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Tuberculosis (TB) ranks among the top 10 causes of 
death worldwide and is a major cause of morbid-

ity and mortality in low- and middle-income coun-
tries, with an estimated 1.3 million deaths in 2017.1

In 2016, Papua New Guinea (PNG) was one of 30 
high TB burden countries in the world.1 PNG has 
taken action to address the TB burden, including ef-
forts to improve access to timely bacteriological con-
firmation of the disease.2 National data suggest, how-
ever, that the accurate diagnosis of TB remains a 
substantial challenge. Approximately 27% of all TB 
cases in PNG in 2016 were reported as ‘sputum not 
done’ or ‘not available’, and 42% were reported as ex-
trapulmonary TB (EPTB).3 This burden of EPTB in PNG 
is substantially higher than the estimated global pro-
portion of extrapulmonary cases (∼15%).1

New diagnostic tools such as Xpert® MTB/RIF (Ce-
pheid, Sunnyvale, CA, USA) have been rolled out in 
PNG since 2012 and have the potential to improve the 
timeliness and accuracy of TB diagnosis, including 
that of EPTB.4,5 Increasing population access to diag-

nostic tools to enable bacteriological confirmation of 
TB disease remains an important task.

Gulf Province has been identified as one of three 
‘TB hotspot’ provinces in PNG,6 with a case notifica-
tion rate of 669 per 100 000 population in 2016.3 Simi-
lar to many areas of PNG, TB services in Gulf Province 
face major challenges in reaching the population to 
provide care, as most people live in rural and remote 
villages. Access to tools for bacteriological confirma-
tion is challenging and a high proportion of TB cases 
are diagnosed clinically, including extrapulmonary 
cases. A 2012 study at Kikori Hospital, Gulf Province, 
found that over 40% of TB cases were extrapulmonary, 
most of which were not bacteriologically confirmed.7

We undertook an operational research study to de-
scribe the clinical characteristics and treatment out-
comes of all TB patients registered for first-line TB 
treatment at Kerema General Hospital, Kerema, Gulf 
Province, in 2016.

METHODS

Study design
This was a retrospective cohort study using routinely 
collected programme data.

General setting
PNG is a lower middle-income country of over 7 mil-
lion inhabitants, approximately 80% of whom live in 
rural and remote areas.8

Local setting
Located in the south-western region of mainland 
PNG, Gulf Province (population of approximately 
200 000),8 is made up of two districts: Kikori in the 
west and Kerema in the east.

Kerema General Hospital has an estimated catch-
ment population of approximately 28 000 from both 
urban and rural areas.8 It serves as a TB Basic Manage-
ment Unit (BMU) in the district. Accessing health ser-
vices at Kerema General Hospital is a significant chal-
lenge because of geographical barriers, as well as high 
transport costs.

Kerema General Hospital has the only laboratory 
that performs microscopy and Xpert testing in the 
eastern part of Gulf Province. In mid-2014, Médecins 
Sans Frontières (MSF) started TB activities in Kerema 
General Hospital with a focus on multidrug-resistant 
TB. All rifampicin-resistant specimens are sent for 
culture to the Central Public Health Laboratory in 
PNG’s capital, Port Moresby, before being sent to the 
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Setting:  Gulf Province, a rural area of mainland Papua 
New Guinea, is known to have one of the highest bur-
dens of tuberculosis (TB) in the country.
Objectives:  To describe the characteristics and outcomes 
of TB patients registered for first-line treatment in Kerema 
General Hospital in Gulf Province between January and 
December 2016.
Design:  This was a retrospective cohort study using rou-
tinely collected programme data.
Results:  Of 347 cases with a recorded TB site, 54% were 
male and 32% were aged 15 years. No human immu-
nodeficiency virus (HIV) status was recorded for 51% of 
cases. TB was bacteriologically confirmed in 23% of 
cases. Among the cohort, there were 145 extrapulmo-
nary TB cases (42%); the site of disease was unknown in 
56% of these cases. Of the 297 cases with treatment out-
come evaluated, 56% had a favourable outcome and 
26% were lost to follow-up. On multivariable analysis, ex-
trapulmonary TB (adjusted OR [aOR] 0.51, 95%CI 0.30–
0.88, P = 0.02) and bacteriologically confirmed TB (aOR 
0.40, 95%CI 0.21–0.77, P  0.01) were associated with 
decreased odds of an unfavourable treatment outcome.
Conclusion:  The study findings highlight the need to 
improve TB diagnosis, access to HIV testing, treatment 
adherence, patient support and the quality of TB pro-
gramme data in Gulf Province.
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Queensland Mycobacterium Reference Laboratory 
(Herston, QLD, Australia) for drug susceptibility test-
ing. Kerema General Hospital has the only radiogra-
phy (X-ray) facility in Gulf Province.

