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Abstract

Background: Early detection and treatment of tuberculosis cases are the hallmark of successful tuberculosis control. We
conducted a cross-sectional study at public primary health facilities in Kampala city, Uganda to quantify diagnostic delay
among pulmonary tuberculosis (PTB) patients, assess associated factors, and describe trajectories of patients’ health care
seeking.

Methodology/Principal Findings: Semi-structured interviews with new smear-positive PTB patients (=15 years) registered
for treatment. Between April 2007 and April 2008, 253 patients were studied. The median total delay was 8 weeks (IQR 4-
12), median patient delay was 4 weeks (inter-quartile range [IQR] 1-8) and median health service delay was 4 weeks (IQR 2-
8). Long total delay (>14 weeks) was observed for 61/253 (24.1%) of patients, long health service delay (>6 weeks) for 71/
242 (29.3%) and long patient delay (>8 weeks) for 47/242 (19.4%). Patients who knew that TB was curable were less likely to
have long total delay (adjusted Odds Ratio [aOR] 0.28; 95%CI| 0.11-0.73) and long patient delay (aOR 0.36; 95%Cl 0.13-0.97).
Being female (aOR 1.98; 95%Cl 1.06-3.71), staying for more than 5 years at current residence (aOR 2.24 95%Cl 1.18-4.27) and
having been tested for HIV before (aOR 3.72; 95%Cl 1.42-9.75) was associated with long health service delay. Health service
delay contributed 50% of the total delay. Ninety-one percent (231) of patients had visited one or more health care providers
before they were diagnosed, for an average (median) of 4 visits (range 1-30). All but four patients had systemic symptoms
by the time the diagnosis of TB was made.

Conclusions/Significance: Diagnostic delay among tuberculosis patients in Kampala is common and long. This reflects
patients waiting too long before seeking care and health services waiting until systemic symptoms are present before
examining sputum smears; this results in missed opportunities for diagnosis.
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Introduction

Despite improvements in many aspects of tuberculosis control,
delayed diagnosis of tuberculosis still remains a big challenge in
many countries. The burden of disease attributable to T'B is still
huge [1]. Early detection and effective treatment of cases are the
hallmark of any successful tuberculosis control programme [2].
Identification and cure of infectious TB cases is recommended as
the most cost-effective control measure [3].

Delayed diagnosis results in more extensive disease [4],
complications and increased mortality [5]. Delayed diagnosis
and treatment lead to prolonged infectiousness [6]. The costs
arising from the delay in diagnosing TB are substantial and may
worsen the economic situation of patients and their families [7].
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Studies in Africa have shown that diagnostic delay is a major
problem, with a median duration varying from 8 to 16 weeks
across settings [8—11]. Diagnostic delay can be divided into patient
and health system delay, reflecting the time until consultation is
sought and the time between first consultation and final diagnosis
of TB, respectively [9-11].

In Uganda, one of the high-burden TB countries, TB control is
challenged by an estimated low case detection rate of only 51% [1].
Few data have been published about diagnostic delay in Uganda.
Limited data exist on where patients go for help when they have TB
symptoms and where patients might be diagnosed earlier. A recent
study found a median total delay to treatment of 12 weeks among
231 smear-positive pulmonary tuberculosis (PTB) patients newly
diagnosed at the national referral hospital in Kampala [12].
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We studied diagnostic delay among smear-positive PTB patients
registered for treatment at primary care clinics in Kampala city,
Uganda. Our aims were to quantify diagnostic delay, to assess factors
associated with this delay, to describe trajectories of patients’ move-
ments through the health system, and to determine the proportion of
patients with systemic symptoms at the time of diagnosis.

Methods
Study setting

A questionnaire survey was conducted among newly diagnosed
smear-positive PI'B patients at Kiruddu, Kisenyi and Kiswa health
centres between April 2007 and April 2008. These centres are
among ten public primary health care facilities operated by
Kampala City Council (KCC), and offer outpatient services
including smear microscopy and TB treatment. These centres were
purposefully chosen considering geographical representation.
Kiruddu health centre is located in a semi-rural residential area.
Kisenyi health centre is located in the middle of a densely populated
low-income area. Kiswa health centre is located in an industrial area
of the city. The health centres often face challenges of heavy patient
load, understafting and periodic stock-outs of various commodities.
Health services at these centres are free of charge [13].

