with only PTB (39.1% vs.
20.2%; p=0.009), and to have longer mean durations of treatment (37.9 weeks [SD=11.1] vs. 31.8
weeks [SD=8.1]; p<0.001).

Conclusions—EPTB patients present with atypical symptoms, undergo prolonged treatment,
and experience increased hospitalizations. In order to improve diagnostic algorithms and treatment
modalities, EPTB must be further characterized.
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Tuberculosis; Extra pulmonary tuberculosis; Baltimore City; Foreign born

Introduction

Tuberculosis (TB) remains a public health concern in the United States (US), despite recent
decreases in incidencel. Nationally there are 3.0 cases of TB per 100,000 persons; while this
is a significant improvement from the country's rate of 10.4 in 1992, it is still far from the
goal of TB elimination (<1 case per 100,000)2.

While the national rates of TB have been steadily improving in the last decade, the rate of
decline of extrapulmonary TB (EPTB) has been slower that of pulmonary TB (PTB)3. As
such, the proportion of TB cases in the US that are EPTB has been increasing; in 2013 21%
of all TB cases were EPTB, compared to approximately 16% in 19932-5. It has been
hypothesized that this slower reduction in EPTB cases is due to an increased prevalence of
proposed risk factors for EPTB, such as HIV, foreign-born status, and advanced age3. Failure
to identify and adequately treat EPTB can lead to the development of disseminated disease
(including PTB) and the development of multidrug-resistant TB; however, few studies have
examined risk factors for EPTB in the US, and even less have done so since the beginning of
the antiretroviral therapy (ART) era3-/.

Baltimore City is an urban area in Maryland with a population of approximately 620,0008.
TB in Baltimore is a public health concern; the annual case incidence in 2013 was 3.9 per
100,000, which exceeds the national averagel: 8. Challenges to TB control in Baltimore
include high rates of homelessness, HIV infection, and substance abuse®11. In addition, like
many public health departments, the Baltimore City Health Department (BCHD) has limited
resources. Cases of EPTB in public health settings (such as the BCHD) present additional
challenges to TB control programs that have historically focused on the care of PTB
patientsl2,

While the general epidemiology of EPTB has been characterized at the national level, only
one prior study has examined differences in presenting symptoms between PTB and EPTB

Public Health. Author manuscript; available in PMC 2017 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sama et al.

Methods

Page 3

patients in the US, and no prior studies have examined differences in length of treatment and
hospitalizations3 7. Such information is important for clinicians and TB programs that care
for patients with EPTB. The purpose of this study was to determine the burden of EPTB in
Baltimore City, characterize clinical and treatment differences between EPTB and PTB
patients, and identify patient-specific factors associated with EPTB. Persons with active TB
treated at the BCHD between January 2008 December and 2013 were included in the study.

Study Design

We performed a retrospective cohort study of all microbiologically and clinically diagnosed
active TB cases treated at the BCHD between January 2008 and December 2013. We
abstracted data from both the BCHD electronic database and paper charts; demographic
variables (age, sex, and country of birth, HIV status), presenting symptoms, site of disease,
microbiological data, and treatment outcomes were collected.

Cases were categorized by site of disease. We determined the burden of EPTB within
Baltimore city by reporting the proportion of patients with EPTB alone or in combination
with PTB. TB within the lung parenchyma exclusively was classified as “only PTB,” while
cases with TB exclusively involving any organ outside of the lungs were classified as “only
EPTB;” cases with both pulmonary and extrapulmonary disease were categorized as “EPTB/
PTB.” Additional analyses were conducted in which cases were classified as having “some
form of EPTB” (either only EPTB or EPTB/PTB) and “some form of PTB” (either only
PTB or EPTB/PTB). EPTB cases were further characterized based on their primary site of
disease (pleural, lymphatic, central nervous system, musculoskeletal, gastrointestinal, and
pericardial). Individuals with more than one site of involvement were classified based on the
site with greater amount of disease during chart review.

