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Abstract

Introduction

Tuberculosis (TB) mortality estimates derived only from cohorts of patients initiated on TB
treatment do not consider outcomes of patients with pretreatment loss to follow-up (LFU).
We aimed to assess the effect of pretreatment LFU on TB-associated mortality in the six
months following TB diagnosis at public health facilities in Uganda.

Methods

At ten public health facilities, we retrospectively reviewed treatment data for all patients with
a positive Xpert®MTB/RIF test result from January to June 2018. Pretreatment LFU was
defined as not initiating TB treatment within two weeks of a positive test. We traced patients
with pretreatment LFU to ascertain their vital status. We performed Kaplan Meier survival
analysis to compare the cumulative incidence of mortality, six months after diagnosis
among patients who did and did not experience pretreatment LFU. We also determined the
health facility level estimates of TB associated mortality before and after incorporating
deaths prior to treatment initiation among patients who experienced pretreatment LFU.

Results

Of 510 patients with positive test, 100 (19.6%) experienced pretreatment LFU. Of these, we
ascertained the vital status of 49 patients. In the six months following TB diagnosis, mortality
was higher among patients who experienced pretreatment LFU 48.1/1000py vs 22.9/
1000py. Hazard ratio [HR] 3.18, 95% confidence interval [Cl] (1.61—6.30). After incorporat-
ing deaths prior to treatment initation among patients who experienced pretreatment LFU,
health facility level estimates of TB associated mortality increased from 8.4% (95% Cl 6.1%-
11.6%) t0 10.2% (95% CI1 7.7%-13.4%).
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Conclusion

Patients with confirmed TB who experience pretreatment LFU have high mortality within the
first six months. Efforts should be made to prioritise linkage to treatment for this group of
patients. Deaths that occur prior to treatment initation should be included when reporting TB
mortality in order to more accurately reflect the health impact of TB.

Introduction

Tuberculosis (TB) is currently the world’s leading cause of death from a single infectious
cause. The World Health Organization (WHO) End TB Strategy seeks to reduce TB incidence
to less than 10 per 100,000 people and to decrease the proportion of patients dying from the
disease to less than 5% by 2035 [1]. However, in 2018, TB caused an estimated 1.5 million
deaths globally, including 250,000 deaths among persons living with HIV [2]. This represents
an estimated case fatality ratio (CFR) of nearly 15% among all patients with TB and 30%
among patients co-infected with HIV.

Although the majority of TB-associated mortality occurs in sub-Sharan Africa (SSA) its
accurate measurement is difficult due to lack of vital registration systems in most countries.
Mortality estimates in SSA are subsequently derived indirectly by multiplying estimated TB
incidence by case fatality rates (CFR) recorded within established cohorts of patients enrolled
in treatment programs [3, 4]. Such indirect measures of TB mortality do not take into consid-
eration mortality among patients diagnosed with TB who are lost from care before initiating
TB treatment (pretreatment loss to follow-up), and in SSA it is estimated that, up to 38% of
patients diagnosed with TB do not initiate TB treatment [5]. Mortality estimates that exclude
these patients may therefore under-represent actual mortality from the disease.

In 2018, Uganda reported an estimated 4000 TB-associated deaths including 1500 deaths
among persons living with HIV, representing a CFR of 8% (12.5% among PLHIV). In the
same year, an estimated 20% of patients experienced pretreatment loss to follow-up (LFU) [6,
7]. In other sub-Saharan African settings, high rates of mortality have been reported among
these patients, the majority of which occur outside the healthcare system [8, 9]. In this study,
we aimed to quantify mortality among patients diagnosed with TB who experienced pretreat-
ment LFU and to characterize the effect of pretreatment LFU on TB mortality estimates at
public health facilities in Uganda.

Methods

Study setting and population

Ten health facilities each from a different district were included in this study. The health facili-
ties consisted of including three primary care facilities (HC IV), four district hospitals and
three tertiary referral hospitals and were selected to represent the different levels of the public
health system. All health facilities have onsite GeneXpert testing services and together serve
about 3.5 million people. All health facilities use the standardized national paper-based system
for recording patients with signs and symptoms of TB (TB presumptive registers), the results
of TB laboratory results (TB laboratory registers), and patients started on TB treatment (TB
treatment registers). Additionally all patients initiated on TB treatment within a district
(which is typically made up of 20-40 health facilities) are recorded in a district TB register.
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We included patients aged >15 years with drug susceptible TB, defined as an Xpert™ MTB/
RIF test result positive for TB but negative for rifampin resistance, between January 1% to June
30" 2018. We excluded patients who had sputum samples referred from other health centers
for Xpert testing. Eligible patients were identified through review of laboratory registers at the
10 study sites.