Patients seen at these clinics are normally walk-ins from home
and referrals from various practitioners within or outside
Kampala. Diagnosis of PIB is by direct smear microscopy. The

All TB patients registered at 3
KCC clinics between April 3,
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standard procedure of diagnosing PI'B in Uganda at the time was
that all patients with cough for two weeks or longer were requested
to submit three sputum samples. The first and third are on the
spot, while the second is an early morning sample. PTB is treated
according to the National Tuberculosis and Leprosy Control
Programme (NTLP) guidelines. TB treatment is usually initiated
on the same day the diagnosis is confirmed. The standard 8
months treatment regimen (2RHZE/6EH) is used as first line
treatment.

Study design

All patients aged =15 years diagnosed with sputum smear-
positive PTB and registered for treatment at the three KCC clinics
within six weeks prior to the day of the interview, were
consecutively recruited. Interviews were by semi-structured
questionnaire. Patient TB treatment cards were used to ascertain
the date treatment was started; this information was confirmed by
checking the clinic TB register.

Exclusion criteria were: previous history of tuberculosis
treatment for =1 month; residence outside Kampala district or
beyond a 16 km radius from the city centre. Information was
collected on the duration of symptoms in number of weeks before
seeking medical care, the date of patient’s first consultation with a
health care provider and the dates of consultations with
subsequent providers, if any, until TB treatment was initiated.

2007 and April 15, 2008
n=614
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Y

Smear negative PTB = 32
Extra-pulmonary TB = 120
TB relapse = 45
n=197

New smear positive PTB
n=417

Age < 15 years

Missing data on age or sex

n=14

residence outside Kampala City
attended clinic outside the study day
n=146

Refused consent
n=3

Y
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n =254
No cough symptoms
» n=1
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Had cough
n =253
Data on first visit to health care provider
> unavailable
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Data on first visit to health
care provider available
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Figure 1. Flowchart showing the patients included in the analysis of diagnostic delay in Kampala, Uganda 2007-8. Legend:
KCC=Kampala City Council, TB =Tuberculosis, PTB = Pulmonary tuberculosis.
doi:10.1371/journal.pone.0014459.g001
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We specifically asked for symptoms frequently associated with
PTB: cough, hemoptysis, night sweats, chest pain, fever and
patient-reported loss of weight. Data were also collected on socio-
demographic characteristics, presence of other medical conditions
and knowledge about TB. Patients were requested to tell what
causes 1B, how TB can be transmitted from one person to
another, how one can prevent contracting TB (open questions for
each) and whether or not TB can completely be cured (Yes/No/
Don’t know response).

Definitions

Patient delay was defined as the time in weeks from the onset of
cough to a first consultation with any health care provider, health
service delay as the time in weeks from the first consultation to
Initiation of treatment, and total delay as the sum of both.
Definitions of long delays were based on programme-relevant as
well as data-driven considerations. Aiming to have 15-30% of
patients in the “long delay” category for statistical reasons, we
defined long total, long patient and long health service delays as
delays of more than 14, 8 and 6 weeks respectively.

Cough was chosen to define delay because it is the most
sensitive symptom for smear-positive TB and used as the symptom
of entry for TB diagnosis in the NTLP. We defined systemic
symptoms as any patient-reported fever, weight loss or night
sweats.

Analysis

Data were collected and double entered into ASP.NET screens,
and stored in a customised database based on MS SQL (Microsoft,
Seattle, WA, USA). Statistical analyses were carried out using
Stata v10 (StataCorp, College Station, TX, USA).

Asset scores from the Health Nutrition and Population country
reports were used to assess patient’s household wealth [14]. The
total score was then divided into tertiles: lower, medium and
higher household wealth categories.

In three separate multivariable logistic regression models we
analysed associations between a range of explanatory variables
and total, patient and health service delay. We entered age (in four
categories), sex, type of health care provider first visited and travel
cost to the clinic in the models and any other variables if they
showed association in the univariate analysis at p<<0.20. We
included variables in the final model if they contributed to the
model likelihood at p<<0.05 or confounded the association with
any of the other variables in the model.

For a more in-depth analysis of health services’ delays, all
patients were grouped according to the first provider they visited
with their initial symptoms. Within each group, they were sub-
grouped by the second provider visited (i.e. in time), then sub-
grouped by the 3rd provider, and so on. We retrospectively
constructed trajectories by which patients had passed through the
health system before being diagnosed with TB.

Ethical review

This study received ethical approval from the Medical Ethics
Committees of Makerere University School of Public Health and
the Academic Medical Centre, Amsterdam. Written informed
consent was obtained from all participants.

