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Results: Mtb isolates were found in 37 patients and NTM
in 12 patients. All patients had signs of caseous pneumo-
nia and 42 patients (86%) had disease involving more than
half of the lungs. Two-thirds of the patients with TB or NTM
had extra pulmonary engagement in addition to pulmo-
nary pathology. Gross pathology and histopathology were
similar in TB patients and patients with NTM, except that
patients with NTM had a significantly reduced tendencyto
cause pleural effusions. Of the Mtb isolates 55% were of the
Uganda genotype, which is the predominant Mtb genotype
in Uganda. This genotype was significantly more frequent in
the younger patients.
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NTM patients had significantly less pleural effusions.

These results suggest that NTM contribute to mortal-
ity, and that their identification is important because of the
special clinical and therapeutic implications associated with
NTM infections.
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Introduction

Tuberculosis (TB) is the leading infectious cause of mortality
globally, especially in high disease burden countries. Accord-
ing to WHO estimates, there were 10 million new cases of TB
in 2016, with 1.7 million deaths (World Health Organization.
Global tuberculosis report 2017. Geneva: World Health Orga-
nization; 2017), 95% of which were in low and middle-income
countries. In sub-Saharan Africa TB is a major cause of death,
but many cases are unidentified [1], 3,6 million cases of TB are
missed every year according to WHO estimates.

The available WHO data on TB mortality are based on death
registers, national TB reportsand verbal autopsies. These data
are based on microbiology and pathology services which are
inadequate in most low income countries [2]. Autopsy is the
universal gold standard for establishing the cause of death. It
provides accurate morbidity information and identifies undiag-
nosed disease [3]. Yet autopsy rates are low in sub-Saharan Afri-
can countries due to poor infrastructure, suboptimal pathology
services and cultural beliefs [4,5].

Nontuberculous Mycobacteria (NTM) are an important cause
of morbidity and mortality[6]. NTM are ubiquitous environmen-
tal opportunistic bacilli with significant regional variation[7].
NTM disease has increased over the past years in many geo-
graphical regions following improvement in mycobacterial de-
tection and speciation techniques [8]. In many of these regions,
NTM has caused more disease burden than TB [8].

Differentiating NTM infectionsfrom TB is important because
the treatment requirements of NTM infections differ from
thoseof TB [9]. Diagnosis of TBin resource-poor settings is mainly
based on light microscopy of Ziehl Neelsen (ZN) stained smears.
Identification and reporting of NTMis not routinely done. This
leaves a knowledge gap on NTM prevalence and leads to un-
necessary or inappropriate treatment of patients with positive
smears caused by NTM but inadvertently interpreted as Myco-
bacterium tuberculosis (Mtb).

To study the pathology and the mycobacteria associated with
lethal mycobacterial disease complete whole autopsies were
performed on inpatients with suspected TB that died at Mulago
National Referral Hospital (MNRH). Pathological examination
was done in two phases. Gross pathology was registered, and
tissues were taken from all organs for histopathology analysis
after appropriate staining. Samples were also taken for culture
and molecular analysis to identify the different types of myco-
bacteria isolated at autopsy.

Materials and methods
Study setting

MNRH, located in Kampala, Uganda, is a tertiary care and
University teaching hospital receiving patients from across the
country, and in particular from the national referral network.
Patients presenting to MNRH with medical ailments (commu-
nicable and non-communicable disease) are admitted to one of
the medical adult inpatient wards in the Department of Medi-
cine. Patients suspected of suffering from TB are admitted and
treated in the isolation wings of these wards. Voluntary coun-
seling and testing for Human Immuno deficiency Virus (HIV) is
routine for admitted patients at MNRH using WHO-approved
kits. MNRH is the largest TB treatment center in Uganda.

Study design

This is a cross-section observational study in which in pa-
tients with suspected TB who died in MNRH between February
2012 and March 2013 were consecutively recruited. Informed
written consent was obtained from the patients’ next of kin. In-
formation about the research and postmortem procedure was
given in English and Luganda, the predominant local language,
prior to seeking consent to perform postmortem and further
analyses. Next of kin were informed that the study objective was
to establish the cause of death and generate useful knowledge
for improving community healthcare delivery. Recruitment and
grief counseling was done by the principal investigator.

Recruitment

Subjects were recruited with clinical and radiological features
of mycobacterial disease with or without Acid-Fast Bacilli (AFB)
smear positive sputum. Included in the study were patients who
died with clinical-radiological and laboratory data suggestive of
TB including: i) persistent unexplained evening fevers for more
than two weeks, ii) cough for more than two weeks, iii) loss of
weight or appetite, iv) radiological features suggestive of TB.
Patients who died without next of kin or on anti-TB treatment
were excluded from the study.