Statistical Analyses

Statistical analysis was performed using STATA version 12.1. Pearson's x squared tests were
used to evaluate categorical variables and compare clinical and demographic differences
between only PTB, only EPTB, and EPTB/PTB patients. Student t-tests and one-way
analysis of variance tests were utilized to assess continuous variables and to compare
differences in treatment. Patients who lacked treatment completion data due to death,
transfer out of the BCHD jurisdiction, and being on treatment at the time of analysis were
excluded from the analyses of treatment outcomes and treatment duration. In addition, one
patient who was diagnosed with multidrug-resistant TB (MDR-TB) during the study period
was also excluded from the analyses. Multivariate logistic regression analyses were used to
evaluate risk factors associated with EPTB. Covariates for inclusion in the multivariate
model were selected on the basis of clinical relevance and interest and included age, gender,
foreign-born status, and HIV status.

The institutional review boards of the Johns Hopkins University School of Medicine and the
Baltimore City Health Department approved the study.
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Results

Patient Demographics

A total of 163 TB cases were treated at BCHD during the study period; 99/163 (60.7%) of
cases were only PTB, 46/163 (28.2%) were only EPTB, and 18/163 (11.0%) were
EPTB/PTB (Table 1). There was no statistically significant difference in the proportion of
cases with EPTB or EPTB/PTB by year of presentation (=0.813). The majority of patients
were male (100/163 [61.4%]), while 102/163 (62.6%) were African-American. The mean
age of presentation was 47.3 (SD=20.3). while themedian age of presentation was 45 years
(IQR 30-64). Foreign-born individuals made up 44% (72/163) of all patients, with 47.0%
(34/72) originating from Asia and 22% (16/72) originating from Africa. Overall, foreign-
born patients were significantly younger than US-born patients (mean age 38 years
[SD=17.6] for foreign-born patients and 54 [SD=19.3] for US-born patients, respectively;
p<0.001); there were no other demographic differences between foreign-born and US-born
patients.

In terms of diagnosis, 126/163 (77.3%) of cases had a positive microbiologic study (smear,
culture, or nucleic acid amplification testing), while 5/163 patients (3.1%) were diagnosed
via pathology alone. A clinical diagnosis (without any microbiologic or pathologic
confirmation) was made in 32/163 (19.6%) cases. Over half of the sample was hospitalized
at the time of diagnosis (52.2% [85/163]).

Out of the 163 patients in the sample, 7 people transferred out of the BCHD program prior
to treatment completion, 3 were lost to follow up (defaulted), and 5 were still on treatment at
the time of analysis. We therefore had treatment outcome data available for 148 patients;
20/148 (13.4%) of patients died during treatment (2 prior to treatment initiation), while the
rest were cured.

HIV infection was present in 20/168 (12.8%) patients; there were 9 people in the sample
whose HIV status was not known. Persons living with HIV (PLWH) were significantly more
likely to have an outcome of death compared to patients without HIV or with an unknown
HIV status (7/19 [36.8%], 12/121 [9.9%)], and 1/8 [12.5%] for PLWH, HIV-uninfected, and
HIV-unknown persons, respectively; p=0.006).

Comparison of PTB, EPTB, and EPTB/PTB cases

There were no significant differences found between only EPTB, only PTB, and EPTB/PTB
patients with respect to HIV status, gender, race, foreign-born status, or mean age of
presentation. However, there was a trend towards an increased proportion of EPTB/PTB
patients having HIV infection (5/18 cases [27.8%]) compared to those with only EPTB (4/46
[8.7%]) and only PTB (11/99 [11/1%]; p=0.182). In terms of diagnosis, less individuals with
only EPTB had a microbiological diagnosis than those with some form of PTB (32/46
[69.6%] versus [vs.] 94/117 [80.3%]), respectively, though this did not reach statistical
significance (p=0.126). Patients with only EPTB were also more likely to be diagnosed on
the basis of pathology alone, compared to patients with some form of PTB (4/46 [8.7%] vs.
1/117 [0.85%)], respectively; p=0.022). Alternatively, more individuals with disseminated
disease at multiple sites (i.e. EPTB/PTB) had a microbiological confirmation than those with
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either only PTB or only EPTB (17/18 [94.4%] for EPTB/PTB, 77/99 [77.8%] for only PTB,
and 32/46 [69.6%] for only EPTB, respectively) although this did not reach statistical
significance (p=0.158).