Results

Study population

During the study period 614 patients were registered for TB
treatment at the three clinics, of whom 417 (68.0%) had smear-
positive TB (figure 1). One hundred sixty four patients did not fit
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the inclusion criteria or refused; 254 eligible patients were
interviewed. One patient did not have cough as one of the
presenting symptoms and was excluded from this analysis. Table 1
shows the socio-demographic characteristics of the 253 patients
included in the study and 150 patients, =15 years with complete
data on sex, age and clinic registered for treatment during the
recruitment period. There were no significant differences for age
and sex among patients included in the analysis and those who
were not. However, the proportion of non-inclusions was
significantly higher in Kiswa (47%) than in the other two clinics
(p<<0.005).

The median age of the patients was 30 years (IQR 25-37); 149
(58.9%) were male. Forty four patients (17.4%) were recruited
from Kiruddu, 136 (53.8%) from Kisenyi and 73 (28.9%) from
Kiswa. These patients were not significantly different in terms of
sex (p =0.954) and age (p =0.985).

Sixty-five (25.7%) patients registered for treatment at the KCC
clinics had been diagnosed at the referral hospital. The remaining
188 (74.3%) patients were both diagnosed and registered for
treatment at the KCC clinics. These two groups of patients did not
differ significantly by sex (p = 0.211) nor by KCC clinic where they
registered (p = 0.494). The median age of patients diagnosed at the
referral hospital was 28 years (IQR 25-33), which was lower than
of those diagnosed at the city clinics, 32 years IQR 25-38.5),
(p=0.010).

Table 1. Socio-demographic, clinical and diagnostic
characteristics of 403 smear-positive pulmonary tuberculosis
patients registered for treatment at three Kampala City Clinics,
Uganda 2007-8.
Included in  Not included
analysis N in analysis N
Characteristic (%) (%) p value
253 150
Median age
30 years (IQR 25-37) - =
Age group 0.638
15-24 years 60 (23.7) 37 (24.7) =
25-34 years 106 (41.9) 54 (36.0) =
35-44 years 62 (24.5) 44 (29.3) =
>44 years 25 (9.9) 15 (10.0) =
Sex 0.629
Male 149 (58.9) 92 (61.3) =
Female 104 (41.1) 58 (38.7) =
Marital status
Single 89 (35.2) = =
Married/cohabiting 108 (42.7) - =
Divorced/separated/widowed 56 (22.1) = =
Employment status
Unemployed 84 (33.2) - =
Employed 169 (66.8) - =
City clinic 0.005
Kiruddu 44 (17.4) 16 (10.7) =
Kisenyi 136 (53.8) 68 (45.3) =
Kiswa 73 (28.9) 66 (44.0) =
doi:10.1371/journal.pone.0014459.t001
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In addition to cough, patients presented at the time of diagnosis
with the following symptoms: loss of weight 220 (87.0%), fever 196
(77.5%), night sweats 189 (74.7%), chest pain 187 (73.9%),
haemoptysis 62 (24.5%), and others 21 (8.3%); 249 (98.4%) had at
least one systemic symptom.

Duration of and risk factors for delay

Median total delay was 8 weeks (IQR 4-12). For 61 patients
(24.1%) 1t was longer than 14 wecks (long total delay). Sex, age,
cost of transport and first healthcare provider were not
significantly associated with long total delay. After adjusting for
these variables, patients who knew that TB was curable (adjusted
Odds Ratio [aOR] 0.28; 95% CI 0.11-0.73) were significantly less
likely to have long total delay (table 2). Long total delay was not
associated with education level, marital status, employment status,
household wealth, distance of residence from the health centre,
type of health facility, or daily intake of alcohol.

Complete data on patient and health service delay were
available for 242 patients. Median patient delay was 4 weeks

at three Kampala City clinics, Uganda 2007-8.
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(IQR 1-8). Patient delay constituted 50% of the total delay; 47
patients (19%) had long patient delay. Sex, age, cost of transport
and first healthcare provider were not significantly associated with
long patient delay. Patients who knew that TB was curable (aOR
0.36; 95% CI 0.13-0.97) were significantly less likely to have long
patient delay after adjusting for the above variables in the
multivariable analysis (table 3).

Median health service delay was 4 weeks (IQR 2-8); 71 (29%)
patients had long health service delay. Age, cost of transport and
first healthcare provider were not significantly associated with
long health service delay. Being female (aOR 1.98 95% CI
1.06-3.71), duration of stay at the current residence for more
than five years (aOR 2.24 95% CI 1.18-4.27) and having tested
for HIV before current TB diagnosis (aOR 3.72 95% CI 1.42—
9.75) were significantly associated with long health service delay
after adjusting for the above variables in the multivariable
analysis (table 4). Household wealth and distance from the
health centre were not significantly associated with diagnostic
delay.

