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1. INTRODUCTION

Embalming fluid contains substances such as formaltihanol, phenol, and
other solvents to temporarily prevent decompositidinese agents disinfect,
preserve, and/or sanitise (Pretorius 1995). An aming fluid formula

should have the following requirements: fixativeactericide, fungicide,

humectant, and colour enhancer (Pretorius 199%)m&lin and ethanol are
used as fixatives by denaturing the cellular prateimeaning the proteins
cannot act as a source of nutrients for the bactefhenol is used as a
bactericide to destroy a broad spectrum of orgasisimd promotes good

colour retention to muscle tissue (Pretorius anghBr1992).

The risk of contracting a disease such as tubes=ul@B) among persons
who are in close contact with recently deceasedlpeas high (Gerston,
Blumberg, Tshabalala and Murray 2004) and the wiakies according to
occupation. Workers at anatomy departments andalenalos are some of
those people who are at a greater risk of contrgdtiberculosis carried by
cadavers. This increased risk may be due to tpesexe to this organism
during the embalming process, which involves theaiation of infectious

aerosol (Sterling, Pope, Bishai, Harrington, Genstamd Chaisson 2000).



Embalming does not guarantee that the growth ofb@Bteria is halted. In
1949, Meade and Steenken already reported the lgroiviMlycobacterium
from embalmed cadavers although not much detailgingen. Sterlinget al.
also reported a case where an embalmer contradie@ftér handling an
infected cadaver (Sterlingt al. 2000). Another study by Gerstenal. (2004)
attempted to culture TB from formalin-fixed lungsOf the 138 cases,
Mycobacteriumwas grown from 12 cases (9%). Gersatral. (2004) also
found thatMycobacterium tubercules (MTB) was isolated from formalin-

fixed tissue up to 45 days after fixation.

Nevertheless, in medical circles it is a perceptimat once tissue is fixed in
formalin, the risk for contracting TB is greatlydreced or eliminated (Gerston
et al.2004). A subsequent study by Weed and Baggenshasged that MTB

remains infectious for at least 24 — 48 hours a#tebalming (Weed and
Baggenstoss 1951). Demirylrek, Bayramoglu, anda¢éétbi stated that

formalin is an effective tuberculocidal (Demirytreikal.2002).

MTB causes granuloma (a mass of inflamed granulatissue) and the
effective penetration of embalming agents into ¢he#es raises questions.

The granuloma that forms typically appears chekgeftaseation) and this is
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known as a tubercle (Thomas 1983). MTB infectiarely occurs in the
anterior segments of the lungs, but commonly indpeal segments of the
upper and lower lobes as well as the hilus regibthe lung (Brink and de
Kock 1973). MTB is an aerobic bacterium and thudtiplies better in the

apex of the lung where oxygen concentration isdrgh

There also seem to be a lack of guidelines foreffective and safe handling
of formalin-fixed autopsy tissue that has beendtdd by MTB Both the
Centres for Disease Control and Prevention (CDGlL8ad the Occupational
Safety and Health Administration (OSHA 1996) laak mnention these
guidelines. Based on this, the disinfection properof fixatives for MTB

infected tissue thus remain unclear.



1.1 AIM AND OBJECTIVES

Theaim is to investigate if MTB is still viable in humaradaver lung tissue

and especially in granulomatous tissue after eminglimas taken place.

Thus, theobjective of this research study is to test the efficacy loé t
embalming fluid used at the department of Basic iflEdSciences (University
of the Free State) on eliminatinglycobacterium tuberculosisn human

cadaver lung tissue.



1.2 CADAVERS

The department of Basic Medical Sciences (UFS)iveseapproximately 80 —
100 human cadavers per year for research and éshaapurposes (Table
1.1). The cadavers are obtained as human donatr@hanclaimed bodies. |If
bodies are not claimed within 14 days after dethih Inspector of Anatomy is
notified. The department is according to The Hurfiggssue Act, Act 65 of
1983, the only authorised institution at the UFSdoeive human cadavers
(Pretorius and Brune 1992) and is authorised byirtepector of Anatomy to

perform research on these cadavers.

According to the number of MTB infected cadaversorded during 2010,

approximately 25% is expected to have TB as sedialne 1.1.

Tablel.1 Number of cadavers received from 2009 — 2011 atiépartment
of Basic Medical Sciences (UFS) and the numberectdsed due to

Mycobacterium tuberculoseccording to the death certificates.

Y ear Total number of Number of cadavers | % of cadaverswith
cadavers with TB (according to TB (according to
received death certificate) death certificate)

2009 90 22 24%

2010 103 26 25%

2011 81 11 14%




1.3 EMBALMING FLUID

A simple definition for embalming is the disinfemti, temporary preservation,
and restoration by way of injection of embalmingjdiinto the radial artery of
the cadaver (Pretorius 1995According to Creely (2004), embalming is also
to restore a more life-like appearance for presimia According to Pretorius
and Brune (1992), embalming fluid formula shouldvénahe following

requirements: fixative; bactericide; fungicide; heotant and colour enhancer.

A fixative is a stabilizing or a preservative agehkixation methods fall in two

classes: cross-linking agents and organic solveritse result of adding a
fixative such as formalin to embalming fluid isreact with proteins to create
“cross-links”. These “cross-links” cause the firess of embalmed tissue and
inactivate the enzymes that are responsible fort-mostem autolytical

processes. Autolysis (self-digestion) is the psscef self-destruction that
starts soon after cell death creating an enzyneclatthat causes protein
breakdown and eventually liquefaction of the celldn the absence of
embalming, putrefaction (stage of decomposition) take place (Pretorius

and Brune 1992). Autolysis can be halted by dieglthe enzymes by adding

a fixative. By changing the pH level in the bodyhy placing the body in
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temperatures well below normal body temperatureaése ways of stopping
autolysis (Pretorius and Brune 1992). The micranigm involved in the
process of decomposition is not pathogenic (Morg@f4) and is mostly
normal flora found in the gastro-intestinal tracthe putrefactive stage of
decomposition is mainly driven by anaerobic baatenithin the gastro-
intestinal tract. Organic solvents such as alcgba. ethanol) remove lipids
and dehydrate the cells. The dehydrated firm éssuless attractive for

bacterial consumption (Pretorius and Brune 1992).

A bactericide is an agent or a substance capablestroying bacteria or
inhibiting the growth of bacteria. These agentsdh® be effective against a
broad spectrum of bacteria. Bactericides can workarious ways, either by
stopping cell division of the bacteria or by interhg with the formation of

the cell walls or even by stopping the bacterimtdtiply (Ajmani 1998).

A fungicide is an agent or a chemical substancaldapof killing fungi or
inhibiting the growth of fungi. Fungicide thus peats the spread of fungi on
cadaver tissue. Most fungal infections on humatagars are saprophytic and
multiply in untreated or poorly embalmed cadavéysn@ni 1998). A fungal

infection will appear as blue, green, or purple™fon the surface of the body.
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A humectant (moistening/wetting agent) is a hygopsc substance.
Hygroscopic refers to the ability to absorb watent the air. A humectant is
added to prevent hardening and distorting and helgtore the tissue
dehydrated by the formalin to a more natural hysfatondition (Pretorius

and Brune 1992).

A colour enhancer gives the cadaver a more nakooll Certain chemicals
act on the blood pigment to restore the red colaiter fixation. Other
chemicals give a better colour contrast betweendifferent types of tissue

(Pretorius and Brune 1992).

The department of Basic Medical Sciences (UFS) usestandardised
embalming formula for the embalming of the cadavérable 1.2 shows the

recipe for the embalming fluid for 1 cadaver.



Table1.2 Embalming fluid recipe (Pretorius and Brune 1992).

20 L 96% Ethanol

1L 40% Formalin

15L PineOll

7.5L Water

1.5L 80% Liquid Phenol

The formal name for formalin is formaldehyde (HCH®)e British Chemist;
August Wilheld Von Hofmann (Dixit 2008) discoverad According to
Pretorius and Brune (1992), formalis the best fixative but it has the
following disadvantages: slow in penetrating tisste fumes may irritate
mucous membranes of air passages; limits supplerfgsssue and does not
promote good colour retention (Pretorius and Bri®@2). It is a colourless,
highly flammable gas at room temperature with atimis odour.
Commercially it is available as formalin, whichfemaldehyde gas in water.
A study conducted by Coleman and Kogan (1998) fahatl 0.5 L 37 — 40%
formaldehyde per body is adequate for embalmingogaes. Formalin
usually also contains methanol, which inhibits padyisation. Formalin acts

as a high-level germicide (Demiryilrekal 2002).
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The fumes of the formaldehyde are intensely iintato mucous membranes
of the eye, nose, and upper respiratory tract. rel'laee also indications that
formaldehyde has a carcinogenic effect (Pretorivml @&8rune 1992).
According to Pretorius and Brune (1992), asthma alkekgies are more
prevalent in humans if they are exposed continyousl fumes of

formaldehyde.

Ethanol (Table 1.2xcts as a fixative, bactericide, and fungicide ibutighly
flammable and may dehydrate tissue (Pretorius antdeB1992). Ethanol is
however ineffective against prions, endospores aodenveloped viruses
(Demirytrek et al. 2002). Pine oil (Table 1.2) acts as a humectandt &an
colour enhancer. It also improves the smell of@éhdalming fluid by giving

it a “pine” odour (Pretorius and Brune 1992).