Study population
This study sought to collect, analyse and report data 
for all TB patients on first-line treatment registered be-
tween January and December 2016 at Kerema General 
Hospital. As the data from patients registered in Janu-
ary 2016 could not be located, however, the study ana-
lysed the patient cohort enrolled between 1 February 
and 31 December 2016.

Data sources
The data were collected from the TB register at Kerema 
General Hospital. Variables collected were age, sex, 
place of residence, type of TB, bacteriological confir-
mation (smear and Xpert results), human immunode-
ficiency virus (HIV) status, treatment history, site of 
EPTB and treatment outcome. These data were entered 
manually into a structured format and then trans-
ferred into an electronic database (EpiData v 3.1; Epi-
Data Association, Odense, Denmark).

The definitions for cases and treatment outcomes 
were based on the 2012 PNG National TB Manage-
ment Protocols.9 Cure is defined as a smear-positive 
patient who is smear-negative in the last month of 
treatment and on at least one previous follow-up ex-
amination. It is only applicable to patients who were 
initially smear-positive. Treatment failure is defined as 
a patient who is smear-positive at 5 months or later 
during treatment. It also applies to smear-negative pa-
tients who become smear-positive at 2 months. The 
place of residence was categorised according to the ap-
proximate time taken to reach the BMU site. Times 
were determined based on extensive local knowledge 
of the district and usual transport routes used by the 
population.

Analysis and statistics
Data were extracted and imported into Stata v 15 for 
analysis (StataCorp, College Station, TX, USA). Cate-
gorical variables were reported as numbers and per-
centages, and continuous variables as medians and in-
terquartile ranges [IQRs]. Categorical variables were 
compared using the χ2 test and Fisher’s exact test. Con-
tinuous variables were compared using the Wilcoxon 
rank sum test.

Treatment outcomes were categorised as favourable 
(cured and treatment completed) and unfavourable 
(died, lost to follow-up, treatment failure and un-
known). Outcomes listed as not evaluated and trans-
ferred out were not included in the analysis of the 
treatment outcomes. Univariable logistic regression 
analysis was used to explore demographic and clinical 
factors associated with unfavourable treatment out-
comes. Multivariable logistic regression was used to 
further explore this association; all available con-
founders were forced into this model. The association 
is reported as odds ratios (ORs) and 95% confidence 
intervals (CIs). P  0.05 was considered statistically 
significant.

Ethics approval
Ethics approval to conduct this study was obtained 
from the PNG Medical Research Advisory Council 
(Port Morseby, PNG) and Alfred Hospital Ethics Com-
mittee (Melbourne, VIC, Australia).

RESULTS

Between 1 February 2016 and 31 December 2016, 349 
cases were registered for first-line TB treatment. Table 1 
summarises the clinical and demographic characteris-
tics of the 347 cases with a recorded site of TB. Among 
these, 188 (54%) were male and 145 (42%) were regis-
tered as having EPTB. The median age of patients with 
EPTB and pulmonary TB was not statistically different 
(24 years, [IQR 8–40] vs. 30 years, [IQR 14–42]; P = 
0.08). However, there were significantly more children 
aged 15 years with EPTB than with pulmonary TB 
(59/145, 41% vs. 51/202, 25%; P  0.01).