Post mortem procedure

A complete body postmortem examination was performed
on each of the subjects to study the pathological features of the
inpatients suspected to have died of TB. The examination was
performed within 24 hrs after obtaining consent to avoid au-
tolysis and burial delay. All relevant information was reviewed
before performing the postmortem examination including writ-
ten clinical history, laboratory results and radiology. After exter-
nal examination, careful attention was paid to ensure aseptic
technique. Culture samples were collected in situ immediately
after entering the body using sterile scalpel and forceps. Differ-
ent sets of instruments were used for each culture. En masse
(Letulle) evisceration was done followed by organ dissection
and weighing as described [10]. Organs and regional tissue
especially matted caseating lymph nodes were inspected for
disease, and representative tissue samples taken. Lungs were
examined fresh for extent of disease by cutting sequentially
along the arteries, airways and veins following the McCulloch
and Rutty method [11]. Culture samples were put in a sterile
container containing 5 ml of sterilized water and transported on
ice to the mycobacteriology laboratory at Makerere University
School of Biomedical science.

Tissue analysis

Samples for histopathology were taken from the lung, the
spleen, the liver, lymph nodes, kidney, adrenals, brain and pan-
creas. All histopathology tissues were fixed with 10% formal
saline, sectioned, dehydrated with graded alcohol, and cleared
with xylene. The tissues were then embedded with paraffin
wax to produce tissue paraffin blocks from which 4 um tissue
sections were cut. The tissue sections were stained with Hae-
matoxylin and Eosin (HE) for morphological analysis. Tissue sec-
tions were screened for AFB after staining with flourochrome
(Auramine) and ZN stains. Diagnosis of mycobacterial disease in
the tissue sections was based on HE histological findings includ-
ing chronic granulomatous inflammation, caseous necrosis and
AFB positivity on ZN and auramine-rhodamine tissue staining.
Tissue was cultured for mycobacteria, isolates of which were
subjected to molecular DNA finger printing for mycobacterial
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identification. Diagnostic criteria for NTM diagnosis in tissue
samples was based on recognition of mycobacterial histopatho-
logic features and positive NTM growth on tissue culture [9].

Mycobacteria identification

In the mycobacteriology laboratory samples were homog-
enized and disinfected with sodium hydroxide containing N-
acetylcysteine prior to inoculation into Mycobacteria Growth
IndicatorTube (MGIT 960) and on solid Loewenstein Jensen me-
diafor culture. DNA was harvested from growth following stan-
dard protocols [12] (Reagents from Sigma life Science, USA).

Isolates were identified by performing Polymerase Chain Re-
action (PCR) using 16s reverse and 16s forward primers (Inte-
grated DNA Technologies) targeting the 16s rRNA region with a
conserved sequence typical for the genus Mycobacteria [13-15].
The Capilia TB assay (TAUN, Numazu, Japan) was used to distin-
guish Mtb Complex (MTC) isolates from NTM [16], and MTC iso-
lates were additionally identified by amplification of the inser-
tion sequence 1S6110 using an in-house PCR with aid of reverse
and forward 1S6110 primers (Integrated DNA Technologies). Gel
bands of approximately 500 bp signified positive results [17].

Region of difference (RD) analysis

MTC isolates were typed using PCR based typing method [13]
which depends on chromosomal Region of Difference (RD) dele-
tion loci. The patterns of amplification products are visualized by
agarose gel electrophoresis. RD 9 confirmed that the cases were
Mtb and ruled out other species, RD4 and RD 14 ruled out M.
bovis, the RD724 deletion is characteristic of Uganda genotype.

Spoligotyping

Spoligotyping was performed for all MTC strains following
standard protocols [18] and manufacturer’s instructions (re-
agents from Ocimum Biosolution, custom Master Mix from
ABgene). Spacers were visualized on film as black squares after
incubation with streptavidin-peroxidase and ECL chemilumine
scence detection reagents (RPN 2105 Amersham, GE Healthcare
Bio-sciences). The spacer hybridization patterns were converted
into binary and octal format as previously described [19]. The
43-digit binary code was converted to 15-digit octal code (base
8, having the digits 0-7) [19].

The binary codes of the isolates were entered into the SIT-
VIT2 database of the Pasteur Institute of Guadeloupe and as-
signed specific Shared international spoligotype signatures (SIT)
according to the SITVIT2 database [20].

Identification of uganda genotype

The Uganda genotype, a sub lineage of the T2 lineage, was
identifiedbydeletionofRD724onRDanalysis[21],andabsence of
spacers 33-36 and spacer 40 and/or 43 by spoligotyping [22,23].