Phenol (carbolic acid) acts as a bactericide anjibide but has a few
disadvantages: it is expensive, toxic, has an aspl& smell, and if splashed
on skin it can cause serious burns (Dixit 2008}. th%e right concentrations,
phenol is used as a colour enhancer of muscleetigsting muscle tissue a

suitable brown colour (Pretorius and Brune 1992).
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According to Dixit (2008), the toxic effects of tHemes of formaldehyde
during embalming may be reduced by installing gwedtilation systems in
the embalming rooms. Embalmers should be educabedt the potential
health hazard of the fumes, wear protective clgthamd masks during the

embalming process, and avoid spillage of the emibglrfituid.

Six months after embalming, the cadavers are réadgissection purposes
(Pretorius and Brune 1992). In the dissection, hlaéé cadavers are wrapped
in cloths and plastic to prevent the cadavers fdoymng out and discolouring.
The cloths are dipped in a wetting fluid consistoiga mixture of 250 ml pine

oil and 250 ml 80% liquid phenol.
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1.4 PULMONARY TUBERCULOSIS

Pulmonary TB (PTB) is a contagious, bacterial luhgease but it can also
affect the central nervous system, the lymphatistesy, the circulatory
system, the genitourinary system, bones, jointd,even the skin (Bloom and
Murray 1992). PTB is caused Ibyycobacterium tuberculosig rod-shaped
bacterium (Figure 1.1) with a lipid-rich cell walMycobacteriuminfections

are intracellular and cause granulomatous lesi8u®lfl, Rouse, and Fisher
2001). MTB has the following characteristics: +#uotile; non-spore

forming; acid-fast and aerobic.

MTB was first isolated by Robert Koch in 1882 (Btoand Murray 1992)
and today itis the leading cause of infectious disease accordirthe World

Health organisation (WHO 2011) second to HIV. Astirmated 1.3 million

people died of TB in 2008. In 1993, the WHO destail B a global health
emergency (WHO 1993). Eight to ten million neweasasf TB are reported
each year, according to the WHO (2011). In SoufiicA TB has been the
leading cause of death since 1997 accounting foutab3% of the deaths in
the country according to Statistics South AfricQ@(0@). The emergence of

multi-drug resistant TB (MDR-TB) in recent yearshadded to the control of
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TB (Leung 1999). MDR-TB is strains that are remi$tto one or more of the

primary drugs (Strohét al. 2001).

Acc.V  Spot Magn Det WD Exp
300 kV-30 15549x SE 74 0 jhe

Figure 1.1 Scanning electron micrograph idfycobacterium tuberculosis
bacilli (CDC 2006).

1.4.1 Mode of transmission

Transmission of the bacillus is human-to-human. iEBspread by the
inspiration of aerosol infected with large numbefsthe organism (Leung
1999). MTB can remain viable in the environmeng da the resistance to
desiccation (Stroh¢t al. 2001). Infected aerosol droplets are producednwhe

persons with pulmonary TB cough, sneeze, speakngr A single cough can
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produce about 3000 droplet nuclei that contain tiieercle bacilli (CDC

1994).

1.4.2 Pathogenicity

After the tubercle bacilli have been inhaled, MTRiltiplies slowly in the
terminal alveoli of the lungs and in the lymph nedd the corresponding
drainage areas, this is known as the primary irdediStrohlet al.2001). The
Ghon complex is a lesion that consists of calcifiecls of infection and an
associated lymph node as seen in Figure 1.2. Tien@omplex is the
characteristic appearance associated with prima#gction. The bacilli are
ingested by alveolar macrophages but also by aveepithelial type I
pneumocytes (Smith 2003). If the alveolar macrgehaannot destroy or
inhibit the MTB, the bacilli multiply within its itracellular environment,
causing the host macrophage to burst (Leung 19%9ijthin 2 — 4 weeks,
many of the macrophages die and release the badihen MTB multiplies
within the alveolar macrophages, this causes m@aerophages to migrate to
the area, causing an early tubercle (Stethal. 2001). The released bacilli

form a caseous centre in the middle of the tubercle
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Subpleural granuloma

Ghon complex

Figure 1.2 In the hilus is the Ghon complex, a small yellowrgrloma in a
hilar lymph node next to the bronchus (Klatt n.d.)

A dormant phase may occur after this stage. Imtaprity (90 - 95% in HIV
negative patients) of the cases, the pulmonanorneswill gradually heal
(Leung 1999). The lesion may stop and becometitbend calcify, if not, a
mature tubercle is formed and the caseous cenlaeges and forms a cavity
in which the bacilli multiply. The centre can buesnd spread tother body

systems via lymph to the hilar or mediastinal lympddes and through the
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bloodstream to more distant sites in the body (lgel®99). Other known risk
factors for the development of active TB includaditions that are associated
with defects in T-lymphocyte and/or macrophage fm¢ such as
malnutrition, drug and alcohol abuse, coexistentdioa conditions and

corticosteroid or other immunosuppressive therapy.

MTB has the ability to grow in immunologically actited macrophages and
remain viable by inhibiting the fusion of phagocytiesicles to lysosomes.
MTB produces no endotoxins or exotoxins. MTB siimbes a humoral and
cell-mediated immune response (Strahlal. 2001). Tubercle bacilli are
Immunogenic meaning they enhance immunonologic orespeness non-

specifically.

Miliary (disseminated) TB is a form of tuberculo$igat spreads through the
entire body through blood and lymph vessels (Steahdl. 2001). This can
take place during primary and active infection. naon sites for this
extrapulmonary infection are the meninges, lymptendones, joints, and the
genitourinary tract. Miliary TB occurs in about%?5of TB patients (Bloom

and Murray 1992).
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1.4.3 Clinical signsand symptoms of pulmonary tuberculosis

Commonly, symptoms of infectioof pulmonary tuberculosiinclude chest
pain, coughing up bloocfever, anorexia, fatigey night sweats, and weic
loss that may persist for weeks to moi (Leung 1999).These symptoms a
illustrated in Figure 1.3. Extrapulmonary symptoms depend han dite of

infection.

i‘ \
Coantral = N -
Wwrir IR EAR 1 ) :
- appetiie loss o~
rr
- fatigue
[
Lungs
- chest pain N
- coughing up blood \ =
- productive, x

prolonged cough

Skin \ /
- night sweats, &

- pallor

Figure 1.3 Main symptoms of pulmonary tuberculc (Haggstror 2012).
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1.4.4 Tuberculin reaction test

This is also known as the Mantoux test or Puriff¥dtein Derivative (PPD)
test. The tuberculin skin test is an expressiodetdyed-type hypersensitivity
to protein antigens of the bacterium. Tubercudiraiglycerol extract of the

tubercle bacilli (Strohét al.2001).

The Mantoux test entails the following accordingStohl et al. (2001); a
standard dose of tuberculin units is injected oranally in the forearm and is
read 48 — 72 hours later. The reaction is reathbgsuring the diameter of
palpable raised hardened area across the foreammilimetres. If there is no
induration, the result should be recorded as "0 mA¥i induration of 5 mm
or greater than 5 mm is interpreted as positivihéf person was in contact
with persons infected with TB; persons with abndrclaest X-rays; HIV
infected and other immunosuppressed persons. duration of 10mm or
more is interpreted as positive in the followingoptations: Recent arrivals
(less than 5 years) from high-prevalence countnegsoners, residents of
nursing homes, and other institutions; health caogkers; injection drug
users; mycobacterial laboratory personnel; perseitis clinical conditions

that place them at high risk; children less tharedrs of age, or children and
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adolescents exposed to adults in high-risk categorAn induration of 15 mm
or more is positive in persons with no known rigktbrs for TB. The Tine
test is not quantitative and is useful for popolatscreening (Strohét al.

2001).

1.4.5 Laboratory identification of Mycobacterium tuberculosis

1451 Direct microscopy and staining

This is usually done as a first line screening bseeait is fast and allows for
rapid illumination of infective patients (Mackie, uBuid, Marmion,
McCartney and Swain 1978). The sensitivity is clise proportional to the
number of acid-fast bacilli present. Direct mia@ogy can be performed on
tissue fluid obtained through aspiration of gramedous tissue as a method
of rapid diagnosis. Sensitivity for the detectiof acid-fast bacilli is
significantly lower than with culture techniqued.0 000 organisms per ml
sample is needed to obtain a positive result ardsénsitivity is about 60 -
70% (Blumberg 1995). Variations of this method @ Ziehl-Neelsen (ZN)

stain and the fluorescent microscopy method.
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In the ZN technique, also known as the acid-fasillioba (AFB) stain, the
MTB is stained with carbol fuchsin and then washeath alcohol or acid
(Strohl et al. 2001). MTB, however, retain the carbol fuchsinirstappear
pink, and slightly curved (Stroleit al. 2001). Mycobacteriunspecies contain
large amounts of lipid substances in their celllsyakhich resist staining by
ordinary methods unless the dyes are combined phemol (Strohlet al.
2001). When these organisms are stained withia gs, e.g. carbol fuchsin,
with phenol added, and heat is applied, the stam genetrate the cell wall
and reach the cell cytoplasm. Once the cytoplasnstained, it resists
decolourisation with acid-alcohol, which cannot sdise and penetrate
beneath the cell wall. Under these conditiongahshg, the bacilli are said to
be acid-fast (Strohkt al. 2001). Other bacteria whose cell walls do not
contain high concentrations of lipid are readilgaleurised and are non-acid-
fast. A counterstain (e.g. methylene blue or ntataggreen) is used to show

structures and cells and to form a contrast wighrédd-stained bacilli.