Seventy per cent of all cases lived within 3 h travel 
time of the BMU. There were 81 (23%) bacteriologi-
cally confirmed cases. HIV status was not recorded in 
179 cases (51%). Among the 168 patients with a 
known status, 13 (8%) were HIV-positive. Information 
on cotrimoxazole preventive therapy and antiretrovi-
ral therapy were missing for these patients.

Of the 349 registered cases, 52 (15%) transferred 
out or did not have an outcome evaluated. Of the re-
maining 297 cases, 166 (56%) had a favourable treat-
ment outcome, 91 (31%) were lost to follow-up, 21 
(7%) died, 1 (1%) had treatment failure and 18 (6%) 
had an unknown outcome.

On multivariable analysis, EPTB (aOR 0.51, 95%CI 
0.30–0.88, P = 0.02) and bacteriologically confirmed 
TB (aOR 0.40, 95%CI 0.21–0.77, P  0.01) were associ-
ated with decreased odds of an unfavourable treatment 
outcome (Table 2).

Among the 145 cases of EPTB, 81 (56%) of patients 
had an ‘unknown’ site of disease recorded. Table 3 de-
scribes the EPTB cohort by site of disease. Only five of 
the 145 cases (3%) were bacteriologically confirmed. 
Treatment success among EPTB patients was 55%, 
which was similar to the overall cohort.

DISCUSSION

We found a high rate of EPTB diagnoses in the context 
of low rates of bacteriological confirmation and HIV 
testing. Successful treatment outcomes were well below 
the World Health Organization (WHO) targets.10 EPTB 
and bacteriologically confirmed TB were both associ-
ated with decreased odds of an unfavourable outcome.

Although more likely than clinically confirmed TB 
cases to have a favourable outcome, only 63% of bac-
teriologically confirmed TB cases completed treatment 
or were cured. This may be due to undetected drug-re-
sistant TB, or failure of the TB programme to ade-
quately support patients.

The findings of this study are similar to those re-
ported in previously published studies from rural set-
tings in PNG, where high rates of EPTB, childhood TB 
and low rates of bacteriological confirmation have 
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been described. This study highlights the ongoing challenges to 
ensure high quality TB diagnosis.7,11

One finding that is consistent among the limited amount of 
published literature on TB in PNG is the high rate of EPTB relative 
to other settings.1,3,7,11 Detailed investigation to determine 
whether this phenomenon represents inappropriate diagnosis or 
if the clinical manifestations of TB in PNG are different to other 
settings has not been undertaken. Since 2013, the WHO has rec-
ommended that all presumptive EPTB cases undergo Xpert test-
ing.4,5 The PNG 2017 national guidelines on TB management are 
aligned with the WHO recommendations;12 however, implemen-
tation challenges, as well as other concerns, such as the feasibility 
of tissue biopsies in resource-limited locations, need to be ad-
dressed. A formal study of the high burden of EPTB would be 
valuable to guide the PNG TB programme.

The high rate of childhood TB reported in this study is consis-
tent with previous reports in PNG.3,7,11 Children are estimated to 
account for approximately 10–20% of all TB cases globally.13 The 
high proportion of children with TB found in our study could be 
due to overdiagnosis or may be a true indication of the burden of 
TB disease in children. High rates of child TB are worrying, not 

only because of the burden of illness for the affected children, but 
also because this potentially reflects high levels of recent commu-
nity transmission of TB.14,15 Diagnosing TB in children is chal-
lenging as it can be difficult to obtain a specimen and the current 
diagnostic tools are not well adapted to children.13

Since the end of this study period, efforts to improve the use of 
available diagnostic tools (smear and Xpert assay) have been en-
hanced. Clinicians at the Kerema General Hospital TB clinic have 
been applying the National TB Programme’s diagnostic algo-
rithms for pulmonary TB and EPTB, including the use of Xpert as 
a primary diagnostic tool wherever possible. In addition, compre-
hensive staff training in the new guidelines, as well as in data 
quality, is being planned.