Ethical consideration

The study was approved by the Internal Review Board (IRB)
of the Makerere University School of Medicine. Final approval
was granted by the Uganda National Council of Science and
Technology. (HS 1364).

Statistical analysis

Data was entered and analyzed in SPSS version 21. Uni-
variate and multivariate data analysis was performed and lo-
gistic regression models were used to adjust for confounders
like age, sex and HIV status. Chi square and Fisher’s exact test

were used. The independent-samples t test was used toanalyze
guantitative data for a two sample case tocompare means and
determine the probability (p) that the means were statistically
different from each other; if p< 0.05, results were considered
statistically significant.

Results

Between February 2012 and March 2013, 104 patients with
suspected TB were included in the study. Autopsies were per-
formed on 72 patients. In 49 patients mycobacterial culture
was positive (Table 1), MTC were identified in 37 patients, all of
which were Mtb. Twelve patients had NTM.

Patient characteristics

The 49 patients with positive mycobacterial culture had a
median age of 35 years (range 4 years to 75 years). There were
32 males, mean age 38 years with standard deviation of 14, and
17 females, mean age 33 years with standard deviation of 15. p
value= 0.372 (Independent-samples T test). Thirty-eight (76%)
of the patients that were diagnosed with TB on autopsy had
not been diagnosed before death. Thirty-three (67%) of the 49
patients were HIV positive, 14 (29%) were HIV negative and two
(4%) were of unknown status. Two patients with TBhad co-mor-
bidity with malignant lymphoma.

The average age of TB patients was 36 years and of patients
with NTM 36 years, p=0.459 (Table 1). Sixteen patients had pul-
monary disease only, while 33 had pulmonary and extra pulmo-
nary disease. None had extra pulmonary disease only. 38 (76%)
of the patients that were diagnosed with TB by autopsy had not
been diagnosed during their life.

Twelve (32%) TB patients and four (33%) patients with NTM
had pulmonary disease only, while 25 (68%) TB patients and
8(67%) with NTM had extrapulmonary disease. Of the patients
with extrapulmonary engagement 23 (62%) with TB and 4(33%)
with NTM had lymphadenopathy (Table 2). In all patients the lo-
cation of the involved lymphnodes was in the abdomen, though
one person had associated superficial lymphadenopathy and
three had additional hilar lymphadenopathy.

Extra pulmonary TB was significantly more prevalent among
patients with HIV than among those without (p=0.000, OR 26
95% Cl 5.1-138.4). Cavitating TB lung disease was significantly
more prevalent among patients without HIV than those with (p
=0.002, OR 0.1 95% CI 0.-0.4).

Among the 33 HIV infected patients, 26 (79%) had TB and 7
(21%) patients had NTM, while of the 14 patients uninfected
with HIV, 10 (71%) were TB patients and 4(29%) patients had
NTM.

Histopathology

All patients had caseous pneumonia. Forty-two patients
(86%) had severe disease involving more than half of the lungs.
Bronchocentric granulomas were seen in three patients with
NTM lung infection and all were HIV negative. Lesions seen in
the other organs including the liver, kidney, spleen and lymph
nodes (Figure 1 & 2) were characterized by chronic granuloma-
tous inflammation (Figure 3 & 4). The granulomas were char-
acterized by caseous necrosis and variable cellular periphery
comprising mature lymphocytes, histiocytes and occasional
Langhans giant cells. There was no significant difference in the
granuloma morphology and composition between the lesions
related to MTC and NTM.
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Both Mtb and NTM were found in a variety of organs (Table
2) with similar frequency. However, even after adjusting for con-
founding factors like age, sex and HIV status serous effusions
were significantly less prevalent in patients with NTM than in

patients with TB (Table 2).

Uganda genotype | BT o i |

All 29 genotyped MTC isolates were Mtb of which 16 (55
%) were Uganda genotype. TB due to Mtb Uganda genotype ABHI [1onm ]
was not significantly associated with gender (p=0.130) and HIV 80 rklec ot ‘

status (p=0.688). However there was a significant difference
in mean age between patients infected with Mtb non-Uganda
genotypes (x=40.77) and patients infected with Mtb Uganda
genotype (x=31.06), p=0.031, with 95% Cl -18.9 to 0.050, the
patients with Uganda genotype being significantly younger that
those with non-Uganda genotype. There was no significant dif-

| 29 MTC |solates genotyped |

ference in tendency to disseminate or preference for any organ i g
between the predominant Uganda genotype compared to the
non-Uganda Mtb strains (Table 3). Figure 1: Study flow diagram

Figure 2: Disseminated TB involving (a) tubercles in the spleen parenchyma (b) tubercles at the base of brain (c) Miliary TB of lung
showing numerous 1-2 mm yellow nodules in the lung parenchyma (d) large matted caseating mediastinal lymph nodes.