Table 2. Long total delay and predictor variables of 253 smear-positive pulmonary tuberculosis patients registered for treatment

Had long total delay

Univariable analysis Multivariable analysis

*= Data available for only 239;

KCC = Kampala City Council;

OR= 0dds ratio;

aOR = adjusted odds ratio;

Cl= Confidence interval;

TB= tuberculosis.
doi:10.1371/journal.pone.0014459.t002
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Yes No
N=61 N=192 OR 95%ClI aOR 95%ClI P

Age

15-24 years 10 (16.7) 50 (83.3) 1 - 1 - 0.399

25-34 years 29 (27.4) 77 (72.6) 1.88 0.84-4.20 1.96 0.83-4.62 -

35-44 years 15 (24.2) 47 (75.8) 1.60 0.65-3.90 1.63 0.62-4.28 -

>44 years 7 (28.0) 18 (72.0) 1.94 0.64-5.89 2.28 0.68-7.65 =
Sex

Male 30 (20.1) 119 (79.9) 1 = 1 = 0.079

Female 31 (29.8) 73 (70.2) 1.68 0.94-3.01 1.76 0.94-3.32 -
Cost of one way journey to health centre in Uganda shillings

0-500 36 (27.3) 96 (72.7) 1 - 1 - 0.617

501-1000 14 (18.4) 62 (81.6) 0.60 0.30-1.21 0.71 0.34-1.51 -

1001-1500 6 (20.7) 23 (79.3) 0.70 0.26-1.85 0.58 0.19-1.77 -

1501-20,000 5(31.3) 11 (68.7) 1.21 0.39-3.73 1.22 0.37-4.07 -
First provider visited*

KCC clinic 9 (33.3) 18 (66.7) 1 = 1 o 0.829

Hospital 4 (25.0) 12 (75.0) 0.67 0.17-2.67 0.41 0.09-1.82 -

Pharmacy/drugshop 12 (25.5) 35 (74.5) 0.69 0.24-1.93 0.79 0.26-2.39 -

Private doctor 12 (26.1) 35 (73.9) 0.71 0.25-1.99 0.89 0.29-2.73 -

Private clinic - other 18 (19.8) 73 (80.2) 0.47 0.18-1.23 0.63 0.22-1.76 -

Traditional healer 3 (25.0 9 (75.0) 0.67 0.14-3.09 0.78 0.15-3.96 -
Patient knows TB can be cured

No 12 (48.0) 13 (52.0) 1 - 1 - 0.010

Yes 49 (21.5) 179 (78.5) 0.30 0.13-0.69 0.28 0.11-0.73 =
Legend



Tuberculosis Diagnostic Delays

Table 3. Long patient delay and predictor variables of 242 smear-positive pulmonary tuberculosis patients registered for
treatment at three Kampala City clinics, Uganda 2007-8.

Had long patient delay

Univariable analysis

Multivariable analysis

Yes No
N=47 N=195 OR 95%Cl aOR 95%ClI P

Age-group

15-24 years 13 (22.4) 45 (77.6) 1 - 1 - 0.586

25-34 years 21 (21.0) 79 (79.0) 0.92 0.42-2.01 0.96 0.43-2.17 -

35-44 years 8(13.3) 52 (86.7) 0.53 0.20-1.40 0.55 0.20-1.49 -

>44 years 5 (20.8) 19 (79.2) 0.91 0.28-2.91 0.95 0.27-3.32 -
Sex

Male 25 (17.6) 117 (82.4) 1 = 1 = 0.566

Female 22 (22.0) 78 (78.0) 1.32 0.70-2.50 1.22 0.62-2.39 -
Cost of one way journey to health centre in Uganda shillings

0-500 27 (20.8) 103 (79.2) 1 - 1 - 0.935

501-1000 12 (17.1) 58 (82.9) 0.79 0.37-1.67 0.85 0.39-1.86 -

1001-1500 5(19.2) 21 (80.8) 0.91 0.31-2.63 0.72 0.23-2.24 -

1501-20,000 3(18.8) 13 (81.2) 0.88 0.23-3.31 0.83 0.21-3.35 -
First provider visited*

KCC clinic 6 (22.2) 21 (77.8) 1 = 1 = 0.841

Hospital 4 (25.0) 12 (75.0) 117 0.27-4.98 0.95 0.20-4.42 -

Pharmacy/drugshop 8 (17.0) 39 (83.0) 0.72 0.22-2.35 0.81 0.23-2.79 =

Private doctor 12 (26.1) 34 (73.9) 1.24 0.40-3.79 1.39 0.42-4.62 -

Private clinic - other 15 (16) 79 (84) 0.66 0.23-1.92 0.75 0.24-2.35 -

Traditional healer 2 (16.7) 10 (83.3) 0.70 0.12-4.10 0.72 0.12-4.52 -
Patient knows TB can be cured