The low rates of HIV testing observed in this study are a matter 
of concern. Despite a national recommendation to offer HIV test-
ing to all TB patients, there is variation between provinces and 
the national testing rate among TB patients is only 34.8%.3 The 
lack of high testing coverage makes it difficult to estimate the true 
proportion of TB-HIV co-infection in the country.16 At Kerema 
General Hospital, efforts to improve the diagnosis and manage-
ment of TB-HIV coinfection have been enhanced since January 

TABLE 1  Demographic and clinical characteristics of tuberculosis patients treated with first-line therapy in Kerema General Hospital, Kerema, 
Gulf Province, Papua New Guinea, February–December 2016

Variables

*Pulmonary tuberculosis
(n = 202)

n (%)

*Extrapulmonary 
tuberculosis
(n = 145)

n (%)

Total
(n = 347)

n (%) P value

Age, years median [IQR] 30 [14–42] 24 [8–40] 27 [9–40] 0.08
Age, years
  15 51 (25) 59 (41) 110 (32) 0.01
  15 150 (74) 85 (59) 235 (68)
  Unknown 1 (1) 1 (1) 2 (1)
Sex
  Male 116 (57) 72 (50) 188 (54) 0.14
  Female 86 (43) 72 (50) 158 (46)
  Unknown 0 1 (1) 1 (1)
Place of residence, distance time from BMU, h
  3 137 (68) 105 (72) 242 (70) 0.47
  3 63 (31) 40 (28) 103 (30)
  Unknown 2 (1) 0 2 (1)
Previous treatment
  New 164 (81) 118 (81) 282 (81) 0.96
  Retreatment 38 (19) 27 (19) 65 (19)
Smear microscopy
  Negative 61 (30) 26 (18) 87 (25) 0.01
  Positive 59 (29) 0 59 (17)
  Unknown 82 (41) 119 (82) 201 (58)
Xpert result
  M. tuberculosis not detected 3 (2) 0 3 (1) 0.01
  M. tuberculosis detected 39 (19) 5 (3) 44 (13)
  Unknown 160 (79) 140 (97) 300 (87)
Diagnostic method
  Clinically confirmed 126 (62) 140 (97) 266 (77) 0.01
  Bacteriologically confirmed 76 (38) 5 (3) 81 (23)
HIV status
  Non-reactive 90 (45) 65 (45) 155 (45) 0.71
  Reactive 9 (4) 4 (3) 13 (4)
  Unknown 103 (51) 76 (52) 179 (51)

* Two patients with unknown site of TB were excluded.
IQR = interquartile range; BMU = Basic Management Unit; HIV = human immunodeficiency virus.
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2018. This has included improving referral pathways between the 
TB and HIV clinics, improving TB screening among HIV patients 
and strengthening the provision of isoniazid preventive therapy 
to HIV-positive individuals without active TB.

A key strength of the study is that it reflects the ground reality 
of TB programme activities in a low-resource, rural setting in 
PNG. Our study provides an insight into the quality of TB control 
efforts in a high TB burden region and identifies key improve-
ment opportunities.

One limitation of the study was the quality of the data avail-
able for analysis. The completeness and accuracy of programme 

data in the Kerema General Hospital BMU TB register was identi-
fied as a key issue that needs to be addressed. It should be noted 
that one month of data could not be located due to a missing 
register. Also, records indicate that a high proportion of EPTB 
cases had an ‘unknown’ site of disease. Reliable health data are 
critical for generating evidence to support decision-making and 
improve health service delivery.17,18

A lack of information on the TB site and the low rate of bacte-
riological confirmation made it difficult to analyse the EPTB co-
hort in detail. Similarly, our ability to investigate the risk factors 
for unfavourable outcomes was limited by the lack of complete 