Figure 3: (a) Tuberculous pancreatitis: Chronic caseous granulomatous inflammation involving the interlobular
fibrous connective tissue septa and destroying adjacent acini and interlobular ducts. The inflammation spreads along
the interlobular septa.

(b) Tuberculous nephritis: Chronic caseous granulomatous inflammation involving and destroying cortical labyrinth.

Figure 4: (a) Hepatic TB. Multiple granulomas destroying hepatocytes. Central caseous necrosis and Langhans giant cells (Ar-
row). HIV positive with disseminated TB.
(b) Bronchial centric and bronchiolar centric granulomas.HIV Negative with NTM.
(c) Caseous pneumonia characterized by central caseous necrosis, granuloma and Langhans giant cells (Arrow). Narrowing of the bronchioles
is accompanied by destruction of interalveolar septa resulting in emphysema (E).
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Table 1: HIV status and demographic parameters of the patients infected with MTC as
compared to those infected with NTM.

HIV Status MTC n= 37 (75.5%) NTM n= 12 (24.5%) P-Value
HIV + 7(64%)
0.710
HIV - 4 (36%)
Age
mean 36 (SD 18) 0.459
Sex
Female 4 (33%)
1.000
Male 8(67%)

Table 2: Visceral involvement in patients with TB and NTM: Pathological and microbiological findings.

Crude Adjusted*
Viscera involved TB/NTM n (%)
OR (95% Cl) P-value OR (95% Cl) P-value
Lung: Pleural effusion 19 (51%)/1 (8%) 0.1(0.0-0.7) 0.025 0.1(0.0-0.9) 0.038
Lung: Cavitation 7 (19%)/2 (17%) 0.9 (0.2-4.8) 0.861 2.0(0.2-21.4) 0.554
Liver 13 (35%)/1 (8%) 6(0.7-51.4) 0.105 0.2 (0.0-1.8) 0.142
Spleen 20 (57%)/4 (33%) 02.7 (0.7-10.5) 0.162 3.9 (0.6-26.6) 0.163
Brain: Meningitis 14 (38%)/4 (33%) 1.2(0.3-4.8) 0.7791 1(0.2-4.9) 0.903
Pancreas 12 (33%)/3 (25%) 2(0.4-8.6) 0.420 4.9 (0.7-33.3) 0.105
Lymph nodes 23 (62%)/4 (33%) 3.3(0.8-12.9) 0.089 3.5(0.6-19) 0.140
Kidney 17 (46%)/2 (17%) 4.3 (0.8-22.1) 0.086 4.6 (0.7 -29) 0.114
Adrenal glands 3 (8%)/ 0 (0%) 0.999 0.999
Extrapulmonary (any kind) 25 (68%)/8(68%) 1(0.2-3.8) 0.954 2.5(0.3-21.2) 0.396
Adjusted*: Adjusted for Age, Sex and HIV status; OR: Odds ratio; Cl: Confidence Interval Logistic regression.
Table 3: Visceral tuberculosis: Pathological and microbiological findings.
Crude Adjusted*
Viscera involved Uganda/Non-Uganda n (%)

OR (95% Cl) P-value OR (95% CI) P-value

Lung: Cavitation 5(71%)/11(50%) 2.5(0.4-15.7) 0.321 0(0) 0.998
Lung: Pleural effusions 7 (44%)/8 (62%) 0.5(0.1-2.2) 0.343 0.2 (0.-1.8) 0.166
Spleen 9 (60%)/8(67%) 0.8 (0.2-3.7) 0.722 0(0-) 0.998
Liver 6 (38%)/6(46%) 0.7 (0.2-3.1) 0.638 0.1(0.0-2.2) 0.133
CNS: meningitis 7 (44%)/4(31%) 1.8(0.4-8.1) 0.476 1.1(0.2-8.5) 0.917
Pancreas 6 (38%)/4(31%) 1.3(0.3-6.4) 0.705 0.6 (0.1-5.7) 0.682
Lymph Nodes 10 (63%)/9(69%) 0.7 (0.2-3.5) 0.705 0.3(0-3.5) 0.319
Kidney 8 (50%)/7(54%) 0.9 (0.2-3.7) 0.837 0.1(0-3.0) 0.192
Extrapulmonary TB (any kind) 11 (69%)/9(69%) 1(0.2-5) 0.978 2(0.1-29.3) 0.623

Adjusted*: Adjusted for Age, Sex and HIV status; OR: Odds ratio; Cl: Confidence Interval Logistic regression.
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Discussion

Postmortem examination is the gold standard for establish-
ing the specific cause of death and allows for quantification of
disease burden. In this study, 38(76%) of the patients that were
diagnosed with TB by autopsy had not been diagnosed during
their life.