No 9 (39.1) 14 (60.9) - 1 - 0.050

Yes 38 (17.4) 181 (82.6) 0.33 0.13-0.81 0.36 0.13-0.97 -

Legend

*= Data available for only 239;

KCC = Kampala City Council;

OR= 0dds ratio;

aOR = adjusted odds ratio;

Cl= Confidence interval;

TB= tuberculosis.
doi:10.1371/journal.pone.0014459.t003

Trajectories of patients during contact with the health
service

Of the 253 patients, data on first visit to health care provider
were unavailable in 11. Among the remaining 242 patients, 231
(95.5%) had visited at least one healthcare provider before the visit
at which their TB diagnosis was made. Of the 178 patients
diagnosed at the city clinics 9 (5.1%) had been diagnosed during
their first visit (figure 2). The remaining 169 patients reported to
have consulted on average (median) 1 healthcare provider (range
1-4) in a median of 3 visits (range 1-30).

The predominant types of provider consulted by these 169
patients in their pre-final visit before a diagnosis of TB was made
were private clinics of nurses or midwives for 55 (32.5%), drug
shops for 37 (21.9%), and private doctors for 31 (18.3%). Fifteen
(8.9%) had already consulted the clinic where they were diagnosed
and 14 (8.3%) had consulted a hospital (figure 2).

Of the 64 patients diagnosed at the hospital, 2 (3.1%) had been
diagnosed during their first visit. The remaining 62 had consulted
on average (median) 2 providers (range 1-3) in a median of 4 visits
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(range 1-30). Their predominant pre-final visits were to private
clinics of nurses or midwives (23; 37.1%), hospitals (13; 21.0%) and
private doctors (9; 14.5%), (figure 2).

Table 5 shows the characteristics of patients by the last
provider visited before they were eventually diagnosed. The
interval between this pre-final visit and the date of diagnosis of
TB was shortest for the city clinic where the diagnosis was made
(IQR 2-5 weeks) and for private doctors (IQR 2-4 weeks)
Although for other providers medians were equal (4 weeks),
patients who went to hospital, drug shop or other private provider
had long delays in this step. Patients who visited a hospital as the
pre-final provider were older than the patients passing through
other providers before diagnosis at the city clinics (p =0.009). Sex
and other factors were not associated with delay since the pre-
final provider.

By the time they visited the pre-final provider 155 of 169
(91.7%) patients diagnosed at the city clinics and 55 of the 62
(88.7%) patients diagnosed at the hospital (altogether 90.9%) had
systemic symptoms. Altogether 90.9% of patients had systemic
symptoms at the time they visited their pre-final provider.

December 2010 | Volume 5 | Issue 12 | e14459
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Table 4. Long health service delay and predictor variables of 242 smear-positive pulmonary tuberculosis patients registered for

Had long HS delay

Univariable analysis Multivariable analysis

Yes No
N=71 N=171 OR 95%Cl aOR 95%ClI P

Age -group

15-24 years 11 (19.0) 47 (81.0) 1 - 1 - 0.470

25-34 years 33 (33.0) 67 (67.0) 2.10 0.96-4.58 1.76 0.73-4.24 -

35-44 years 18 (30.0) 42 (70.0) 1.83 0.78-4.32 1.46 0.51-4.13 -

>44 years 9 (37.5) 15 (62.5) 2.56 0.89-7.37 247 0.70-8.75 -
Sex

Male 33 (23.2) 109 (76.8) 1 = 1 = 0.031

Female 38 (38.0) 62 (62.0) 2.02 1.15-3.55 1.98 1.06-3.71 -
Marital status

Single 18 (22.0) 64 (78.0) 1 - 1 - 0.462

Married/cohabiting 31 (29.8) 73 (70.2) 1.51 0.77-2.95 1.43 0.65-3.16 -

Divorced/separated/widowed 22 (39.3) 34 (60.7) 230 1.09-4.87 1.78 0.70-4.54 -
Tested for HIV before*

No 6 (12.0) 44 (88.0) 1 - 1 - m

Yes 65 (34.0) 126 (66.0) 3.78 1.53-9.34 372 1.42-9.75 -
Cost of one way journey to health centre in Uganda shillings

0-500 38 (29.2) 92 (70.8) 1 = 1 = 0.716

501-1000 22 (31.4) 48 (68.6) 1.1 0.59-2.08 1.29 0.64-2.60 -

1001-1500 5(19.2) 21 (80.8) 0.58 0.20-1.64 0.76 0.25-2.34 -

1501-20,000 6 (37.5) 10 (62.5) 1.45 0.49-4.28 1.53 0.46-5.10 -
Duration of stay at current residence