TABLE 2  Factors associated with unfavourable outcomes among TB patients treated with first-line therapy in Kerema General Hospital, 
Kerema, Gulf Province, Papua New Guinea, February–December 2016

Variables

Total assessed
(n = 297)

n (%)

Favourable 
outcome
(n = 166)

n (%)

Unfavourable 
outcome
(n = 131)

n (%) OR (95%CI) P value aOR (95%CI) P value

Age, years, median, [IQR] 27 [10–40] 27 [8–40] 28 [13–42] — —
  15 95 (32) 59 (35) 36 (28) Reference Reference
  15 201 (68) 107 (65) 94 (72) 1.44 (0.87–2.37) 0.15 1.72 (0.99–3.00) 0.06
  Unknown 1 (1) 0 1 (1)
Sex
  Male 163 (55) 86 (52) 77 (59) Reference Reference
  Female 133 (45) 80 (48) 53 (41) 0.74 (0.47–1.18) 0.20 0.67 (0.41–1.10) 0.11
  Unknown 1 (1) 0 1 (1)
Type of TB
  PTB 167 (56) 85 (51) 82 (63) Reference Reference
  EPTB 129 (43) 80 (48) 49 (37) 0.63 (0.40–1.01) 0.06 0.51 (0.30–0.88)* 0.02
   Unknown 2 (1) 1 (1) 0
Place of residence
  Within 3 h of BMU 224 (75) 131 (79) 93 (71) Reference Reference
  3 h from BMU 71 (24) 35 (21) 36 (28) 1.45 (0.85–2.48) 0.18 1.32 (0.76–2.32) 0.33
  Unknown 2 (1) 0 2 (2)
Treatment history
  New 243 (82) 140 (84) 103 (79) Reference Reference
  Retreatment 54 (18) 26 (16) 28 (21) 1.46 (0.81–2.64) 0.20 1.39 (0.75–2.60) 0.30
Diagnostic method
  Clinically confirmed 222 (75) 119 (72) 103 (79) Reference Reference
  Bacteriologically confirmed 75 (25) 47 (28) 28 (21) 0.69 (0.40–1.18) 0.17 0.40 (0.21–0.77)* 0.01
HIV status
  Non-reactive 132 (44) 78(47) 54 (41) Reference Reference
  Reactive 12 (4) 5 (3) 7 (5) 2.02 (0.61–6.71) 0.25 1.87 (0.54–6.51) 0.32
  Unknown 153 (52) 83 (50) 70 (53) 1.21 (0.76–1.95) 0.41 1.16 (0.70–1.90) 0.57

* P  0.05.
TB = tuberculosis; OR = odds ratio; CI = confidence interval; aOR = adjusted OR; IQR = interquartile range; PTB = pulmonary TB; EPTB = extrapulmonary TB; BMU = Basic Man-
agement Unit; HIV = human immunodeficiency virus.

TABLE 3  Site of extrapulmonary tuberculosis diagnosed in patients treated with first-line therapy in Kerema General Hospital, Kerema, Gulf 
Province, Papua New Guinea, February–December 2016

Variables
Lymph node

n (%)
Abdominal

n (%)
Meningitis

n (%)
Spinal
n (%)

Other
n (%)

Unknown
n (%)

Total
n (%)

  Total 36 (25) 7 (5) 2 (1) 8 (6) 14 (10) 78 (54) 145 (100)
Age, years, median 

[IQR] 13 [8–30] 40 [21–50] 11 [9–13] 40 [32–52] 24 [8–40] 24 [6–40] 24 [8–40]
Bacteriologically 

confirmed 3 (8) 0 0 0 1 (7) 1 (1) 5 (3)
Successful treatment 

outcome 22 (59) 4 (57) 1 (50) 5 (62) 7 (50) 41 (53) 80 (55)

IQR = interquartile range.
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and accurate information on key variables, including HIV status 
and ‘time to BMU’. We estimated the ‘time to BMU’ based on lo-
cal knowledge; however, this could not be validated.