Very few autopsy studies have been performed on patients
with TBin Africa. Those performed have indicated TB as the most
common autopsy finding especially in HIV patients [24,25] and
that in many cases, the diagnosis is either delayed or missed.
This implies that TB remains a leading infectious disease associ-
ated with mortality and that diagnosing TB remains a challenge,
especially in the case of extra pulmonary TB.

All TB patients in this study had signs of caseous pneumonia,
which is the last stage in the development of post primary TB
[26], and most had severe disease involving more than half of
the lungs. Extra pulmonary TB was prevalent in more than two-
thirds of the cases, and was significantly associated with HIV
infection.

To our knowledge few studies of the genotype of Mtb iso-
lates have been performed in autopsy cases [27]. In a Russian
study, the predominant Beijing genotype was more frequently
identified in autopsy than patient samples, while the Ural geno-
type was significantly less frequently identified in autopsy sam-
ples [27].

In Uganda, the Uganda genotype of Mtb is the predominant
cause of pulmonary TB, and accounts for upto 70% of isolates
[28,29]. In a study of tuberculous lymphadenitis patients, we
found that the Uganda genotype was a predominant cause of
extra pulmonary TB, but at a lower frequency (46%) [29]. Pa-
tients infected with this genotype had a significantly lower fre-
quency of abdominal lymphadenopathy compared to patients
with isolates with non-Uganda genotype [29]. In this study, 55%
of the TB cases were caused by the Uganda genotype, including
those with extrapulmonary TB. The fact that the patients with
the Uganda genotype were younger than those with non-Ugan-
da genotype may be an indication that the Uganda genotype is
still on the rise in Uganda.

In a quarter of the 49 cases with mycobacteria NTM were iso-
lated. In general NTM should be identified to the species level
[9], since there is large variation in virulence between different
NTM species. Although they were not speciated, this is an inter-
esting finding since in 8 of the 12 cases with NTM the isolates
came from sterile sites such as liver, kidney or lymph nodes, in-
dicating that they were of clinical relevance. One source of en-
vironmental contamination could be the sterile water in which
the specimens were transported. However controls in terms of
culture of the water did not reveal any contamination with NTM
(data not shown).

The clinical features of NTM are indistinguishable from those
of TB in immunocompetent people [30]. We isolated NTM in
both HIV co-infected patients and patients not infected with
HIV. The gross pathology and histopathology in these cases
were similar to the findings in TB patients. However, pleural ef-
fusions were significantly less prevalent in patients with NTM,
both before and after adjusting for confounders like sex, HIV
status, and age. This agrees with earlier reports that pleural ef-
fusions are rare in disease with NTM [31]. Pleural effusion is one

of the most common findings in extra pulmonary TB, and the
cause of the effusion is regarded as a delayed hypersensitivity
response to mycobacterial antigens in the pleural space. The hy-
persensitivity reaction generating a pleural effusion depends on
pathogen virulence and the host immune status [32]. The lower
prevalence of pleural effusions in NTM patients in this study
may reflect differences in antigens exposed by the NTM or the
immune suppression associated with underlying diseases.

The disease outcome following infection with mycobacteria
depends on environmental, host and pathogen factors [33]. NTM
infection can occur throughout the body, though pulmonary in-
fections are the most common form of NTM infection [33]. Most
NTM infections generate a chronic granulomatous inflamma-
tion and are clinically indistinguishable from TB. Various species
of NTM have been identified as potential pathogens in a large
proportion of pulmonary disease both in immune competent
and immune compromised hosts [34-36], and are associated
with pulmonary structural changes like bronchiectasis, chronic
obstructive pulmonary disease and cystic fibrosis [9]. Although
clinical infections with NTM are rare, they are increasingly being
recognized, and in some regions occur more frequently than TB,
even in patients without predisposing factors [37] but especially
in immunocompromised patients [38]. Disseminated infection
has mainly been reported in patients with immunosuppression
[39]. NTM was reported in HIV patients with less than 50 CD4
cell/ul [40], and in patients with abnormalities of Interferon
gamma (IFN-y) or Interleukin-12 (IL-12) [41,42]. NTM are most
prevalent in HIV subjects and most of the NTM were found to
be clinically significant [43]. In a study involving HIV patients in
Miami, USA, NTM were disseminated in the majority of cases
and mortality was 10% for disseminated disease [44]. However
other studies have reported cases of disseminated NTM in pa-
tients without any predisposing conditions [45,46].