Fluorochrome stain is used in the fluorescent nsicopy method that allows
for easier identification of fluorescent bacilli t(&l et al 2001). The
identification of Mycobacteriumwith auramine dye is possible due to the

affinity of the mycolic acid in the cell walls fahe fluorochromes. The dye



21

will bind to the Mycobacterium which appears as bright yellow, luminous
rods against a dark background. Slides, whicls&@ieed with auramine, may
be restained with ZN stain directly. This helpsifaoning and differentiating
the morphology of the positive or query slides. e Tluorochrome stains are
recommended for specimen examination because ahtneased sensitivity

and speed (Mackiet al.1978).

1.45.2 L owenstein-Jensen method

This method is the traditional method; it consistsan egg-based medium,
and takes about 2 - 6 weeks to culture (Steakdl. 2001). Only 100 — 1000
bacilli per ml of sample need to be present to aetdTB using the
Lowenstein-Jensen (LJ) method (Blumberg 1995). itivesresults indicate
that the MTB is viable, but further growth and it&oation is needed for a
definitive diagnosis (Blumberg 1995). Middlebrodnd Cohn (1958)
described an agar-based medium for more rapid timtedut it still requires

3 — 4 weeks to culture.
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1.45.3 Mycobacterium growth indicator tube culture method

Mycobacterium growth indicator tube (MGIT) is ant@mated method to
detect the production of an indication substandeased from specific
reactions when active growth of acid-fast bacdkes places. The purpose
thus is to detect the viability of the tubercle ibac This method is the most
widely used method of detecting MTB infection (Lgut©99) and will be the
mainstay detection method for MTB in this studyithAugh culture according
to this method extends over 6 weeks before it @aregarded as negative, the
greater majority (probably more than 90%) of pwesitresults are obtained
within 2 weeks (Leung 1999). This method has a shontez df detection

than that of the LJ method (Blumberg 1995).

The BACTEC MGIT 960 instrument is aim vitro diagnostic instrument
designed and optimised for the rapid detectiotMgtobacteriumin clinical
samples other than blood. Specimens are colleptedessed, and inoculated
into Mycobacteriumgrowth indicatortubes. These tubes contain a liquid
broth medium consisting of modified Middlebrook throbase and when

supplemented with MGIT Growth Supplement and amraatobial mixture
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(PANTA), it provides optimum medium for growth (8idi, Libonati, Carter,

Hooper, Baker, Hwangbo and Warfel 1988).

The decontamination recommendation is based om@e@ure using sodium
hydroxide (NaOH) with N-acetyl L-cysteine (Siddigfi al. 1988). NaOH is
bactericidal for contaminating bacteria but is tonach lesser extent harmful
to Mycobacterium N-acetyl L-cysteine has no decontamination prige

NaOH and N-acetyl L-cysteine helps in liquefying gpecimen.

A fluorescent compound is embedded in the siliconethe bottom of the
tubes and is sensitive to the presence of oxygemsollied in the broth.
Initially the large amount of dissolved oxygen qclees emissions from the
compound. Later, actively respiring microorganissoasume the oxygen and
allow the fluorescence to be detected. The tubésred into the system are
continuously incubated at 37°C and monitored farreasing fluorescence
(Siddiqi et al. 1988). Analysis of the fluorescence is used terdane if the
tube contains viable organisms. The intensityhef ftuorochrome is directly
proportional to the extent of oxygen depletion.case of MTB, at the time of

positivity, there is approximately 16 1¢ colony forming units (CFU) per ml
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of medium. A tube is declared negative if it rensanegative for 6 weeks (42

days).

1454 Polymer ase chain reaction method

Polymerase chain reaction (PCR) method is forrtgdhie presence of genetic
material of MTB. This method is extremely usefuit back sensitivity in
some specimens with very low bacterial counts andoit able to determine
whether the bacilli are viable or not. Consequeritlise positive results can
be obtained (Blumberg 1995). The method formsbimgs for differentiating

MTB from otherMycobacteriunspecies (Mackiet al. 1978).

According to a study done by Salian, Rish, Eisen&@ave and Bates (1998),
this method can be used to detect MTB DNA in forméked tissue. With
this method deoxyribonucleic acid (DNA) is extracfeom a sample using an
automated DNA extraction system. A small portidm @redetermined target
region of MTB DNA is amplified to differentiate lve¢en MTB complex and

Mycobacteriunother than TB (MOTT).
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1.4.6 Treatment and prevention of Mycobacterium tuberculosis

Some strains are resistant to drug therapy, buérabw}chemotherapeutic
agents are effective against MTB (Blumberg 199%oniazid rifampicin,
pyrazinamide, ethambutol, and streptomycin aret-fime anti-tuberculosis
drugs (Strohkt al. 2001) and needs to be taken for 2 months. Thrsonetor
this extensive course is that the bacilli are ledantracellular, the caseation
blocks the penetration of the agents, and thelbgoiw slow and can become

metabolic inactive (Stroldt al.2001).

Bacilli calmette-gluerin vaccine (BCG) is availabdsnd mostly given to
tuberculin-negative individuals with a high risk offection (Strohlet al.
2001). Isoniazid is used prophylactically for mduals who are tuberculin

positive but asymptomatic.



26

1.5 GROSSANATOMY OF THE LUNGS

The lungs are found in the thorax within the pulagncavities. The

pulmonary cavities are situated laterally to the&lmstinum and are lined with
parietal pleura, whereas the lungs are covered ibgeral pleura. Each
pulmonary cavity (left and right) is lined by thargetal pleura as well as the
superior surface of the diaphragm and the latendhses of the mediastinum
(Moore, Dalley, and Agur 2009). The potential sphetween the parietal and
the visceral layers is the pleural space contaisgr@us pleural fluid. At the
hilus of the lung (Figure 1.4), on the medial amathe lung where the
bronchus and pulmonary vessels enter and leavkitige the visceral pleura
IS continuous with the parietal pleura. Cadavérimys are shrunken, hard,

and discoloured (Mooret al. 2009).

The parietal pleura consists of the costal, mediaistdiaphragmatic, and the
cervical parts. The costal pleura lines the irdksurface of the thoracic wall.
The mediastinal pleura covers the lateral parthhefmediastinum (Mooret
al. 2009). The diaphragmatic pleura covers the thorgart of the
diaphragm. The cervical pleura (pleural cupolajecs the apices of the lungs

and is the superior continuation if the costal anddiastinal part of the
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parietal pleura (Leonard 1995). The cervical @eis strengthened by an
extension of the endothoracic fascia that attacnethe internal border of the
first rib and transverse process of C7; the suptapl membrane or Sibson’s

fascia (Mooreet al.2009).

The lungs are the organs of respiration, roughlyeeshaped and each has an
apex a base (Figure 1.4), lobes, three surfacestajcomediastinal and
diaphragmatic) and three borders (anterior, inferend posterior). The
anterior, posterior, and lateral surfaces are mtad with the ribs and known
as the costal surface (Figure 1.4). The apexvsread by cervical pleura and
found above the level of the first rib in the radtthe neck. The base lies in
relation to the diaphragm (Mooet al. 2009). The anterior border (Figure
1.4) of the right lung is straight but the antetiarder of the left lung has an
angular indentation known as the cardiac notch K&raMitchell, and Vogl
2005). The lingula is formed in the superior ldtpe this cardiac notch,

presented as a tongue-like projection inferiohwsrotch (Mooret al 2009).
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{© Elsevier Ltd. Drake et al: Gray's Anatomy for Students www.studentconsult.com

Figure 1.4 Medial view of right and left lung (Draket al.2005).

The right lung consists of three lobes divided bg tblique and horizontal
fissure (Figure 1.5) whereas the left lung consisiwo lobes divided by the
oblique fissure (Mooret al 2009). The three lobes of the right lung include
the superior, middle, and inferior lobe. The laftg is divided into a superior

and inferior lobe (Mooret al 2009).
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Figure1.5 Embalmed and plastinated lungs (Personal photogrgaiuthor:
02 June 2011).

Bronchopulmonary segments are a pyramidal shapgohesgs of the lung
covered by visceral pleura, separated by septa faoljacent segments,
supplied by a segmental branch of the pulmonargnarand is named
according to the segmental (tertiary) bronchus sugiplies it. The trachea
bifurcates at the level of"4or 5" thoracic vertebrae into left and right main
bronchi. The main bronchi further divide into loldaronchi and then into
segmental bronchi (Mooret al. 2009). Each segmental bronchus supplies a

specific bronchopulmonary segment. The right luag hO bronchopulmonary
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segments while the left lung has 8 to 10 bronchopulary segments as seen

in Table 1.3.

Table1.3 List of bronchopulmonary segments of the left gt lung

(Mooreet al.2009).

Right lung Left lung
Superior lobe: Superior lobe:
* Apical * Apical '+ Apicoposterior
» Posterior * Posterior
» Anterior » Anterior
e Superior lingular
Middle lobe:  Inferior lingular
« Lateral
* Medial
Inferior lobe: Inferior lobe:

» Apical basal

* Medial basal

* Anterior basal
e Lateral basal

» Posterior basal

» Apical basal

* Medial basal 1 anteromedial
* Anterior basa

» Lateral basal

» Posterior basal

1.5.1 Neurovascular supply

The parietal pleura is supplied by the intercostales and vessels except the

inner portion of the diaphragmatic and mediastolalra which is supplied by

the phrenic nerve and the pericardiophrenic vegbtereet al. 2009).
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The pulmonary artery conveys deoxygenated bloabédungs from the right
ventricle of the heart (Draket al.2005). Each pulmonary artery gives rise to
lobar and segmental arteries and end in pulmonapyllaries around the
alveoli. The pulmonary veins commence in the pulamgncapillaries and

carry the oxygenated blood to the left atrium & tieart.