CONCLUSION

The overall findings of this study showed that diagnostic assess-
ment for TB and for TB-HIV coinfection remain a major challenge 
for Kerema General Hospital. Incompleteness of data collection is 
also a challenge. Interventions to address these issues include en-
hanced training for staff in the new national guidelines, with a 
special emphasis on optimising diagnosis.
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Contexte  :  La Province du Golfe est une zone rurale de la partie 
continentale de la Papouasie Nouvelle Guinée connue pour être 
parmi les plus affectées par la tuberculose (TB) dans le pays.
Objectifs  :  Décrire les caractéristiques et l’évolution des patients TB 
enregistrés pour un traitement de première ligne à l’hôpital général 
de Kerema dans la Province du Golfe entre janvier et décembre 2016.
Schema  :  Une étude rétrospective de cohorte basée sur des données 
de programme recueillies en routine.
Resultats  :  Sur 347 cas dont le site de TB a été enregistré, 54% ont 
été des hommes et 32% avaient moins de 15 ans. Le statut VIH n’a 
pas été enregistré chez 51% des cas. La TB a été confirmée par 
bactériologie dans 23% des cas. Dans la cohorte, il y a eu 145 cas de 

TB extra pulmonaire (42%) et le site de la maladie est resté inconnu 
dans 56% des cas. Sur 297 cas dont le résultat du traitement a été 
évalué, il a été favorable dans 56% des cas et 26% ont été perdus de 
vue. En analyse multivariée, la TB extra pulmonaire (OR ajusté [ORa] 
0,51 ; IC95% 0,30–0,88, P = 0,02) et la TB confirmée par 
bactériologie (ORa 0,40 ; IC95% 0,21–0,77, P  0,01) ont été 
associées à une diminution du risque de résultats défavorables du 
traitement.
Conclusion  :  Les résultats de cette étude mettent en lumière le 
besoin d’améliorer le diagnostic de la TB, l’accès au test VIH, 
l’observance du traitement, le soutien aux patients et la qualité des 
données du programme TB dans la Province du Golfe.

Marco de Referencia:  La provincia del Golfo es una zona rural 
continental de Papúa Nueva Guinea, donde existe una de las cargas 
de morbilidad por tuberculosis (TB) más alta del país.
Objetivos:  Describir las características y los desenlaces clínicos de los 
pacientes con TB registrados para recibir un tratamiento de primera 
línea en el Hospital General de Kerema en la provincia del Golfo, 
entre enero y diciembre del 2016.
Método:  Fue este un estudio retrospectivo de cohortes a partir de 
los datos programáticos corrientes.
Resultados:  De los 347 casos en los cuales se había consignado la 
localización de la TB, el 54% era de sexo masculino y el 32% era 
menor de 15 años de edad. No se contaba con la situación frente al 
virus de la inmunodeficiencia humana en el 51% de los casos. Se 
confirmó bacteriológicamente el diagnóstico de TB en el 23% de los 

casos. La cohorte comportaba 145 casos de TB extrapulmonar (42%) 
y se desconocía la localización en el 56% de estos pacientes. De los 
297 pacientes en quienes se evaluó el desenlace terapéutico, el 56% 
fue favorable y hubo un 26% de pérdidas durante el seguimiento. 
Según el análisis multivariante, los factores asociados con una menor 
probabilidad de desenlace terapéutico desfavorable fueron la TB 
extrapulmonar TB (cociente de posibilidades ajustado [aOR, por odds 
ratio]: 0,51, intervalo de confianza [IC] del 95% 0,30–0,88; P = 0,02) 
y la TB con confirmación bacteriológica (aOR: 0,40; IC95% 0,21–
0,77; P  0,01).
Conclusión:  Los resultados del presente estudio destacan la 
necesidad de mejorar el diagnóstico de la TB, el acceso a las pruebas 
del VIH, la adhesión al tratamiento, el apoyo a los pacientes y la 
calidad de los datos del programa de TB en la provincia del Golfo.