Limitations: Our study has a number of limitations. The
sample size was restricted due to low consent and recruit-
ment levels attributed to customary and religious beliefs. The
small sample size may not be representative of the entire study
population. Our study designed to establish the mycobacteria
causing fatal TB disease in a tertiary referral hospital does not
represent cause of death in the entire health care strata. Most
of the patients diagnosed with TB in Uganda are treated as out-
patients and are difficult to track. Because of the small sample
size, binary logistic regression odds ratio are exaggerated, which
should be considered in interpreting results of small sample size
studies.

Significance/Implication: The results of this study may be
valuable in policy formulation with regard to diagnosis and
management of mycobacterial diseases. Better protocols for
prevention, early identification and management of NTM dis-
ease should be developed. NTM disease morbidity and mortal-
ity may be reduced by developing appropriate screening tools,
early diagnostic strategies and good reporting systems.

Conclusion

In patients with presumptive TB, a majority of culture positive
cases were caused by Mtb, and histopathology was similar in TB
and NTM patients, although NTM patients had significantly less
pleural effusions. These results suggest that NTM contribute to
mortality, and that their identification is important because of
the special clinical and therapeutic implications associated with
NTM infections.

Journal of Tuberculosis



MedDocs Publishers

Declarations
Ethics approval and consent to participate:

The study was approved by the Internal Review Board (IRB)
of the Makerere University School of Medicine. Final approval
was granted by the Uganda National Council of Science and
Technology. (HS 1364). Informed written consent was obtained
from the patients’ next of kin. Information about the research
and postmortem procedure was given in English and Luganda,
the predominant local language, prior to seeking consent to
perform postmortem and further analyses.

Consent for publication

Consent for publication was obtained from all the patients’
next of kin.

Availability of data and materials

All data generated or analysed during this study are included
in this article. The datasets used and/or

analysed during the study are available from the correspond-
ing author on reasonable request.

Competing interests: The authors declare that they have no
competing interests.

Funding: The study was supported by funds from the Swed-
ish International Development Cooperation Agency through
Makerere University-Karolinska Institutet Research collabora-
tion, and the Swedish Heart-Lung Foundation.

Authors’ contributions

DW: Participated in the research conceptual development,
drafting the manuscript, research implementation, data acqui-
sition and interpretation and intellectual content. MJ: Partici-
pated in the research conceptual development and design and
contributed to the intellectual content of the manuscript. GK:
Participated in conceptual development, drafting and critically
revising the manuscript. Contributed substantially to the intel-
lectual content and gave the final approval of the manuscript.

Acknowledgement

Special thanks go to lan Mc Daniels who helped with English
copy editing. | send my Gratitude to Carol Namaganda and her
team in the Makerere College of Health Sciences (Makchs) My-
cobacteriology Laboratory and Dr. Samuel Kyobe and his Team
of Makchs Molecular Laboratory. | also thank my research as-
sistant Mr. James Serubugo and my mortician Richard Ssetudde
of Mulago National Referral Hospital.

References

1. Bates M, Mudenda V, Shibemba A, Kaluwaji J, Tembo J, et al.
Burden of tuberculosis at post mortem in inpatients at a tertiary
referral centre in sub-Saharan Africa: A prospective descriptive
autopsy study. Lancet Infect Dis. 2015; 15: 544-551.

2. Mudenda V, Lucas S, Shibemba A, O’Grady J, Bates M, et al. Tu-
berculosis and tuberculosis/HIV/AIDS-associated mortality in
Africa: The urgent need to expand and invest in routine and re-
search autopsies. J Infect Dis. 2012; 15: 22.

3. Bates M, Mudenda V, Mwaba P, Zumla A.Deaths due to respira-
tory tract infections in Africa: A review of autopsy studies. Curr
Opin Pulm Med 2013; 19:229-237.

4. Lishimpi K, Chintu C, Lucas S, Mudenda V, Kaluwaji J, et

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

al.Necropsies in African children: Consent dilemmas for parents
and guardians. Arch Dis Child. 2001; 84: 463-467.

Ordi J, Ismail MR, Carrilho C, Romagosa C, Osman N, et al. Clini-
co-Pathological Discrepancies in the Diagnosis of Causes of Ma-
ternal Death in Sub-Saharan Africa: Retrospective Analysis. PLoS
Med. 2009; 6: €1000036.

Griffith DE.Nontuberculous mycobacterial lung disease. Current
Opinion in Infectious Diseases. 2010; 23:185-190.

Falkinham JO. Mycobacterial Aerosols and Respiratory Disease.
Emerging Infectious Diseases. 2003; 9: 763-767.

Johnson MM, Odell JA.Nontuberculous mycobacterial pulmo-
nary infections. Journal of Thoracic Disease. 2014; 6: 210-220.