The bronchial arteries (which supply the lung tegsare branches of the
thoracic aorta (left bronchial artery) or from thgperior posterior intercostal
artery (right bronchial artery). The bronchialng&iare formed at the root of

the lung and drain into the azygos or hemiazygas ([2rakeet al.2005).

The lungs are supplied by the pulmonary nervoususiewhich is found
anterior and posterior to the root of the lung {&rat al. 2005). The
parasympathetic fibers originate from the vagusvagfcranial nerve X):
motor to the smooth muscle of the bronchial treeor{bhoconstrictor),
inhibitory to the pulmonary vessels (vasodilatar)l #ecretory to the glands of
the bronchial tree (secretomotor). The sympatHdters (from from T1 - T4
via the sympathetic trunk) are bronchodilators,ocasstrictors and inhibit

glandular secretion (Dralet al.2005).
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1.5.2 Lymphatic drainage of thelungs

The lymphatic drainage of the lungs consists of sheerficial lymphatic
draining the visceral pleurasubpleural network) and the deep lymphatic
accompanying the bronchi and the pulmonary veesilor onchial network).
These two networks communicate at the pulmonayriénd convey lymph
mainly to the tracheobronchial lymph nodes. Tracheobronchial lymph
nodes are also known as the carinal nodes bechaseotles are associated
with the carina of the trachea found at the biftioraof the trachea (Mooret

al. 2009).

The subpleural network drains (Singh 2009) the erisic pleura and the
superficial lung. The superficial lymphatic vesseburse around the borders,
surfaces and fissures of the lungs and convey lymmdinly to the
bronchopulmonary lymph nodes and then to the t@wloamchial lymph

nodes.

The peribronchial network consist of intrapulmonand bronchopulmonary
nodes. The intrapulmonary nodes are found inuhg tissue at the divisions

of the segmental bronchi and lie in the bifurcatodrthe smaller branches of
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the pulmonary artery. The bronchopulmonary lympbdes are further
divided into two groups, the interlobar nodes foandhe division of the lobar

bronchi, and the hilar nodes found at the lowetipos of the main bronchi.

Lymph flows from the tracheobronchial lymph nodesthe paratracheal
(Figure 1.6) lymph nodes (situated in the supem@diastinum) and to the
bronchomediastinal trunks. There are three grofipacheobronchial nodes:
superior, inferior and anterior. The superior lieabronchial nodes (Figure
1.6) are found in the angle between the trachealanteft and right bronchi.
The inferior tracheobronchial nodes (Figure 1.@ iin the angle of the
bifurcation of the trachea (Singh 2009) and theeiaoit nodes are anterior to

the distal end of the trachea.

The main lymphatic flow from the superior lobe btietleft lung, and the
superior and middle lobes of the right lung (theesior region) is to
bronchopulmonary, superior tracheobronchial anditpacheal lymph nodes;
the inferior lobes of both Ilungs (the inferior mg) drain to
bronchopulmonary, inferior tracheobronchial andnparary ligament lymph
nodes as seen in Figure 1.6. Pulmonary ligamenesdie within the

pulmonary ligament (Topol and Ma&@009).
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INFERIOR REGI'

3
4

Figure 1.6 The diagram of the lymphatic drainage of the sigpend

inferior regions of lungs. 1—bronchopulmonary lymmpodes, 2—superior
tracheobronchial lymph nodes, 3—inferior tracheabloal lymph nodes, 4—
pulmonary ligament lymph nodes, 5—paratracheal lympdes (Topol and
Masta 2009).

The left and right bronchomediastinal trunks areinfb in the superior
mediastinum. Efferent vessels of the tracheobranhclparasternal and
brachiocephalic nodes unite to form the trunks kBret al. 2005). The right
bronchomediastinal trunk may drain into the righmhphatic duct and the left
trunk may drain directly into the thoracic ductheltrunk may also drain into

the deep veins at the root of the neck.
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1.5.3 Surface anatomy of thelungs

The lines of reflection of the parietal pleura mahnke extent of the pleural
cavities and consist of the sternal, costal, aagltiagmatic parts. Posterior
to the superior part of the sternum the sternatslimf pleural reflection
approach each other in the midline. On the righg,ghe line descends in the
midline to the xiphoid process'{@ostal cartilage) where it turns laterally. On
the left side, at the level of thd 4ostal cartilage, the line moves laterally to
the sternum (B costal cartilage) to make space for the heartligamotch) as
seen in Figure 1.7. The costal lines of pleuriection are continuations of
the sternal lines from the™6costal cartilage. The costal line of pleural
reflection crosses the™8rib in the midclavicular line, the fOrib in the

midaxillary line and the 1®rib posteriorly (Mooreet al.2009).

Peripheral areas where the diaphragmatic and tiséalcpleura come in
contact are known as costodiaphragmatic recessegkdbt al. 2005) and the
areas where the costal and the mediastinal pleamee ¢n contact are known

as costomediastinal recesses (Figure 1.7).
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The cervical pleura and apices of the lungs araddi— 4 cm superior to the
medial third of the clavicle in the supraclavicufassa, but do not extend
above the neck of theTib (Drakeet al. 2005). The hilum of the lungs is

found at the level of the®Band 4 costal cartilage (vertebral level T5 — T7).

Superior lobe Superior lobe

Horizontal fissure
Middle lobe

Rib VI
Inferior lobe

Costomediastinal
recess

Inferior lobe

Costodiaphragmatic
recess

Rib Vil
Rib X
Parietal pleura

© Elsavier Ltd. Drake et al: Gray's Anatomy for Students www.studentconsult.com

Figure 1.7 Surface anatomy of the right and left lungs, palipleurae are
indicated by the blue line (Dralet al. 2005).

The oblique fissure begins at the level of the @pmprocess of T2 vertebra
posteriorly and runs anteriorly to the level of 8fecostal cartilage. The right
horizontal fissure begins at the oblique fissur¢hat level of the % rib and

costal cartilage (Mooret al.2009). The lower limit of the lungs are found 2
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costal spaces above the line of pleural reflecéisnllustrated in Figure 1.7,
6™ rib in the midclavicular line, the"8rib in the midaxillary line and the 10

rib posteriorly.

1.5.4 Thelungsand Mycobacterium tuberculosis

MTB occurs in the anterior segments of the lung$,dommonly in the apical
segments of the upper (superior) and lower (infefabes as well as the hilus
region of the lung (Brink and de Kock 1973). MTS8 a strictly aerobic
bacterium and therefore multiplies better in pulamgntissue, in particular at

the apex, where oxygen concentration is higher.
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2. MATERIALSAND METHODS

Closed needle biopsies were performed on 20 caslagenbtain lung tissue
from the apical and hilar areas. With the use gfr@cut biopsy needle a
sample of lung tissue was obtained by insertingrtbedle through the™3

intercostal (hilar sample) and the costoclavicglpace (apical sample). The
first sample was taken before embalming. The secsamdple 3 weeks after
embalming. Tissue was then retrieved and depositeda sterile specimen
container and transported to the pathology laboygf@athcare: Drs Dietrich,
Voigt, Mia, and partners). MTB samples were theste@ using the ZN stain,
Mycobacterium growth indicator tube (MGIT) culturenethod and

identification using PCR techniques. The studykt@bace over a 3-year

period from 2009 to 2011.



21 STUDY DESIGN

The study design was a before-after study.

39
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2.2 STUDY PARTICIPANTS

The human cadavers were accompanied by their deatihficates indicating
the cause of death. Only cadavers whose cergaaticated that the cause
of death was TB were selected to be included irsthedy. Twenty cadavers
were tested during this time for MTB. Two of thedavers were claimed
before the secorshmple could be taken. The first 5 cadavers weed to

perform a pilot study and were included in the si@nsze of the main study.
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23 ETHICAL ASPECTS

The protocol was submitted to the Ethics commit(Eaculty of Health
Sciences) of the UFS for approval before commenoénaé the study
(ECUFS nr. 05/08). Consent was obtained from Dwne® Zyl, Head of the

department of Basic Medical Sciences, in orderotossearch on the cadavers.

The cadavers’ identities were not disclosed buy oeference numbers were
used to distinguish between them. This ensured tthey stayed entirely
anonymous. The results of the test will remainficemtial and only a limited

amount of people handled the samples as well asethdts. If any of the

information or results from this study were to beblshed or used at a
seminar or congress, no specific information reiggrdne cadavers or their
identity will be revealed. The information gather@uring this study is the

property of the department of Basic Medical Science
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24 PILOT STUDY

A pilot study was done on 5 cadavers to deternmhedeasibility of the study.
The 5 cadavers were included in the main studye fethod of the pilot
study did not differ from the main study and thelazers could thus be
included in the main study. The samples were takiem in the main study,
before embalming and 3 weeks after embalming kibird sample was taken
6 months after embalming. Only the first 2 cadavarthe pilot study were
tested after 6 months. Samples were taken jusirdbdhe cadavers were

released to the medical students for dissectiopgaas.