0-5 35 (25.0) 105 (75.0) 1 - 1 - 0.013

more than 5 years 36 (35.3) 66 (64.7) 1.64 0.94-2.86 2.24 1.18-4.27 -

Legend

*= Data available for only 241;

KCC = Kampala City Council;

OR= 0dds ratio;

aOR = adjusted odds ratio;

Cl= Confidence interval;

TB= tuberculosis;

HS = health service.
doi:10.1371/journal.pone.0014459.t004

Discussion

Diagnostic delays in this urban African setting were long. The
median total delay was 8 weeks and one quarter (24%) of the
patients had delays of more than 14 weeks. This means that a
considerable proportion of patients is not diagnosed early and is
able to transmit the disease to others for more than 3 months. Half
of this delay is due to the delay by the health system. Over 90% of
the patients had consulted one or more health care providers
before the final diagnosis was made with a median of 4 visits per
patient. This suggests that there are many missed opportunities for
TB diagnosis in the health system in Kampala.

The patient delays reported in our study are comparable to
those reported by other studies from sub-Saharan Africa
[8,9,12,15]. The proportion of the total delay that is due to
health service delay (50% of the total delay) was somewhat smaller
than in an earlier study carried out among patients at the national
referral hospital in Kampala (74%). However, it was much higher
than that found in Ethiopia (9%) [9,12]. Health workers in

@ PLoS ONE | www.plosone.org

Ethiopia may be more motivated and keen in identifying TB
suspects than in Kampala. In addition, there could be more variety
in health care providers in the Ugandan health system versus the
Ethiopian one, in particular a larger presence of private health
care services. In Uganda only public health facilities and a few
designated private facilities provide TB treatment; this may
increase the health service delay among patients who prefer
private providers. The study carried out in the urban referral
hospital showed that a sizeable proportion of the patients initially
presented to pharmacies or drug shops (40%) [12].

While in our study the type of provider first visited was not
associated with long delays, we did observe differences in the
health service delay in the final step before the TB diagnosis was
made: these were shortest for private doctors and city clinics,
suggesting that these tend to refer patients for smear examinations
(or advise them to come back), whereas pharmacies and drug
shops apparently don’t.

Other studies have reported long patient delay to be associated
with young age, daily alcohol consumption, subsistence farming,

December 2010 | Volume 5 | Issue 12 | e14459
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Same KCC clinic O
other kec ciinic ()
Hospital
Pharmacy O
Drug shop .

Private doctor O
Private - other .
Traditional healer O

Other O

KCC clinics ®. @7.
Total 178

Same KCC clinic ()

otner ke cinic @)

Hospital ?
Pharmacy O
Drug shop .
Private doctor ()
Private - other .
Traditional healer O
Other O
Hospital Total 64

Figure 2. Patients’ trajectories through the health system. Legend: The figure shows the health service delay of the patients from the last step
of provider before the patient is finally diagnosed with TB. Length of the arrow is equivalent to the length of the delay drawn on scale. Other arrows
are not drawn to scale. They just indicate the direction of patient’s movement in search of the health care. The width of the arrow represents the
number of patients who go from one point to the next. The number in the circles are the total number of patients that start from that point together
with those that go through that care provider. In the hospital 2 patients did not experience health service delay. Nine patients did not experience
health service delay at the KCC clinics. KCC=Kampala City Council.

doi:10.1371/journal.pone.0014459.g002
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rural residence, distance or cost of travel from home to health
institute and low literacy levels [7-9,11,12]. We found no such
associations, probably because of differences in study populations.
Ours consisted of urban dwellers. Their literacy levels and levels of
awareness are expected to be higher than those residing in the
rural areas. Although there are disparities between parts of the
city, the health centers in Kampala are fairly accessible from
various parts of the city.

We did however find that knowledge that TB can be cured was
associated with shorter delays, suggesting that this awareness may
take away possible reluctance to be checked for TB. As reported in
some other studies female patients experienced more often long
health service delay than male patients [6,16,17]. It may be that
healthcare workers suspect TB less often in women. Health service
delays were shorter for patients who had resided at their current
residence for less than 5 years suggesting that health care providers
have a higher index of suspicion of TB for patients who exhibit
alcoholism (which tends to be associated with unstable residence)
or are migratory workers. These findings are similar to those
reported in a study carried out in rural South African [16].