For patients with only EPTB, the most common site of disease was the lymphatic system
(14/46 [30.4%]), followed by pleural disease (11/46 [23.9%]), musculoskeletal disease (9/46
[19.6 %]), and then central nervous system (CNS) disease (7/46 [15.2%]). There was a
significant difference in the sites of EPTB comparing those with and without HIV
(p<0.001); patients with HIV were more likely to present with CNS TB (5/20 [25%]) or
miliary TB (2/20 [10%]) compared to those without HIV (2/134 [1.5%] and 1/134 [0.8%]
for CNS TB and miliary TB, respectively).

Differences in symptom presentation were noted between groups (Table 2). Patients with
only EPTB were significantly less likely to present with cough than those with some form of
PTB (14/46 [30.4%] for only EPTB vs. 72/117 [61.5%] for some form of PTB; p<0.001).
They were also less likely to have night sweats (5/46 [10.9%] vs. 46/117 [39.3%]; p<0.001)
and weight loss (13/46 [28.3%] vs. 56/117 [47.9%]; p=0.023) than patients with some form
of PTB. In addition, patients with only EPTB were significantly more likely to have
lymphadenopathy than patients with some form of PTB (14/46 [20.4%] for only EPTB vs.
8/117 [6.8%] for some form of PTB; p<0.001), and back pain (3/46 [6.5%] vs. 1/117 [0.9%];
£~=0.035).

While we did not find any statistically significant differences between the site of TB and
being hospitalized at the time of diagnosis, there was a trend towards patients with some
form of EPTB being hospitalized more at diagnosis than patients with only PTB (37/64
[57.8%] vs. 48/99 [48.5%] for some form of EPTB and only PTB, respectively; p=0.244).
Patients with some form of EPTB were also significantly more likely to have subsequent
hospitalizations after they had initiated TB care compared to those with only PTB (25/64
[39.1%] vs. 20/99 [20.2%] for some form of EPTB and only PTB, respectively; £=0.009).

Regarding treatment differences, patients with some form of EPTB had statistically
significantly longer mean durations of treatment compared to those with only PTB (mean of
37.9 weeks [SD=11.7] for patients with some form of EPTB and 31.8 weeks [SD=8.1] for
patients with only PTB; p<0.001). There was a significant difference in treatment duration
among those with some form of EPTB based on site of disease (p<0.001), with 100% of
CNS TB cases, 89% of musculoskeletal TB cases, and 66% of miliary TB cases requiring
treatment beyond the standard 6 month duration for uncomplicated PTB (mean 58.5 weeks
[SD=9.2], 50.3 weeks [SD=11.1], and 42 weeks [SD=13] for CNS, musculoskeletal, and
military TB, respectively [Table 3]). There was also a significant difference between patients
with regards to the ordering of treatment extensions (an additional 12 weeks or more of
therapy beyond the initial planned treatment duration); 22/80 (27.5%) of only PTB patients,
13/32 (40.6%) of only EPTB patients, and 9/15 (60%) of EPTB/PTB patients received
extensions (=0.037).

There were no statistically significant differences seen with regard to treatment outcome
between patients; a higher proportion of patients with only EPTB had an outcome of death
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compared to patients with only PTB and EPTB/PTB, but this did not reach statistical
significance (8/40 [20.0%], 10/91 [11.0%], 2/17 [11.8%] for only EPTB, only PTB, and
EPTB/PTB, respectively; p=0.371).