Data collection

We extracted demographic (age, gender) and clinical (HIV status) data from TB laboratory
and treatment registers. We also used the TB treatment register to identify patients who did
and did not initiate treatment within two weeks of diagnosis despite having a positive TB test
recorded in the laboratory register. For patients who initiated TB treatment, we assessed six-
month mortality by reviewing treatment outcome data reported in TB treatment registers. For
patients who did not initiate TB treatment or whose treatment outcome recorded as lost to fol-
low-up or not evaluated, we checked health facility and district TB treatment registers for up
to 3 months after diagnosis. We used the district TB number assigned at the start of treatment
to track patients who were initiated on TB treatment across registers. For patients who experi-
enced pretreatment LFU, we used their name, age, sex and residence to track them across reg-
isters. If a treatment record was found in either of these registers, we used the treatment
outcome reported in the register to assess mortality. If no treatment record was found in the
health facility or district TB registers, we conducted phone calls and/or home visits to ascertain
TB treatment status and vital status. Home visits were carried out by research nurses paired
with health facility staff who had familiarity with the local terrain, spoke the local dialect and
had prior experience with patient tracing activities. For patients whose phone numbers were
available in the TB registers, the health facility staff called to inquire about the location of the
home. For patients who had no recorded phone numbers or whose phone numbers were not
functional, health facility staff inquired from local residents about the location of the village.
Once in the village, health facility staff approached the local authorities to inquire about the
person being traced. In order to protect patient privacy, health facility staff did not reveal the
reason for their visit until the patient or their family had been identified and confidentiality
could be maintained (S1 Fig). A trained research nurse who accompanied health facility staff
on all home visits administered a short questionnaire to patients found alive after obtaining
informed consent to inquire about TB treatment status, ART use (if HIV-positive) and previ-
ous history of TB disease. Patients who had not yet initiated TB treatment were referred to
health facilities. If a patient could not be located, health facility staff inquired about the
patient’s current vital status from neighbors.

Outcome definition

For this study, TB-associated mortality was defined as death from any cause during the six
months following TB diagnosis.

Statistical analyses

We used descriptive statistics to summarize patient demographic and clinical characteristics.
Among patients who did and those who did not have their vital status ascertained, proportions
were compared using chi-square test. The cumulative incidence of mortality at six months
after TB diagnosis among patients who did and did not experience pretreatment LFU was esti-
mated using the Kaplan-Meier method. We used log-rank test to compare survival probability
between the two groups. We calculated the cumulative incidence of mortality among patients
who did and did not experience pretreatment LFU stratified by HIV status, sex, and age-group
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(15-24, 25-34, 35-44, >45). Risk ratios with 95% confidence intervals (CI) were calculated to
assess for differences between groups. We also estimated the cumulative incidence of mortality
at six months after TB diagnosis with (corrected mortality estimate) and without (uncorrected
mortality estimate) including patients who died prior to TB treatment initiation. We carried
out sensitivity analyses of these estimates by considering all patients whose vital status was not
ascertained to be either alive or dead. All data analyses were conducted using STATA version
15.1 (Stata Corporation, Texas, USA).

Ethics statement

This study was approved by the Makerere University School of Medicine Research and Ethics
Committee of the College of Health Sciences (Ref: 2016-132) and by the Uganda National
Council of Science and Technology.

Results

From January to June 2018, 510 patients in the ten facilities had a positive Xpert™ MTB/RIF
test result recorded in the laboratory register. About two thirds of all patients at both primary
care facilities (HC IVs) and hospitals were male. A third of all patients diagnosed with TB were
HIV co-infected. This proportion was comparable between primary care facilities (HC IV)
and hospitals. A hundred (19.6%) patients were not initiated on TB treatment within two
weeks of diagnosis (pretreatment LFU). The proportion of patients who experienced pretreat-
ment LFU was higher at hospitals. (Table 1).

Table 1. Baseline characteristics of study participants by level of healthcare facility.