A surprise finding was that health service delays were longer
among patients who had tested for HIV before. Health workers
may suspect less TB among patients whose HIV test results are
negative. In addition, since we did not include HIV status in the
model, this finding may represent confounding by HIV-infected
patients having more often low bacillary sputum counts, resulting
in the delay of an eventual positive smear.

Why is TB not diagnosed earlier in these patients? Our study
suggests a number of reasons. First, patients may initially consult
providers who do not suspect TB or find no reason to refer them
for smear examination, as seems the case for drug shops and
pharmacies. Second, patients may have undergone smear
examination but with negative result. This can be because they
did not return for a second smear examination (the sensitivity of a
single examination being incomplete [18-20]), or because they
were initially smear-negative. Although we did not ask our study
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Table 5. Diagnostic trajectories of tuberculosis patients registered for treatment at three Kampala City clinics, Uganda 2007-8.
Last Clinic of Median health Median age Systemic
diagnosis Pre-last provider n (%) service delay (IQR)* (IQR)** symptoms
City Clinics
City clinic 19 (11.2) 3 (2-5) 35.0 (30-40) 18 (94.7%)
Hospital 14 (8.3) 4 (3-12) 38.0 (29-45) 14 (100.0%)
Pharmacy/drug shop 41 (24.3) 4 (3-8) 33.0 (29-38) 38 (92.7%)
Private doctor 31 (18.3) 4 (2-4) 28.0 (22-38) 27 (87.1%)
Private other 55 (32.5) 4 (2-8) 28.0 (22-37) 49 (89.1%)
Hospital
Hospital 13 (21%) 4 (3-8) 33.0 (26-24) 13 (100.0%)
Private other 23 (37.1) 4 (3-8) 26.0 (21-30) 19 (82.6%)
Final diagnosis City Clinics (all) 169 (100.0) 4 (2-8) 32.0 (24-38) 155 (91.7%)
Final diagnosis hospital (all) 62 (100.0) 4 (3-8) 28.0 (25-33) 55 (88.7%)
Total in analysis of health service delay 242 (100.0) 4 (2-8) 30.5 (25-38) 210 (86.8%)
Legend
Health service delay: from the last provider in the trajectory to start of tuberculosis treatment.
*For those patients finally diagnosed at the city clinics kwallis p-value =0.088 while those finally diagnosed at hospital kwallis p-value = 1.000.
**For those patients finally diagnosed at the city clinics kwallis p-value =0.009 while those finally hospital kwallis p-value =0.029.
Other smaller routes are not shown. Comparisons are only made between the shown groups.
doi:10.1371/journal.pone.0014459.t005

subjects about earlier smear examinations, patients who had
earlier visits to the city clinic or hospital may have had earlier
smear examinations.

While in the National TB Programme guidelines a cough for
=2 weeks is considered a reason for smear examination, all but
four patients at the time of TB diagnosis and 91% of patients at
their pre-final visit had one or more systemic symptoms. Loss of
weight, which presents late in the disease process of TB [21], was
the second most common symptom (after cough) mentioned by the
patients registered for TB treatment at the city clinics.

These data suggest that health care providers wait until the
patient is really ill before smear examination is ordered. Indeed,
the study carried out in the Kampala urban referral hospital
showed that being hospitalized was associated with shorter patient
delay [12]. While understandable from the perspective of the city
clinics, with a daily load of 100-200 outpatients, shortage of
medical and laboratory staff, and no means of pre-selecting high
risk patients (such as chest X-ray services), this delay in detecting
TB cases for patients already in contact with the health system is a
threat to tuberculosis control efforts.

Less than 5% of TB suspects were diagnosed during their first
visit to a healthcare provider. Similar findings have been reported
in a recent study carried out in China another high burden
tuberculosis country [22]. Shortening diagnostic delay in Kampala
would require better referral, e.g. by pharmacies, and increased
awareness of TB among patients and health care providers. It may
be difficult to attain a reduction in diagnostic delay without
increasing the efficiency of the diagnostic process so that it can be
applied in earlier stages of the disease, e.g. by reducing the number
of sputum smear examinations or introducing fluorescence
microscopy through which the number of slides that can be
processed per day can be substantially increased [23,24,25].

Our study had limitations. As with most studies of diagnostic
delay, study outcomes were obtained retrospectively and relied
entirely on patient self-report. Recall bias could have influenced
these results. Only pulmonary smear positive patients were
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included 1in this study. The delays would possibly be longer if we
had included smear negative and extrapulmonary TB patients.
The study was carried out in government health facilities in an
urban setting, so its findings cannot be generalised to rural settings.
The picture could possibly be different if other forms of TB and
private health facilities were included.