Two different samples were taken from the hilusaas€éthe lung at different

depths and 2 different samples at different depththe apical area. It was
recorded as Hilus 1 and 2 and Apex 1 and 2. Ipilo¢ study the needle was
inserted until soft lung tissue could be felt ie tipex and hilus, this was Hilus
1 and Apex 1. This depth was noted and anothepleamas taken 1 cm

deeper and marked Hilus 2 and Apex 2. The follpveamples (3 weeks after
embalming) were taken from exactly the same looati&@s the initial samples

to prevent inaccurate and not comparable results.
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25 CLOSED NEEDLE BIOPSY

Closed needle biopsies using a pro-cut biopsy eeéligure 2.1) were
performed on the cadavers to obtain lung tissuevo $amples, hilar and
apical samples, were taken from each cadaver dulifgrent stages of the

routine embalming process:

» Thefirst sample was taken before embalming.

» Thesecond sample 3 weeks after embalming to determine whether the

embalming was sufficient to eliminate the MTB.

Figure2.1 Pro-cut biopsy needle (Personal photograph by auifaJune
2011).
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The procedure was performed using standard preceutProtective gloves
and a mask, specifically for the prevention MDR-TBere worn. The
cadaver was placed in a supine position. A praseysy needle was used to
obtain a sample of lung tissue by inserting thedledhrough the third

intercostal and the supraclavicular spaces reyabgti

The hilar sample was obtained by inserting the needle in the timtercostal
space as seen in Figure 2.2. The needle waseadsgrcm lateral from the

body of the sternum.

Figure2.2 Obtaining hilar samples from the 3rd intercostacgp (Personal
photograph by author: 07 June 2011).
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The needle was inserted directly inferiorly, makang§0-degree angle with the
table. Figure 2.3 illustrates the direction of theedle. The needle depth of
each sample was recorded for each cadaver to ecsusestency. The sample
that was taken 3 weeks after embalming was insentdde same puncture

opening used to get the first sample and at exttitysame depth.

The arrow indicates the direction
and depth of the biopsy needle to
obtain sample from the hilar area

Figure 2.3 Cross section of the thoracic cavity at the levehe third costal
cartilage (T5) illustrating the direction and depftthe needle (Author
unknown 2006).
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The apical sample was obtained by inserting a needle through the
supraclavicular space as seen in Figure 2.4. Tilraree of the needle was
superior to the medial third of the clavicle. Tieedle was inserted posterior
to the clavicle and the first rib as illustratedthg arrow in Figure 2.5 through
the superior thoracic inlet. Cadaver lungs areursken and deflated; the
needle was inserted until the soft lung tissue c¢dug felt of the apical
segment of the superior lobe. As with the hilangke, the needle depth and

direction was recorded.

Sternal
ends of
clavicles

—

Figure2.4 Obtaining tissue sample from apex of lung through t
supraclavicular space, view from superior lookinipithe right thoracic inlet
(Personal photograph by author: 07 June 2011).
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The arrow indicates the direction and
depth of the biopsy needle to obtain
sample from the apical area.

Figure2.5 Anterior view of a plastinated specimen of the &xorThe
anterior thoracic wall has been removed and trmnammdicates the direction
and depth of needle to obtain the apical samples@@al photograph by
author: 02 June 2011).

The hilar and apical samples were taken eithehenridft side or on the right
side. When the cadavers arrived at the departmgot, mortis had already

set in, and their necks were usually either to ldfe or right side. The
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supraclavicular space that was exposed was usebt&n the apical as well

as the hilar sample.

Tissue was then retrieved from the instrument aeposited into a sterile
specimen container, with saline as transport mediunifthe specimen

containers were provided by the laboratory (PaticBrs Dietrich, Voigt,

Mia, and partners) with a specific volume of norsaine. The container was
then transported to the pathology laboratory withihours of the specimen
being obtained. The container (Figure 2.6) waslgvelled, and pre-printed
request/information forms (see Appendix A) acconpaithe specimen to the
laboratory. The cadaver’s identity was not disethonly a reference number
was used for identification purposes. Leakage ftbenspecimen containers

was prevented through the usage of parafilm sealant

Figure2.6 Pre-labelled container with saline as transpodiara (Personal
photograph by author: 07 June 2011).



49

26 THEEMBALMING PROCESS

A standardised embalming formula (see Table 1.2isexd at the department
of Basic Medical Sciences at the UFS for the embyanof the cadavers as
discussed previously (Pretorius and Brune 1992)jis formula is injected by
the workshop technicians (embalmers) into the taaligery of the cadaver
under pressure (1 — 1.5 kPa), until the cadaveompletely filled (Pretorius
1995) as seen in Figure 2.7. More or less 30 thefembalming fluid is used
for a 70kg cadaver. The embalming fluid is injeciteto the radial artery, the
blood flows into the veins, and the empty arteaesinjected with Latex 4 - 6

weeks after embalming.

The cadaver is stored in a suitable polyethyleng (fagure 2.8) after the
embalming process. The cadavers are stored inntbguary of the
department of Basic Medical Sciences each on alesai steel body tray and
stored in a body cabinet (Figure 2.8) at room temipee between 16 - 8.
The cadavers are then stored for a minimum of 6thsoantil they are taken

to the dissection hall for dissection purposes.
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Figure 2.7 Workshop technician embalming a cadaver throughraldial
artery (Personal photograph by author: 21 May 2012)

Figure 2.8 Body cabinets in the mortuary where the cadaver&eypt for 6
months (Personal photograph by author: 21 May 2012)
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2.7 DIAGNOSTIC LABORATORY METHODOLGIES

Taken into consideration the sensitivity, spedfici and technical
shortcomings of the methods available (as discussdd4.5), the following
diagnostic laboratory methodologies were used lhdase Laboratory (Drs

Dietrich, Voigt, Mia, and partners), to test thengdes for MTB:

» Ziehl-Neelsen staining anddirect microscopy from aspirates (lungs in
the case of PTB or from granulomatous lesions).

« MGIT culture method.

 Identification usingPCR techniques, if tested positive with the MGIT

culture method.

2.7.1 Standard operating proceduresfor Ziehl-Neelsen stain

A smear from the yellow purulent portion was madeibio-safety cabinet
and allowed to dry. A smear should be 2 cm by 3irersize and neither to
thin or too thick. The slide was then passed thinoa flame 3 - 4 times or by
placing the smear on a hotplate (heat fixation) @mered with concentrated
carbol fuchsin. The smear was allowed to stain5anin while heat was

applied 3 times at 1-minute intervals. The slideswvashed with distilled
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water and then covered with 3% acid alcohol. Téx colour of the smear
will change to yellowish brown. After about 1 mimthe acid, the slide was
washed with distilled water. The film will appedaintly pink after

decolourisation. The slide was then washed withktildid water and
counterstained with methylene blue or malachiteeigréor 15 — 20 s. The

slide was then washed (distilled water), blotted allowed to dry.

The smears were examined with a 100x oil immersbjective and a 10x
eyepiece (1000x total magnification for ZN smear#).series of systematic
sweeps over the length of the smear was made amuiieed. Each field
should be examined thoroughly. A useful field 3eoin which cellular

bronchial elements (leucocytes, mucous fibres draded cells) are observed.
The fields with no such cells should not be inctide the reading. At least
100 fields were examined before reporting the smeegative. After

microscopic examination, the result was reported.

The immersion lens should be cleaned between esdioms of different
clinical specimens to prevent contamination. Ss@ae graded according to

the WHO guidelines (Table 2.1).
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Acid-fast bacilli stain bright red, while the celiad other organisms stain blue

or green according to the counterstain used. Tldéacilli look like fine red

rods, slightly curved and more or less granuldrcah appear isolated, or in

pairs or groups, and stand out clearly againsblhe background. Individual

bacilli may show heavily stained areas, referredago‘beads” and areas of

alternating stain may produce a banded appearaiMygobacteriumother

than tuberculosis (MOTT) appears pleomorphic (chpabf assuming

different shapes). Ranging from long rods to catdorms, with more

uniform distribution of staining properties.

Table 2.1 Reporting results for Ziehl-Neelsen staining accaydo the WHO

guidelines (2006).

Number of acid fast bacillus Fields Report
0 Per 100 fields Negative
1-9 Per 100 fields Scanty (Low Positive)
10-99 Per 100 fields Positive
1-10 Per field Positive
>10 Per field Positive
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2.7.2 Standard operating procedure for Mycobacterium growth indicator

tube culture method

The tissue was homogenized in a tissue grinder avigmall quantity of sterile
saline or water (2 - 4 ml) in a bio-safety cabinéthe specimen was then
decontaminated by using 4% NaOH with N-acetyl Lteyse, mixed by

gentle inversion, placed in a vortex and allowedstand for 15 min. The
specimen was spun at 2500 — 3000g for 20 min wsigrigerated centrifuge,
and the supernatant poured off. Phosphate bubfenlj was added to the
deposit, placed in vortex and spun for 20 min. eAftesuspension of the
sediment with the phosphate buffer, 0.5 ml of tbecentrate was inoculated
into the MGIT 960 tube. Contamination was furtheguced by adding 0.8 ml
PANTA (Polymyxin B, Amphotericin B,Nalidixic Acid, Trimethoprim, and

Azlocillin) prior to the inoculation. Once inocutat, the MGIT tubes were
placed in the instrument within 12 hours of inotiola. Smears (ZN) were
prepared from all processed specimens before iatonlinto the medium (as
described in 2.7.1). The temperature of the ims¢mt was maintained at
37°C; the instrument read all the tubes every ioua maximum period of 6

weeks.
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The MGIT medium was prepared per 1000 ml of putifieater by adding

modified 5.9 gm Middlebrook broth base and 1.25 @& pepton. The
MGIT growth supplement contains: Bovine albuminxtdaese, catalase, oleic
acid and polyoxyethylene stearate (Siddigial. 1988), and was added in a

bio-safety cabinet to avoid contamination of thedmm.