Characteristic Primary-care facility Hospital
(HCIV)N =122 N =388

Sex
Male 69 (56.6) 243 (62.6)
Female 53 (43.4) 145 (37.4)
Age
15-24 34(27.8) 80 (20.6)
25-34 41(33.6) 123 (31.7)
35-44 22 (18.0) 89 (22.9)
45+ 25 (20.5) 96 (24.7)
HIV status (n = 480)"
HIV-negative 77 (63.6) 242 (67.4)
HIV-positive 44 (36.4) 117 (32.6)
Treatment initiation
<2 weeks after diagnosis 106 (86.9) 304(78.4)
>2 weeks after diagnosis (pretreatment LFU) 16(13.1) 84(21.6)
Distance from health facility n = 470)*
<5km 42(35.3) 91(25.9)
6-15km 43(36.1) 79(22.5)
16-25km 24(20.2) 63(17.9)
>25km 10(8.4) 118 (33.6)

B 30 patients had missing data 1 from primary care facilities (HC IV) and 30 from hospitals
* 40 patients had missing data 3 from primary care facilities (HC IV) and 37 from hospitals

https://doi.org/10.1371/journal.pone.0241611.t001
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Positive Xpert test in TB Lab Register

(n=510)
Initiated on TB treatment Not initiated on TB rx within two
within two weeks (n=410) weeks -pre-treatment LFU
80.4% (n=100) 19.6%
Successfully Traced (n=49)
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n=11) 22.4% n=7) 14.3% unKnown
(n=24) 48.9% ( ) o=l (n=7)14.3%

Fig 1. Patient flow chart.
https://doi.org/10.1371/journal.pone.0241611.9001

Out of the 100 patients who experienced pretreatment loss to follow-up, we were able to
ascertain the vital status of 49 patients: 24 (48.9%) were later initiated on TB treatment in a
median time to treatment initiation of 30 (IQR 21-50) days; 11 (22.4%) died prior to treatment
initiation in median time of 22 (IQR 11-55) days; 7 (14.3.%) were alive but not on TB treat-
ment, and 7 (14.3%) were confirmed alive by relatives/friends but no treatment information
was available (Fig 1).

There were no significant differences in age, sex and HIV status between patients who did
and those who did not have their vital status ascertained (Table 2).

Out of the 410 patients who did not experience pretreatment LFU, we were able to establish
the vital status of 382; 312 (81.7%) successfully completed treatment, 33 (8.6%) died, 5 (1.3%)
failed first line therapy and were started on second line therapy and 32 (8.3%) could not be
traced.

Mortality within six months of diagnosis

Six-month mortality outcomes were for 431 (84.5%) patients, of which 49 did and 382 did not
experience pretreatment LFU (Fig 1). There were 11 deaths among the 49 patients who experi-
enced pretreatment LFU and 33 deaths among the 382 patients who did not experience
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Table 2. Characetristics of patients who were successfully traced versus those who were not.

Characteristic Successfully traced Not Successfully traced P value (chi2)
N=49 N=51

Sex
Male 29 (59.8) 28 (54.9)
Female 20 (40.8) 23 (45.1) 0.67
Age
15-24 12 (24.5) 9(17.7)
25-34 14 (28.5) 19(37.3) 0.36
35-44 12 (24.5) 8 (15.7) 0.27
>45 11 (22.5) 15 (29.4) 0.43
Healthfacility level
HCIV 7 (14.3) 9(17.7)
Hospital 42(85.7) 42(82.4) 0.65
HIV status (n = 70)®
HIV-negative 20 (43.5) 12 (50.0)
HIV-positive 26 (56.5) 12 (50.0) 0.60
Distance from healthfacility (n = 77)*
< 5km 15 (34.1) 16 (17.7)
6-15km 9(20.4) 7(37.3) 0.98
16-25km 8(18.2) 5(15.7) 0.68
>25km 12 (27.3) 5(29.3) 0.32

P30 patients had missing data 3 who were successfully traced and 27 who were not successfully traced

¥ 23 patients had missing data 5 who were successfully traced and 18 who were not successfully traced

https://doi.org/10.1371/journal.pone.0241611.t002

pretreatment LFU. Mortality at six months was higher among patents who experienced pre-
treatment LFU compared to those who did not (48.1/1000py vs. 22.9/1000py HR 3.18, 95% CI
1.61-6.30).

In stratified analyses (Table 3), mortality at six months was significantly higher among
those who experienced pretreatment LFU in HIV uninfected patients (HR 5.59, 95% CI 1.91-
16.34) (Fig 2b); women (HR 4.25, 95% CI 1.48-12.22) (Fig 2c) and patients who received care
from hospitals (HR 2.89, 95%CI 1.36-6.18). Mortality at six months was also higher among
those who experienced pretreatment LFU for HIV-positive patients and at primary care facil-
ities (HC IVs) but these differences did not reach statistical significance HR. 1.86, 95% CI
0.76-4.58 and HR. 4.52, 95% CI 0.94-21.8 respectively (Fig 2b). Mortality for patients who
experienced pretreatment LFU increased with age, particularly among patients 45 years and
older where mortality at six months was four times higher (HR 4.28, 95% CI 1.32-13.93)
(Table 3).