Our description of the trajectories was based on cough since this
is the most objective symptom directly related to the diagnosis of
TB by sputum microscopy. If other TB symptoms were
considered, the duration of diagnostic delays might have been
longer. The fact that the clinics were purposefully selected could
limit the representativeness of our study. A large proportion of
registered patients was not included in the study at one of the study
sites. This mainly reflected patients living outside the study area, or
patients visiting the study clinics outside study days. The latter was
responsible for the larger proportion not included in Kiswa clinic
where we had only 1 study day per week in the early phase of
recruitment. Since it is unlikely that the day of presentation is
associated with diagnostic delay, we do not think this introduced
selection bias.

Another limitation was that we did not include the data on HIV
status in the analysis with the reason that for some patients the
status could have been established during the workup for TB
diagnosis. In this case knowledge of the HIV status by patient and
health care worker would not be an exposure variable for our
outcome, diagnostic delay. On the other hand, the biological effect
of HIV (in accelerating TB disease clinically or making smears
more frequently negative) may have impacted as an exposure
variable on diagnostic delay.

Finally, we did no formal sample size calculations and the
number of patients in our study sample may have been too small
to detect some relevant associations between long delays and

References

1. World Health Organization (2009) Global Tuberculosis Control: Epidemiology,
Strategy, Financing. Geneva.

2. World Health Organization (2003) Treatment of tuberculosis: Guidelines for
National Programmes. Geneva.

3. Currie CSM, Floyd K, Williams BG, Dye C (2005) Cost, affordability and cost-
effectiveness of strategies to control tuberculosis in countries with high HIV
prevalence. BMC Public Health 5: 130.

4. Ward HA, Marciniuk DD, Pahwa P, Hoeppnner VH (2004) Extent of
pulmonary tuberculosis in patients diagnosed by active compared to passive
case finding. Int J Tuberc Lung Dis 8: 593-597.

5. Bustamante-Montes LP, Escobar-Mesa A, Borja-Aburto VH, Gomez-Munoz A,
Becerra-Posad F (2000) Predictors of death from pulmonary tuberculosis: the
case of Veracruz, Mexico. Int. J Tuberc Lung Dis 4: 208-215.

6. Lawn SD, Afful B, Acheampong JW (1998) Pulmonary tuberculosis: Diagnostic
delay in Ghanaian adults. Int J Tuberc Dis 2: 635-640.

7. Mesfin MM, Newell JN, Madeley R], Mirzoev TN, Tareke IG, et al. (2010) Cost
implications of delays to tuberculosis diagnosis among pulmonary tuberculosis
patients in Ethiopia. BMC Public Health 10: 173.

8. Lienhardt C, Rowley J, Manneh G, Lahai D, Needham P, et al. (2001) Factors
affecting time delay to treatment in a tuberculosis control programme in a sub-
Saharan African country: the experience of the Gambia. Int J Tuberc Lung Dis
5:233-239.

9. Demissie M, Lindtjorn B, Berhane Y (2002) Patient and health service delay in
the diagnosis of pulmonary tuberculosis in Ethiopia. BMC Public Health 2: 23.

10. Meintjes G, Schoeman H, Morroni C, Wilson D, Maartens G (2008) Patient and
provider delay in tuberculosis suspects from communities with a high HIV
prevalence in South Africa: A cross-sectional study. BMC Infect Dis 8: 72.

11. Ayuo PO, Diero LO, Owino-Ong’or, Mwangi AW (2008) Causes of delay in
diagnosis of pulmonary tuberculosis in patients attending a referral hospital in
western Kenya. East Afr Med J 85: 263-268.

12. Kiwuwa MS, Karamagi C, Mayanja KH (2005) Patient and health service delay
in pulmonary tuberculosis patients attending a referral hospital: a cross-sectional
study. BMC Public Health 5: 122.

13. Ministry of Health (1999) Uganda National Health Policy. Kampala.

14. World Bank (2007) Socio-economic differences in health, nutrition and
population, Uganda. Washington.

@ PLoS ONE | www.plosone.org

Tuberculosis Diagnostic Delays

patient or health care provider characteristics as statistically
significant.

Conclusions

Diagnostic delays in this patient population are unacceptably
high. Patients wait long before consulting the health services, and
healthcare providers take long before they diagnose TB. TB cases
are not identified by the health system until they develop systemic
symptoms. Clinicians and drug shop/pharmacy attendants need to
be re-trained to have a high index of suspicion for TB when key
symptoms are present. Sensitization campaigns in the communi-
ties may help reduce the diagnostic delays. Improved case
detection methods are also needed to reduce diagnostic delay.
Developing a sensitive screening tool that can identify TB cases
earlier is desirable.
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