Diagnosis and treatment of disease caused by nontuberculous
mycobacteria. This official statement of the American Thoracic
Society was approved by the Board of Directors, March 1997.
Medical Section of the American Lung Association. Am J Respir
Crit Care Med 1997; 156: S1-25.

Michael T. Sheaff DJH.Evisceration Techniques. Post Mortem
Technique Handbook. 2004; 82-118.

McCulloch TA RG. Postmortem examination of lungs: A preserva-
tion technique for opening the bronchi and pulmonary arteries
without transection problems. J Clin Pathol. 1998; 51: 163-164.

Van Embden JD, Cave MD, Crawford JT, Dale JW, Eisenach KD, et
al: Strain identification of Mycobacterium tuberculosis by DNA
fingerprinting:Recommendations for a standardized methodol-
ogy. J Clin Microbiol. 1993; 31: 406-409.

Huard RC, Lazzarini LC, Butler WR, van Soolingen D, Ho JL.PCR-
based method to differentiate the subspecies of the Mycobac-
terium tuberculosis complex on the basis of genomic deletions.
J Clin Microbiol. 2003; 41: 1637-1650.

Springer B, Stockman L, Teschner K, Roberts GD, Bottger EC.Two-
laboratory collaborative study on identification of mycobacteria:
Molecular versus phenotypic methods. J Clin Microbiol. 1996;
34:296-303.

Turenne CY, Tschetter L, Wolfe J, Kabani A.Necessity of quality-
controlled 16S rRNA gene sequence databases: Identifying non-
tuberculous Mycobacterium species. J Clin Microbiol 2001; 39:
3637-3648.

Maurya AK, Nag VL, Kant S, Kushwaha RAS, Kumar M, et
al.Evaluation of an immunochromatographic test for discrimi-
nation between Mycobacterium tuberculosis complex & non
tuberculous mycobacteria in clinical isolates from extra-pulmo-
nary tuberculosis. Indian Journal of Medical Research. 2012;
135:901-906.

Muhumuza J, Asiimwe B, Kayes S, Mugyenyi R, Whalen C, et
al.Introduction of an in-house PCR for routine identification of
M. tuberculosis in a low-income country. Int J Tuberc Lung Dis
2006; 10: 1262-1267.

Kamerbeek J, Schouls L, Kolk A, van Agterveld M, van Soolingen
D,et al.Simultaneous detection and strain differentiation of My-
cobacterium tuberculosis for diagnosis and epidemiology. Jour-
nal of clinical microbiology. 1997; 35: 907-914.

Dale JW, Brittain D, Cataldi AA, Cousins D, Crawford JT, et
al.Spacer oligonucleotide typing of bacteria of the Mycobacte-
rium tuberculosis complex: recommendations for standardised
nomenclature. Int J Tuberc Lung Dis. 2001; 5: 216-219.

Demay C, Liens B, Burguiere T, Hill V, Couvin D, et al.SITVITWEB
— A publicly available international multimarker database for
studying Mycobacterium tuberculosis genetic diversity and mo-

Journal of Tuberculosis



MedDocs Publishers

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

lecular epidemiology. Infection, Genetics and Evolution. 2012;
12: 755-766.

Bazira J, Asiimwe B, Joloba M, Bwanga F, Matee M. Mycobacte-
rium tuberculosis spoligotypes and drug susceptibility pattern
of isolates from tuberculosis patients in South-Western Uganda.
BMC Infectious Diseases. 2011; 11: 81.

Warren R, Streicher E, Sampson S, van der Spuy G, Richardson
M, et al.Microevolution of the direct repeat region of Mycobac-
terium tuberculosis: implications for interpretation of spoligo-
typing data. J Clin Microbiol. 2002; 40: 4457-4465.

Sola G, Filliol I, Legrand E, Mokrousov |, Rastogi N.Mycobacterium
tuberculosis phylogeny reconstruction based on combined nu-
merical analysis with 1S1081, 1S6110, VNTR, and DR-based spo-
ligotyping suggests the existence of two new phylogeographical
clades. J Mol Evol. 2001; 53: 680-689.

Lucas SB, De Cock KM, Hounnou A, Peacock C, Diomande M,
et al.Contribution of tuberculosis to slim disease in Africa. Bmj.
1994; 308: 1531-1533.

F. S. Rana MPH, C. Mwachari et al.Autopsy study of HIV-1-posi-
tive and HIV-1-negative adult medical patients in Nairobi, Kenya.
Journal of Acquired Immune Deficiency Syndromes. 2000; 24:
23-29.

Hunter RL.Pathology of post primary tuberculosis of the lung:
An illustrated critical review. Tuberculosis. 2011; 91: 497-509.