Correction of mortality estimates

After correcting for mortality prior to treatment initation among patients with pretreatment
LFU, health facility level mortality estimates increased from 8.4% (95%CI 6.1%-11.6%) to
10.2% (95%CI 7.7%-13.4%) on overall, from 6.8% (95%CI 3.3%-13.8%) to 8.4% (95%CI 4.5%-
15.5%) at HC IV level and from 9.0% (95%CI 6.2%-12.9%) to 10.7% (95%CI 7.8%-14.6%) at
hospital level (Fig 3). Sensitivity analyses treating all patients whose vital status was not ascer-
tained as alive or dead resulted in updated mortality estimates of 8.6% (95%CI 5.6%-10.4%)
and 20.2% (95%CI 16.5%-23.7%), respectively (S2 Fig).
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Table 3. Hazard ratios of mortality comparing patients initiated on TB treatment with those who experienced pretreatment loss to follow-up overall and stratified

by HIV status.
LFU (N = 49)
No. of Mortality rates per 1000PY (95%
deaths CI)

Overall 11 48.1 (26.6-86.8)
Stratification
HIV status

HIV-positive 6 75.8 (34.0-168.7)

HIV-negative 5 38.0 (15.8-91.2)
Sex

Male 6 43.4 (19.5-96.7)

Female 5 43.4 (19.5-96.7)
Health facility
level

HC-1V 2 61.1 (15.3-244.1)

Hospital 9 459 (23.9-88.2)
Age group

15-24 1 16.5 (2.33-117.4)

25-34 2 27.6 (6.9-110.2)

35-44 4 79.2 (29.7-211.1)

>45 4 88.4 (33.2-235.5)

No. of
deaths

33

23

10

22
11

26

9
10
9

Non LFU (N = 410)

Mortality rates per 1000PY (95%
CI)

22.9 (11.3-22.4)

38.4 (25.5-57.7)
6.8 (3.7-12.6)

17.4 (11.5-26.4)
13.7 (7.6-24.7)

12.6 (6.0-26.5)
17.2 (11.7-25.2)

10.6 (4.4-25.5)
13.5 (7.0-26.0)
21.9 (11.8-40.7)
18.9 (9.8-36.4)

Hazard Ratio (HR) (95% CI)*[LFU/Non

3.18 (1.61-6.30)

1.86 (0.76-4.58)
5.59 (1.91-16.34)

2.64 (1.07-6.52)
4.25(1.48-12.22)

4.52 (0.94-21.8)
2.89 (1.36-6.18)

1.62 (0.19-13.9)
2.64 (0.57-12.22)
3.44 (1.08-10.96)
4.28 (1.32-13.93)

LFU = pre-TB treatment loss to follow-up, Non LFU = Non pre-TB treatment loss to follow-up (also referred to as initiated on treatment).

* Hazard ratios from Cox regression model.

https://doi.org/10.1371/journal.pone.0241611.t003

Discussion

Although a number of studies have described pretreatment LFU in high burden resource lim-
ited settings, few studies have traced patients not initiated on TB treatment to determine their
outcomes. Our study traced 100 patients who experienced pretreatment LFU to ascertain the
effect of pretreatment LFU on TB-associated mortality. We found that the risk of TB associated
mortality was almost three times higher among patients who experienced pretreatment LFU
compared to those who did not. The risk of death among patients who experienced pretreat-
ment LFU increased if they were female, HIV-negative and belonged to an older age-group.
The majority of deaths (10/11) among patients who experienced pretreatment LFU
occurred prior to TB treatment initation and relatively shortly after the diagnosis was made
(median 22, IQR 11-55 days). Similar estimates of mortality prior to TB treatment initiation
have been reported among patients who experience pretreatment LFU in South Africa (24%)
[10] and India (19%;27.6%) [11, 12]. In all studies, these deaths occurred shortly after TB diag-
nosis implying that patients presented with advanced TB disease and still were not initiated on
treatment. In sub-Saharan Africa, a complex interplay between patient and health system fac-
tors collude to delay presentation until TB disease is advanced. Patient factors such as lack of
knowledge about TB symptoms coupled with stigma associated with TB have been docu-
mented to contribute to delayed health seeking. Health system factors particularly the lack of
recognition of TB signs and symptoms by healthcare workers results in repeated visits to health
facilities before a diagnosis of TB is made and contributes significantly to delayed TB diagnosis
[13-15]. Improving outcomes of patients diagnosed with TB should include measures to pro-
mote earlier care-seeking through health promotion campaigns. Public health facilities need
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Fig 2. Kaplan Meir curves. Kaplan Meir curves showing cumulative incidence of mortality among patients who did and did not experience pretreatment
LFU Fig 2a) overall Fig 2b) stratified by sex Fig 2c) stratified by HIV status and Fig 2d) stratified by health facility level.

https://doi.org/10.1371/journal.pone.0241611.9002

streamlined procedures to ensure that all patients are screened for TB, those with a positive
symptom screen receive a diagnostic test, and if positive, are started on TB treatment.