On multivariate analysis, we did not identify any risk factors associated with EPTB after
adjusting for age, sex, foreign-born status, and HIV status
Discussion

Our study shows that between 2008-2013, 39.3% of TB cases in Baltimore City had some
form of EPTB, while 28% of cases had only EPTB without evidence of pulmonary disease.
In contrast to some prior reports, we did not find temporal changes or increases in the
proportion of patients with EPTB; rather we found consistently large proportions of EPTB
during the study period3. Overall, these results appear to indicate a higher EPTB period
prevalence in Baltimore City compared to the 21% prevalence recorded in the national data3.
These findings have implications for public health TB programs in terms of resource
allocation. Our study found that patients with EPTB have atypical symptoms that may go
unrecognized by clinicians; they also required more extensive diagnostics (e.g. tissue
pathology) and longer treatment durations.

We did not observe any difference between only PTB patients, only EPTB patients, and
EPTB/PTB patients with respect to age, sex, race, or foreign-born status. These findings are
important and indicate that it may not be possible to generate simple algorithms to identify
individuals at higher risk for EPTB. While our finding that foreign-born status is not a risk
factor for EPTB contrasts with prior work, this may be due to the relatively lower proportion
of TB among foreign-born persons in Baltimore City compared to other areas in Maryland
(and the nation)3: 4 6.13.14 Nonetheless, our findings in this regard are not unique; Gonzales
et. al similarly did not find an association between EPTB and foreign-born status in
Houston’. By contrast, other non-national database studies that have suggested an
association between EPTB and foreign-born status have been restricted to data from rural
settings, or among PLWH#* 6.

Several prior studies have also demonstrated an increased prevalence of EPTB infection in
patients with immunologic deficiencies in the US, specifically HIV co-infection® 5 15-17,
Interestingly, while there was a trend towards more HIV infection in our patients with
EPTB/PTB, we did not find any significant associations; we also did not observe a trend
towards more HIV infection in our EPTB patients. This may have been a result of the
relatively small number of PLWH in our study; however, it is also possible that our findings
represent a changing epidemiology of EPTB in the US in the era of greater access to and
usage of ART for HIV. Much of the prior work characterizing the epidemiology of EPTB in
the US was either done prior to the ART era, or examined a time period that included years
during which ART was not readily available. Additional larger studies are necessary to
determine if the epidemiology of EPTB has changed in recent years.

With regards to disease presentation, our results suggest that the majority of individuals with
EPTB do not present with symptoms that are considered characteristic for TB (e.g. cough,
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night sweats, etc.). The only other study to examine symptom differences among EPTB and
PTB patients in the US also found a paucity of “classic” TB symptoms; this implies that our
findings may potentially be generalizable to other TB programs’. As a lack of traditional
symptoms could lead to delays in diagnosis, this is important for TB programs; clinicians
must maintain a high index of suspicion for EPTB when patients present with atypical
symptoms18, In addition, clinicians must be aware of the potential diagnostic challenges for
patients who have isolated EPTB without PTB. To our knowledge, this is the first study in
the US to examine differences in microbiologic diagnoses between PTB and EPTB patients;
our data show that individuals with only EPTB had higher proportions of diagnoses based on
pathology alone. Providers should know that the diagnosis of EPTB in the absence of PTB
may require a more intensive evaluation.