When growth is detected, the instrument will illima@ie the positive light and
an alarm will sound. The relevant positive tubéicated by a red light was
removed and observed visually. Mycobacterial ghowtll appear granular
and not very turbid (clear). In a liquid broth med, MTB will appear

granular. Once a MGIT tube is positive by fluoessme or by visual
observation, a smear can be prepared to help hathentative differentiation

of MTB from other mycobacteria.

2.7.3 Standard operating procedure for Tuberculosis polymerase chain

reaction identification

Two different procedures for the identification rfica liquid culture and a
solid culture were used. A screw top tube (2 misvabelled and a vertical

line was made with a marker on the smooth sidaé®tube, to ensure that the
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technologist knows where the pellet will settleheTtubes were then placed in

an Eppendorf centrifuge, the labelled marked fatintipe front.

For a liquid culture, the MGIT tube was placed mostex and the liquid taken
out by using a pastette (Pasteur pipette). Thma stethe pipette was filled
until just below the bulb and the liquid transferr® the already labelled
screw top tube and centrifuged at 14k rpm for 5.mirhe supernatant was
taken off with a pastette without disturbing thdlgge Water (200 ul) was
added, placed in a vortex to resuspend the pelhet,incubated at 100 for
30 min in a heating block. The specimen was lefcdool for 5 min and
centrifuged at 14k rpm for 5 min. 100 pl was tfan®d into a Magna pure
LC sample cartridge and covered with optical adleesiover. DNA was
extracted from the secondary sample using an awoim@NA extraction
system. The region of interest was amplified uding sequence specific

primers to differentiate between MTB complex and MO

For a solid culture, a sterile plastic disposablepl was used to pick up as
many colonies as possible, and the loop was traesféo an already labelled
screw top tube containing 200 pl of water. Theplews swirled until clean

and incubated at 100 for 30 min in a heating block. Left for 5 min ¢ool
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and centrifuged at 14k rpm for 5 min. 100 ul wassferred into a Magna
pure LC sample cartridge and cover with opticalemile cover. DNA was
extracted from the secondary sample using an awoim@NA extraction

system. Region of interest was amplified usinggbguence specific primers

to differentiate between MTB complex and MOTT.

A copy of the sample form with the results was medd to the TB lab where a
technologist will enter the results on the TB shead then into a computer.
Results were either TB PCR positive, which is MTdnplex positive or TB

PCR negative, which is MOTT positive. All positispecimens were kept for
3 months in the fridge. The standard operatinggulares was supplied by

Pathcare (Drs Dietrich, Voigt, Mia, and partners).
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28 STATYSTICAL ANALYSISOF RESULTS

Microsoft Excel was used to perform the descriptstatistical analysis to
decisive frequencies (number of positive and negafor the tests) and

percentages (percentage of positive and negatitbdaests).
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3. RESULTS

31 PILOT STUDY

From the outcome of the pilot study it is cleartthatween the first (before
embalming) and second (3 weeks after embalmingpEanusing thefirst
line screening technique or the ZN stain, the same percentage of samples
returned a positive and negative result with theepiion of Apex 2 as seen in
Table 3.1. In the first sample, 40% of the Apesanples tested positive with
the first line screening method, while the secoach@e 0% of the samples

tested positive with the first line screening metifdable 3.1).

The pilot study also demonstrates that with thst fslampling round, fof B
growth, 3 of the 4 sampling areas tested positive for TRb{e 3.2).
However, with the second sampling round none ofitkample areas returned
a positive result as seen in Table 3.2. The #resadavers tested in the study,
were also tested 6 months after embalming to erthatebefore the cadavers
are released for dissection purposes, no viable NBBresent. After 6
months, the first line screening and the TB grotested negative for both

these samples.



Table3.1 Percentage of samples with a positive and negaiveesult,
with the first line screening technique in the pgtudy(n=5).

60

1% Sample 2" Sample
(Before embalming) (3 weeks after embalming)
n=5 Negative Positive Negative Positive
Apex 1 80 20 80 20
Apex 2 60 40 100 0
Hilus 1 80 20 80 20
Hilus2 100 0 100 0

Table 3.2 Percentage of samples with a positive and neggtiweth in the

pilot study (=5).

1% Sample 2" Sample
(Before embalming) (3 weeks after embalming)
n=5 Negative Positive Negative Positive
Apex 1 40 60 100 0
Apex 2 60 40 100 0
Hilus1 60 40 100 0
Hilus2 100 0 100 0
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3.2 MAINSTUDY

We conducted the main study and examined all tHeveas with the first line
screening technique and for TB growth. The resufithe pilot study (Table
3.2) indicated that one sample should be taken frothe apex (Apex 1) and
one sample in the hilus (Hilus 1). The Apex 1 &hlds 1 samples of the 5

cadavers of the pilot study were included as cbwoiroeference samples

The results ofhefirst line screening technique are shown in Figure 3.1 and
Figure 3.2. The results from the first samplingrmd (before embalming) are
shown in Figure 3.1 while the second sampling roB8dweeks after
embalming) is shown in Figure 3.2. The first rowsainpling results of the
first line screening showed that 15% of the sampéssed positive for the
presence of TB in the Apex area. In the hilus a8 of the samples
yielded a positive result as seen in Figure 3.le Tinst line screening
technique, both the first and second sampling reugctlded a larger

percentage of TB positive samples in the hilus af¢he lung.
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It is important to note that during the stufamilies of the deceased claim2

cadavers before thgecon sample could be taken.

This is the reasor

n=20 for the firstsample anin=18 in the secondample in Figure 3.1 and

First line screening - 1st Sample

100
80 +

60 1

Per cent

40

20 +

Apex 1

Hilus 1

Samplearea

Figure3.1 Graph depicting the percentagefirst samples with a positiv
and negative TB result, with the first line scregnechniqu (n=20).
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First line screening - 2nd Sample

100
80 +~

60 +

Per cent

40 +

20 +

Apex 1 Hilus 1
Samplearea

Figure3.2 Graph depicting the percentagesecondsamples with a positiv
and negative TB result, with the first line scregnechniqu (n=18).

The first round sampling results of the growth he tmain study showed tr
50% of the samples tested positive for the preseh@® in the Apex are. In
the hilus area40% of the samples yielded a positive result as seé-igure
3.3. With the second samplinround, noneof the samples in both the af
and hilus areas tested positive for TB growth (Feg8.4. When looking a
TB growth, the first samping round yielded a 50% and% positive TE
growth in the apex and hilus areas respectiveslding alargerpercentage of

TB positive samples in the apical area of the Iu
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Growth - 1st Sample

100
80 +
60
40
20 -

Per cent

Apex 1 Hilus 1
Samplearea

Figure 3.3 Graph depicting the percentagefirst samples with a positi
and negative TB result, with Tgrowth (1=20).

Growth - 2nd Sample

100 ~
80
60 +
40 -
20 -

Per cent

Apex 1 Hilus 1
Samplearea

Figure 3.4 Graph depicting the percentagesecondsamples with a positiv
and negative TB result, with TB grov (n=18).
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The results are summarizedTiable 3.3 on the next page. Thirteen of the 20
cadavers (Table 3.3) had a viable strain of MTBolefembalming either in
the apical or hilus area as tested with TB growkburteen of the 20 cadavers
had died of pulmonary TB (PTB), 4 of Miliary TB, df bronchogenic TB
spread and 1 of tuberculous meningitis, accordintheir death certificates.
Table 3.3 also indicates the days between dateathdand embalming. It is
of special interest to mention that cadaver 56tilllhad viable MTB 36 days

after death.
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Table3.3 Cause of death according to death certificatet@cumber of

days the MTB is still viable in the cadavers.

Reference| Causeof death Number of ViableMTB | ViableMTB

(according to days between before 3 weeks after

death certificate) date of death embalming embalming

and embalming | (TB growth) | (TB growth)
22-09 PTB* 25 Yes No
24-09 Miliary TB 29 Yes No
34-09 PTB* 17 No No
38-09 Bronchogenic TB 18 Yes No
40-09 PTB* 22 Yes No
42-09 PTB* 23 Yes No
44-09 Miliary TB 23 Yes No
55-09 PTB* 19 Yes No
56-09 PTB* 29 No No
75-09 PTB* 25 Yes No

78-09 Miliary TB 19 Yes Claimed
80-09 Miliary TB 27 Yes No
10-10 PTB* 11 No Claimed

13-10 PTB* 12 No No
14-10 PTB* 14 Yes No
25-10 PTB* 40 No No
29-10 PTB* 29 Yes No
38-11 TB meningitis 21 No No
53-11 PTB* 10 No No
56-11 PTB* 36 Yes No

*PTB = Pulmonary TB
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Table 3.4 shows the number of male and female eadadgsted for the study.

Samples were taken from 16 male and 4 female ceslaf@om the 16 male

cadavers, 11 samples were taken from the left &m)5 from the right lung.

From the 4 female cadavers, 2 samples were taken tihe left lung and 2

samples from the right lung. The positive and tiggandicate if the sample

tested was TB growth positive or negative thus aiomg viable MTB (Table

3.4) before embalming.