Among patients whose vital status was ascertained, a higher proportion of HIV-positive
patients died prior to treatment initiation (6/20) vs (5/29-for HIV-negative patients). High
mortality from HIV-associated TB even in the era of increased ART availability has been docu-
mented in other sub-Saharan African settings [16, 17]. In Uganda, a study from the infectious
diseases clinic located within Mulago National Referral Hospital found consistently high TB
mortality rates (>15%) over seven years of ART scale up [18]. In this study, presentation to
care with advanced HIV disease (defined as CD4 cell count <200 cells/ul at enrollment) dou-
bled the risk of mortality from TB. These findings suggest that stronger emphasis should be
put on rapid TB treatment initiation for patients co-infected with HIV [19]. In addition to
quality improvement initiatives to better track HIV-positive patients along the diagnostic
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cascade and improve treatment initiation, incorporating point of care tests with shorter turn-
around times e.g. lateral flow lipoarabinomannan (LF-LAM) into the diagnostic algorithm for
eligible HIV-positive patients may further improve TB treatment initation and reduce mortal-
ity [20].

During the six months following TB diagnosis, pretreatment LFU was associated with a
three-fold increase in overall TB mortality HR 3.18, (95% CI 1.61-6.30). The increase in mor-
tality was more marked among HIV-negative patients HR 5.59, (95% CI 1.91-16.34), women
HR 4.25, (95% CI 1.48-12.22) and patients >45years HR 4.28, (95% CI 1.32-13.93). HIV-neg-
ative patients when placed on appropriate TB therapy generally have good treatment outcomes
with CFRs reported at 3.5% (95% CI 2.0%-4.9%) compared to 18.8% (95% CI 14.8%-22.8%)
among HIV-positive patients [21]. Our study highlights the marked negative effect of pretreat-
ment LFU on HIV-negative patients and shows that quality improvement interventions to
improve TB care in our setting, which in the recent past have heavily focused on patients co-
infected with HIV should be broadened to include HIV-negative patients.

Higher background rates of HIV co-infection among women in our population coupled
with financial barriers to accessing healthcare services probably contributed to higher mortal-
ity observed among women who experienced pretreatment LFU. In Uganda, HIV prevalence
among women is almost twice that among men (7.6% vs 4.7%) [22] and in our cohort 40.1%
(73/182) of women were co-infected with HIV compared to 29.5% (88/299) of men pvalue
0.02. In addition, the recently concluded Uganda TB patients’ costs survey found that women
are more likely to incur catastrophic financial costs (defined as >20% of annual household
income) while seeking care for TB [23] which are increased by the need to make repeated visits
to health facilities before a TB diagnosis is made and/or treatment is initiated. Ensuring that
patients are screened for TB and started on TB treatment as soon as they present to the health-
care system (same-day diagnosis) may reduce pretreatment LFU and in turn improve out-
comes among women diagnosed with TB. Increased mortality among older patients with TB
has been reported in other studies [24, 25] and may be caused by late diagnosis due to atypical
presentations and presence of other co-morbidities.
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Correction of health facility level mortality estimates to include deaths prior to treatment
initiation resulted in an overall increase in cumulative TB mortality from 8.4% (95%CI 6.1%-
11.6%) to 10.2% (95%CI 7.7%-13.4%). These results still show that the use of uncorrected esti-
mates in routine program reporting may lead to an underestimation of TB mortality.

Limitations

This was a retrospective study that used program data. Challenges with missing data and vari-
able data quality affected our ability to follow up all patients. Importantly, vital status could not
be ascertained for 51% of patients who experienced pretreatment LFU. Many patients could
not be traced because of inaccurate address information and/or unreachable phone contacts.
Although there were no significant differences in age, sex, and HIV status between patients
who did and did not have vital status ascertained, it is likely that mortality was even higher
among those who could not be traced [8, 12]. Nonetheless, our sensitivity analysis reports the
full range of possible mortality estimates.

Conclusion

Patients with confirmed TB who experience pretreatment LFU have high mortality within the
first six months. Efforts should be made to prioritise linkage to treatment for this group of
patients. Efforts should also be made to incorporate deaths prior to treatment initation when
reporting health facility estimates of TB mortality in order to more accurately reflect the health
impact of TB.
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