To our knowledge this is also the first study done in the US to examine differences in
hospitalization patterns and treatment durations between EPTB and PTB patients. Our
patients with only PTB received a mean of nearly 32 calendar weeks of treatment; this
includes the time needed to make up missed doses and complete the standard 6-month
course, but also represents the need for treatment extension in some individuals with
extensive disease and/or slow treatment response. Despite this, patients with the presence of
some form of EPTB were still treated for a significantly longer period of time than only PTB
patients (37.9 weeks). This finding alone is not surprising, given that some sites of EPTB
disease are recommended to receive longer durations of treatment than PTB (such as CNS
disease)18-20, However, we also found that compared to patients with only PTB, those with
only EPTB and EPTB/PTB required more treatment extensions beyond what was initially
planned. This implies that such patients are receiving longer lengths of treatment than was
expected for their site of disease. However, due to our sample size we were unable to
compare specific sites of EPTB to PTB in terms of treatment duration; larger studies are
needed to examine this. We also found that patients with some form of EPTB were more
likely to have subsequent hospitalization during treatment (i.e. hospitalization beyond those
during initial diagnosis); such hospitalizations require increased capital from health systems.
While reasons for hospitalization were not consistently available during this study, these
findings may suggest that patients with EPTB have more treatment complications or greater
disease severity requiring inpatient management. Our findings thus demonstrate that
increased resources must be directed towards the care of patients with EPTB, which is
significant in an era of both public health and health system budget constraints.

Our study has several limitations. First, Baltimore city is an urban environment of medium
size with a relatively low absolute number of TB cases; as such, our findings may not be
generalizable to cities of larger size, or low/middle-income countries where TB incidence is
higher. Nonetheless, we provided detailed analyses that will aid clinicians and public health
officials in low TB-prevalence settings in directing resources towards a goal of TB
elimination. As with all retrospective analyses, our primary source data was collected for
clinical or public health purposes, rather than for research; we were therefore limited in the
number of clinical and demographic patient-specific factors that could be assessed when
comparing individuals with and without EPTB. However, we conducted detailed chart
reviews and provide important insights into the diagnosis and treatment of EPTB patients in
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a public health TB program. Given relatively small sample size, our ability to conduct
comparisons among subgroups was limited.

Our work shows that there is a significant burden of EPTB in Baltimore, and that patients
with EPTB have different presentations, diagnostic needs, and treatment courses than
patients with PTB. In addition, EPTB represents a challenge to financially limited health
departments due to prolonged treatment and increased hospitalizations. In order to improve
diagnostic algorithms and treatment modalities, EPTB must be further characterized.
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Highlights

. We perform a cohort study of tuberculosis (TB) cases treated at a health
department

. We examine clinical differences among extrapulmonary and pulmonary
TB patients

. Patients with extrapulmonary TB present with atypical symptoms

. They also and undergo prolonged treatment and experience increased
hospitalizations

. Extrapulmonary TB must be further examined to improve diagnosis

and treatment
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Table 2
Clinical characteristics of patients?

Characteristic Only EPTB n=46 (%) Some form of PTB n=117(%) p-value

Initial Symptoms *

Cough 14 (30.4) 72 (61.5) <0.001
Lymphadenopathy 14 (30.4) 8 (6.8) <0.001
Weight loss 13 (28.3) 56 (47.9) 0.023
Fever 13 (28.3) 43 (36.8) 0.304
Chest pain 7(15.2) 24 (20.5) 0.438
Anorexia 6 (13.0) 22 (18.8) 0.380
Night sweats 5(10.9) 46 (39.3) <0.001
Altered mental status 5(10.9) 5(4.3) 0.114
Back pain 3(6.5) 1(0.9) 0.035
Shortness of breath 3(6.5) 5(4.3) 0.550
Malaise 2(43) 9(7.7) 0.444
Hemoptysis 1(2.2) 9 (7.7) 0.186
Gl symptoms 5(10.9) 7(6.0) 0.282

EPTB disease site”

Lymph Node 14 (30.4)

Pleural 11 (23.9)

Bone 9 (19.6)

CNSTB 7(15.2)

Gl 4(8.7)

Other 1(2.2)

Diagnosis >

Microbiologic 32 (69.6) 94 (80.3) 0.126
Pathologic 4(8.7) 1(0.9) 0.022
Clinical 10 (21.7) 22(18.8) 0.672