Table3.4 Comparison between the number of right and lefysuaind male

and female cadavers tested.

L eft lung Right lung Total
Total | Positive | Negative | Total | Positive | Negative
Male 11 8 3 5 2 3 16
Female 2 2 0 2 1 1 4
Total 13 10 3 7 3 4 n=20

In Table 3.4 for the male cadavers tested, 10 efsipecimens out of the 16

(62.5%) tested contained viable MTB in either tpecal or hilus area. Three

of the 4 female cadavers tested contained vialbkenst of MTB (75%) in

either the apical or the hilus area. Thirteen damprere taken from the left

lung and 10 of those samples tested positive foBNIA7%). Seven samples
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were taken from the right lung and 3 of those sas\ptsted positive for MTB

(43%).
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4. DISCUSSION

41 PILOT STUDY

Only 2 of the cadavers (in pilot study includednain study) were tested after
6 months. The reason, after six months the cadaasr released to the
medical students for dissection purposes. Theoreagy only 2 cadavers
(22-09 and 24-09 in Table 3.3) were tested is tloaie of the samples tested
contained viable MTB 3 weeks after embalming and tih was not necessary
to test them again after 6 months. The financradlication of the test also
played a role in only testing the 2 cadavers. Zheadavers tested after 6
months tested negative with the ZN stain as welhagrowth was detected
after 6 weeks. This indicates that the medicallextts and embalmers can
handle the cadavers after 6 months of embalmindy withnimum safety

precautions concerning TB.

The results from the pilot showed that three wesdksr embalming none of
the tested cadaver’'s lungs contained viable MTBIthddigh some of the

samples had positive results after 3 weeks witlZtiestaining, these samples



70

contained non-viable MTB as no growth was detecttdr 6 weeks. ZN

staining only tests the presence of MTB and nowtahility.
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42 MAIN STUDY

From the results, it is clear that the embalminudfiis effective in rendering
the bacilli non-infectious because no growth wasecded 3 weeks after
embalming with the MGIT culture method. Before etnting, 40% and 50%
of the apical and hilus samples tested positiva Wie TB growth respectively
and no growth was detected 3 weeks after embalmifige culture method
(MGIT) can differentiate between dead and live liacThis indicates that the

embalming fluid effectively rendered the bacillimuiable.

When using the ZN stain, both the first and secgardpling rounds yielded a
larger percentage of TB positive samples in thaishiarea of the lung.
Although positive samples were observed with the stdin 3 weeks after
embalming, this technique only tests for the presenf acid-fast bacilli, not
the viability of the bacilli. The sensitivity isirdctly proportional to the
number of acid-fast bacilli present (Maclgeal. 1978), and can be a reason

for the higher concentration of bacilli presenthe hilus area.

TB growth in the first sampling round yielded a 5@%d 40% positivity in the

apex and hilus areas respectively, yielding a lapgecentage of TB positive
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samples in the apical area of the lung. This igs that more viable MTB is
found in the apical area of the superior lobe thanthe hilus region.
Experiments conducted with macrophages demonstthtada high oxygen
pressure promote growth of the MTB bacilli (Cardaamad Ruiz-Manzano
2004). Thus the apical area with higher concepotraif oxygen is an optimal
environment for the aerobic MTB bacillus (Martinjr@ and Marshall 1953).
Another reason for the higher concentration of MiiBhe apical area may be

the impaired lymphatic drainage in the apical a@zording to Leung (1999).

Thirteen of the 20 cadavers (Table 3.3) had a eialain of MTB before
embalming either in the apical or hilus area agetesvith TB growth.
Although all 20 cadavers’ death certificates intedathat the cause of death
was PTB, miliary TB or tuberculous meningitis, 7tbé samples still tested
negative for viable MTB as no growth was detectadttee MGIT culture 6
weeks after embalming. A reason for this mightthet they were on TB
treatment before death, which rendered the baali-viable, thus resulting in

the negative results for MTB.

As seen in the results (Table 3.3), 14 of the 2@acars had died of

pulmonary TB (PTB), 4 of miliary TB, 1 of bronchage TB and 1 of
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tuberculous meningitis according to the death ftemtes. Miliary TB, as
discussed in Chapter 1, is the spread of MTB torédst of the body. The
name comes from the pattern that one can see best X-ray, the tubercle
looks like tiny spots on the lung, resembling alehiseed. Miliary TB can
occur after the primary infection or during reaatien of a latent infection in

about 15% of TB patients (Bloom and Murray 1992).

Bronchogenic is defined as originating in the bronthus bronchogenic TB
spread is the spread of TB through the bronchidoBronchial TB is MTB
infection in the tracheobronchial tree. EndobroalchiB may be a result of
the direct implantation of the MTB bacilli in thedmchus, another cause may
be from rupture of caseous material from lymph sode, So, Lam and Mok
1986). Lymphatic spread along the bronchial tre@ lraematogenous spread
is less common (Ipet al. 1986). It clinically resembles bronchogenic

carcinoma.

Tuberculous meningitis is a form of disseminatedali8l the most devastating
type of meningitis according to Haldar, Sharma, @upnd Tyagi (2009). If
left untreated, the case fatality rate is 100%. tulmerculous meningitis, the

bacilli travel in the blood to the meninges whdreyt form small subpial foci,
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called Rich foci (Thwaites, Chau, Mai, DrobniewskcAdam, and Farrar
2000). If these foci rupture, the bacilli are thamed into the subarachnoid

space.

Sixteen male cadavers and 4 female cadavers weladed in the sample.
Eighty percent of the cadavers tested were male,deed of PTB or a TB
related infection. Adult men are diagnosed moterofvith TB, according to
the WHO (2002). Diwan and Thorson (1999) alscestdihat more males than
females are infected with TB. They attribute thisference to immune
response differences between the two genders.erBifte in roles in society

may also influence the risk of exposure to MTB (WBR@?2).

4.2.1 Resistance of Mycobacterium tuberculosis

According to previous studies, after death, MTB camain infectious for
about 8 days in unembalmed lung tissue (Nolte 20@%}o0 eight days at 20
25°C and up to 14 days if stored between 2 Cdin sputum (Collins and
Grange 1999). From the results in this studys tlear that MTB can survive
in dead bodies with significant post-mortem intésvaThe MTB remained

viable for 14 — 36 days before embalming took plasseen in Table 3.3. As
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mentioned previously, after death, the dead baaliestored in the mortuary.
If not claimed, the department of Basic MedicaleBces is notified. These

bodies are kept in a fridge at—-59°C.

MTB has very simple growth requirements, multipigvdy (every 20 hours),

grows optimally in about 38°C (Devi, Shaila, Ramsiknan and Gopinathan
1975), and is able to grow in harsh conditions. BM3 also highly resistant to
extreme temperatures, as it remained viable ford&@gs in cadaver 56-11
(Table 3.3) in cold temperatures ranging betweer -8°C. MTB can be

preserved by freezing on glass beads alG70A study by Giampaglia, de
Brito, Martins, Ueki, Latrilha, de Oliveira, Yamahicand da Silva Telles
(2009) showed that 94% of the strains preserved78fC on glass beads

could be recovered within 30 days.

The high lipid content of the MTB bacilli is resmible for the resistance
against acid and alkali. Thus, the high lipid emitalso makes it more
resistant to disinfection. A previous study by B&attar, Springthorpe, and
Kennedy (1990) indicated that phenol (5%) inacedaMTB, and ethanol

(70%) was only effective against MTB in suspensidocording to Kappel,
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Reinartz, Schmid, Holter, and Azar (1996) the attibrial action of alcohol

is increased when alcohol is added to formalin.

A study done by Fukunaga, Murakami, Gondo, Sugd khihara (2002)
found that treatment with 10% formalin lowered gensitivity of bacilli in
ZN staining. Gerstoet al. (2004) attempted to test the viability of MTB in
formalin fixed lungs. The lungs were removed dgrautopsy and placed in 2
- 3 L of 10% buffered formalin for a minimum of 22eks. Twelve of the 138
cases still had viable MTB; 8 of the 12 viable saseere fixed in formalin
from 20 - 49 days. Gerstat al. (2004) concluded that MTB can survive in

lungs fixed in 10% formalin.

4.2.2 Risk of transmission of Mycobacterium tuber culosis

The transmission of MTB during embalming is duethe inhalation of
infectious aerosols that may escape through thehmoluthe cadaver. This
risk may be reduced by a proper ventilation systanthe mortuary (or
embalming room) or placing a cloth over the cadavaouth (Morgan 2004).
Other measures, such as wearing a mask, can aksd&dre to reduce the risk

of infection. Only high filtration masks are capmlof preventing the
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inhalation of the bacilli in the infectious aerasolUltraviolet germicidal
irradiation (UVGI) can also be used as this higkijective method uses

ultraviolet light to kill or inactivate the MTB ithe air (Riley 1994).