Ogarkov O, Mokrousov |, Sinkov V, Zhdanova S, Antipina S, et
al’Lethal’ combination of Mycobacterium tuberculosis Beijing
genotype and human CD209 -336G allele in Russian male popu-
lation. Infect Genet Evol. 2012; 12: 732-736.

Asiimwe BB, Koivula T, Kallenius G, Huard RC, Ghebremichael S,
et al.Mycobacterium tuberculosis Uganda genotype is the pre-
dominant cause of TB in Kampala, Uganda. Int J Tuberc Lung Dis.
2008; 12: 386-391.

Wamala D, Asiimwe B, Kigozi E, Mboowa G, Joloba M, et
al.Clinico-pathological features of tuberculosis due to Mycobac-
terium tuberculosis Uganda genotype in patients with tubercu-
lous lymphadenitis: A cross sectional study. BMC Clin Pathol.
2014; 14: 1472-6890.

Tortoli E.Clinical manifestations of nontuberculous mycobacte-
ria infections. Clinical Microbiology and Infection 2009; 15: 906-
910.

Kakugawa T, Mukae H, Kajiki S, Tanaka A, Yamayoshi T, et al. My-
cobacterium avium Pleuritis in a Non-Immunocompromised Pa-
tient. Intern Med. 2008; 47: 1727-1731.

Diagnostic Standards and Classification of Tuberculosis in Adults
and Children. American Journal of Respiratory and Critical Care
Medicine. 2000; 161: 1376-1395.

Chan ED, Iseman MD.Underlying host risk factors for nontuber-
culous mycobacterial lung disease. Semin Respir Crit Care Med.
2013; 34: 110-123.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

O’Brien RJ, Geiter LJ, Snider DE, Jr.The epidemiology of nontu-
berculous mycobacterial diseases in the United States. Results
from a national survey. Am Rev Respir Dis. 1987; 135: 1007-
1014.

Martin-Casabona N, Bahrmand AR, Bennedsen J, Thomsen VO,
Curcio M, et al.Non-tuberculous mycobacteria: Patterns of isola-
tion. A multi-country retrospective survey. Int J Tuberc Lung Dis.
2004; 8: 1186-1193.

Henry MT, Inamdar L, O’Riordain D, Schweiger M, Watson
JP.Nontuberculous mycobacteria in non-HIV patients: Epidemi-
ology, treatment and response. Eur Respir J. 2004; 23: 741-746.

Boggs DS.The changing spectrum of pulmonary infections due
to nontuberculous mycobacteria. J Okla State Med Assoc. 1995;
88:373-382.

Katalinic-Jankovic V, Grle SP, Obrovac M, Cvetnic E, Alfirevic
T.[Infections due to nontuberculous mycobacteria]. Lijec Vjesn.
2007; 129: 146-151.

von Reyn CF, Kimambo S, Mtei L, Arbeit RD, Maro |, et
al.Disseminated tuberculosis in human immunodeficiency vi-
rus infection: Ineffective immunity, polyclonal disease and high
mortality. Int J Tuberc Lung Dis. 2011; 15: 1087-1092.

Griffith DE, Aksamit T, Brown-Elliott BA, Catanzaro A, Daley C,
et al.An official ATS/IDSA statement: Diagnosis, treatment, and
prevention of nontuberculous mycobacterial diseases. Am J Re-
spir Crit Care Med. 2007; 175: 367-416.

Casanova JL, Abel L.Genetic dissection of immunity to myco-
bacteria: The human model. Annu Rev Immunol 2002; 20: 581-
620.

Dorman SE, Holland SM.Interferon-gamma and interleukin-12
pathway defects and human disease. Cytokine Growth Factor
Rev. 2000; 11: 321-333.

Yates MD, Pozniak A, Grange JM.Isolation of mycobacteria from
patients seropositive for the human immunodeficiency virus
(HIV) in south east England: 1984-92. Thorax 1993; 48: 990-
995.

Miguez-Burbano MJ, Flores M, Ashkin D, Rodriguez A, Granada
AM, et al.Non-tuberculous mycobacteria disease as a cause of
hospitalization in HIV-infected subjects. International Journal of
Infectious Diseases. 2006; 10: 47-55.

Iseman MD, Marras TK.The Importance of Nontuberculous My-
cobacterial Lung Disease. American Journal of Respiratory and
Critical Care Medicine. 2008; 178: 999-1000.

Chetchotisakd P, Kiertiburanakul S, Mootsikapun P, Assanasen S,
Chaiwarith R, et al.Disseminated Nontuberculous Mycobacterial
Infection in Patients Who Are Not Infected with HIV in Thailand.
Clinical Infectious Diseases. 2007; 45: 421-427.

Journal of Tuberculosis