PTB = pulmonary tuberculosis; EPTB = extrapulmonary tuberculosis; CNS=central nervous system; Gl=gastrointestinal
Pearson's x squared tests used for all analyses

*

Analysis of clinical symptoms of some form of EPTB vs. only PTB: some form of EPTB vs. only PTB less likely to have cough (25/64 [39.1%]
vs. 61/99 [61.6%]; p=0.005) and hemoptysis (1/64 [1.6%] vs. 9/99 [9%]; p=0.05). Some form of EPTB more likely to have lymphadenopathy than
only PTB (18/64 [28.1%] vs. 4/99 [4%)]; p<0.001) and GI symptoms (10/64 [15.6%] vs. 2/99 [2%]; p=0.001). No other differences found.

fEPTB disease sites for EPTB/PTB were as follows (n): lymph node (6), pleural (6), bone (1), CNS TB (1), GI (1), miliary (3)

Aok

More persons with EPTB/PTB had microbiological diagnosis than only PTB or EPTB (17/18 [94.4%] for EPTB/PTB; 77/99 [77.8%] for only
PTB; 32/46 [69.6%)] for only EPTB), but was not significant (p=0.158). More persons with only EPTB had pathologic diagnosis than only PTB or
PTB/EPTB (4/46 [8.7%)] for EPTB only; 1/99 for PTB only [1.0%]; 0/18 [0.0%] for EPTB/PTB); was not significant (p=.053). No difference in
clinical diagnosis among only PTB, only EPTB, and EPTB/PTB (21/99 [21.2%]; 10/46 [21.7%]; 1/18 [5.6%], respectively; p=.028).
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Treatment course of patients?

Page 14

Characteristic Only PTB n=99 (% or SD)  Some form of EPTB n=64 (% or SD)  p-value
Treatment outcome ™ 0.256

Treatment success” 81(89.0) 47 (82.5)

Death 10 (11.0) 10 (17.5)

Mean treatment duration in weeks (SD) > 31.8(8.1) 37.9(11.7) <0.001
Mean treatment duration in weeks by site EPTB <0.001
Lymph Node 32.9(8.5)

Pleural 32.8(6.1)

Bone 50.3(11.1)

CNSTB 58.5(9.2)

Gl 34.7 (10.8)

Miliary 42 (13)

Hospitalization at time of diagnosis 48 (48.5) 37 (57.8) 0.244

Subsequent hospitalization o 20(20.2) 25(39.1) 0.009

PTB= pulmonary tuberculosis; EPTB=extrapulmonary tuberculosis; CNS=central nervous system; Gl=gastrointestinal; SD=standard deviation

PTreatment outcome, hospitalization at time of diagnosis, and subsequent hospitalization analyzed using Pearson’s x squared tests. Mean treatment
duration by site of TB and treatment outcome by age of presentation analyzed using one-way analysis of variance and student's t-tests.

*

Outcomes available for 148 patients (7 transferred out, 3 lost to follow up, and 5 still on treatment at time of analysis). More persons with only
EPTB had an outcome of death compared to only PTB and EPTB/PTB; was not significant (8/40 [20.0%]; 10/91 [11.0%]; 2/17 [11.8%] for only
EPTB, only PTB, and EPTB/PTB, respectively; p=0.371).

fTreatment success = alive and cured of TB at end of treatment. Persons who had treatment success were younger than those who did not (mean

age 44.7 [SD=19.9] vs. 63.3 [SD=19.2]; p<.001).

*ok

Data analyzed on 127 patients (20 patients who died and 1 MDR-TB patient excluded). There was a difference in mean treatment duration
comparing those with EPTB only (n=32, mean duration 37.9 weeks) to some form of PTB (n=95, mean duration of 32.8 weeks; p=.012).

Aok

Subsequent hospitalization = any hospitalization after treatment was initiated
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