According to Healing, Hoffman and Young (1995), T8 classified as a
medium risk to healthy people and stated that, ‘@imbdalming of people who
have died of tuberculosis is unlikely to be hazasdbecause there is little
aerosol formation but, because air may be expéitad the lungs of a body
when it is lifted, it is recommended that the faufethe corpse is covered
temporarily with a disposable cloth.” From theulesobtained in this study it
iIs clear that MTB can remain viable after death @qr to 36 days and
precautions should be taken during embalming. Higé pressure used to
disperse the embalming fluid through the artese®sponsible for the aerosol

formation expelled through the mouth of the cadaver

This study also fulfilled its initial aim: “To invgtigate if MTB is still viable in

human cadaver lung tissue and especially in gramaflous tissue after
embalming has taken place”. The results clearlyjnatestrated that the
embalming fluid used at the department of Basic ikldsciences renders the

MTB not viable. Has the following objective beerheeved: “The aim was to
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test the efficacy of the embalming fluid used a thepartment of Basic
Medical Sciences (University of the Free State) @hliminating
Mycobacterium tuberculosign human cadaver lung tissue.” The study

concluded that the embalming fluid is very effidi@oncerning eliminating

MTB.
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5. CONCLUSIONS

51 LIMITATIONS

A possible limitation of the studis the sample size that consisted of 20
cadavers. The small sample size was due to fiahmestraints. The
laboratory tests done were very expensive amourttingpe amount of R35
000. The results were consistent and no growth dedscted 3 weeks after
embalming in any of the apical or hilar sampleshaf 20 cadavers tested, the

small sample size may be acceptable for the purpiobes study.

Another limitation could possibly be that 13 sanspleere obtained from the
left lung and only seven samples from the righglus describe in Chapter
2, this was because the accessibility of the safinphe the apex was restricted
if the head was either flexed to the left or to tight side. According to
Leung (1999), the right lung is affected more oftéafurther study might be

necessary to confirm this finding.
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5.2 VALUE OF STUDY

The results indicate that the embalming fluid uaethe department of Basic
Medical Sciences (UFS) is therefore effective indexing the cadaver sterile
and non-infectious as far as MTB is concerned. Thsults clearly
demonstrated no growth was detected 3 weeks aftdralening. The
composition of the ingredients of the embalmingdfineeds no modification

as it renders the bacilli non-infectious.

The results obtained will be used to ensure thatdirrect procedures and
safety precautions are taken by the personnel efdédpartment to prevent
transmission of MTB to the embalmer and the stuglefhe findings will thus
be used to launch a standard operating procedwesiare that the embalmer
will be at a minimum risk of contracting MTB from @adaver during the

embalming process.

The results also indicate that minimum safety pwgoas need to be taken by
embalmers and students 3 weeks after embalmingr @asfMTB is concerned.

The six-month period, which is currently the timetween embalmment and
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dissection by students, also do not need to begathras none of the cadavers

had viable MTB bacilli after 3 weeks.
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5.3 FURTHER RECOMMENDATIONS

These findings however, did not test for the viapibf other organisms such
as HIV after embalming has taken place on the aadaslthough the results
obtained indicate that the embalming fluid is arfe@fve bactericide
concerning MTB, the question arises whether itnseffective virucide. A
further study could therefore be conducted to ihgete the efficacy of

embalming fluid as a virucide.
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6. SUMMARY

THE EFFECT OF THE EMBALMING FLUID, USED BY THE
DEPARTMENT OF BASIC MEDICAL SCIENCES (UFS), ON THE
VIABILITY OF MYCOBACTERIUM TB INHUMAN CADAVER LUNG

TISSUE.

Embalming fluid contains substances such as formaltihanol, phenol, and
other solvents to prevent decomposition temporariijiese agents disinfect,
preserve, and/or sanitize. The risk of contractimgdisease such as
tuberculosis (TB) among persons, who are in closetact with recently

deceased people, is high and the risk varies acgptd occupation. Workers
at Anatomy Departments and embalmers are someosé theople who are at

a greater risk of contracting tuberculosis carbgaadavers.

The question thus arises whether the penetratiofowhalin and other
embalming agents into the tissue infected vivtiicobacterium tuberculosis
(MTB) is sufficient to render the bacilli non-intemus. The aim is to test the

efficacy of the embalming fluid used at the deparimof Basic Medical
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Sciences (UFS) on eliminatindycobacterium tuberculosia human cadaver

lung tissue.

The cadavers were accompanied by their death icateé indicating the
cause of death. Only cadavers whose death cetéfiodicated that the cause
of death was TB, was selected to be included instihdy. Closed needle
biopsies were performed on 20 cadavers to obtag tissue from the apical
and hilar areas. With the use of a pro-cut biopsgdle, a sample of lung
tissue was obtained by inserting the needle thrabgh3® intercostal (hilar
sample) and the supraclavicular space (apical ®8mglhe first sample was
taken before embalming. The second sampl@ weeks after embalming.
Tissue was then retrieved and deposited into destgrecimen container, with
saline as transport medium, and transported tocBReghlLaboratory (Drs
Dietrich, Voigt, Mia, and partners) in Bloemfonteiithe following diagnostic
tools were used by Pathcare: dirggtroscopy from aspirates (lungs in the
case of Pulmonary TB or from granulomatous lesiod{IT culture,

identification using PCR techniques, if positive.

Before embalming 50% of the apical samples testestipe for MTB and 3

weeks after embalming none tested positive for MTBefore embalming
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40% of the samples taken from the area close tdilbe (perihilar), tested
positive for MTB, 3 weeks after embalming noneddspositive. The results
show that 3 weeks after embalming none of the ddsit®y samples contained
viable MTB. Thirteen of the 20 cadavers tested lthde a viable strain of
MTB before embalming occurred. It is of specidenest to mention that one
cadaver still had viable MTB 36 days after deathccording to previous
studies, after death, MTB can remain infectious &out 8 days In
unembalmed lung tissue and up to 14 days if stbegdieen 2 - . From
this result, it is clear that MTB can survive inadebodies with significant

post-mortem intervals.

It is evident from the results that the embalmihgdfused at the department
of Basic Medical Sciences (UFS) renders the bawdh-infectious, because

no growth was indicated 3 weeks after embalming

Keywords. Embalming fluid, viability,Mycobacterium tuberculosisadaver,

tuberculosis, UFS, formalin, lungs.
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OPSOMMING

DIE EFFEK VAN DIE BALSEMVLOEISTOF, GEBRUIK DEUR DIE
DEPARTEMENT VAN BASIESE MEDIESE WETENSKAPPE (UV),
OP DIE LEWENSVATBAARHEID VAN MYCOBACTERIUM TB IN

MENSLIKE KADAWER LONGWEEFSEL.

Die balsemvloeistof bevat stowwe soos formaliemnet, fenol en ander
oplosmiddels om ontbinding tydelik te voorkom. Hie agente ontsmet,
bewaar en/of reinig. Die risiko van die opdoen trasiekte soos tuberkulose
(TB) is hoér onder persone wat in noue kontak ilet Is en die risiko wissel
ook volgens beroep. Werkers by Anatomie Departéenesnvan die persone

wat 'n groter risiko beloop om tuberkulose vanafdwers te kry.

Die vraag ontstaan dus of die penetrasie van foeman ander balseming
agente in weefsel wat médycobacterium tuberculosiSWTB) besmet is,
voldoende is om die basille nie-aansteeklik te madke doel is om die
doeltreffendheid van die balsemvloeistof wat gdbruvord by die
Departement van Basiese Mediese Wetenskappe (UY)beteekking tot

Mycobacterium tuberculosts toets.
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Die kadawers is vergesel deur hulle doodsertifikede die oorsaak van dood
aangedui het. Slegs kadawers wie se doodsertifikaagedui het dat die
oorsaak van dood TB was, is gekies om ingesluitvéed in die studie.
Geslote naald biopsies is uitgevoer op 20 kadamwersongweefsel te verkry
van die apikale en hilus areas. Met die behulp'mdpro-cut” biopsie naald
is longweefsel deur die 3de interkostale (hilusdensupraklavikulére spasie
(apikale) verkry. Die eerste monster is geneenr batseming. Die tweede
monster is geneem 3 weke na die balsem proses.séagfonttrek en in 'n
steriele monster houer gedeponeer, met soutoptpssirnvervoer middel, en
vervoer na Pathcare laboratorium (Drs Dietrich,g¥oMia, en vennote) in
Bloemfontein. Die volgende diagnostiese instruraerg gebruik deur
Pathcare: direkte mikroskopie aspirates (longeengéval van pulmonére TB
of van granulomateuse letsels), MGIT kultuur metadentifiseer met PKR

tegnieke, indien die uitslag positief is.

Voor balseming het 50% van die apikale monstergipbgetoets vir MTB en
3 weke na die balseming het geen monster posiifegs vir MTB met die
MGIT kultuur metode nie. Voor balseming het 40% \die monsters wat
geneem is uit die area naby die hilus, positiebgtst vir MTB en 3 weke na

die balseming het geen positief getoets. Die ta®ultoon dat 3 weke na
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balseming geeneen van die long monsters lewensealb&B bevat het nie.

Dertien van die 20 kadawers wat getoets is, hédwensvatbare stam van
MTB bevat voor balseming. Dit is van besonderaibglom te noem dat een
kadawer nog lewensvatbare MTB 36 dae na dood geéiadVolgens vorige

studies, na dood, kan MTB aansteeklik bly vir oreg\8 dae in longweefsel
wat nie gebalsem is en tot 14 dae indien gest@setu?2 - 4°C. Vanuit hierdie
resultate is dit duidelik dat MTB kan oorleef irkéy met beduidende post-

mortem-intervalle.

Dit is duidelik uit die resultate dat die balsenaikiof wat gebruik word by
die Departement van Basiese Mediese Wetenskappe) @i basille
onaansteeklik maak, as gevolg van die feit dat daan groei 3 weke na

balseming is nie.
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