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E South Afnean gold ‘mmers work u!ider stressful eondxtlons angd. hve m communal hostels. R

Resp:ratory mrfeotxons are con-nnon in these workers and several cases of Legionnaires'

_ 'D:sease have prev;ously been dzagnosed in workers at a gold mme on the East Rand The" ;l; o

' 'prevalence of annbodxes and the rate of seroconversnon w:thm a penod of six months, to.

e pneumomae and L pneumo;:h!a, both common ceuses of atypwal pneumoma, was

. studied in relation to several risk ._fac_tors. including age, smoking hab:ts, _prevxous_'_ N

" untiergroun'd 'ekperienoe 'snd' past exposure to dust and humidity in the environment.' o

- Factory workers from a ‘rural ares in Natal and hes'pitalised paﬁents- with 'o'ornrnunity :

acquired pneumoma Were teste;l for companson. ’Water samples Were collected from several _

o : :'areas at the zmne, mcludmg both surface and underground samples. _

B 'Annbodxes to C. pnazrmomae were present in 66% of 1he mine workers, compared to 50%

- of pneumoma pahents and 22% of faotory workers, a statxst:cally sigmfxcant d.fferenoe "

| {P<0, 001) Seroconverslon was demonstrated in 1'?% of the mme workers WItth a pezmd'_ a

of sin months workmg underground, a.nd in 22% of pneumonia pat:ents, wnh convalescent_'
stage gera taken 1-6 weeks dfter onset of symptoms Nong. of the risk factors studzed

_'_1nfluenced the prevalence of G pneumomae ant:bodles in the mine workers, but a'_.

| sagnifleant aﬁomanon between the presence of resplratory symptoms in the six nlonth o

 period and seroeonverslon was demonstrated (P%O 025)

Usmg heat kllled antlgens. antlbodles to L pneumop}:da serogroups 1 -4 were demonstrated _

in 36%. of the mine workers, in 16% of the pneumonia pat1ents and in 10% of factory -

_ workers (P~:0 001) Seroconversnon oconrred m 18% of mine workers and in 14% of
' . pneumonia patlents. An assoclatlon could not be demonstrated between any of the r'sk '
factors stu:hed and the preVaIence of anhbod:es or- the rate of seroconversmn to L. :

pneumophﬂa m the. mme ‘workers,

No legionellae were cultured from the water samples, and the presence of these organsims

in chlorinated water from both surface and underground samples could not be confirmed.
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CHAPTER ONE

Yo 7 INTRODUCTION

© Ll THE GENUS CHLAMYDIA . -

.The order Chiaﬁ}yd'i ales cohsisté of one family, 'Chlamydia(':ea one genus, (..hlamydla. and _

: -three specaes' C psutac:. C. rracbomans and the more recently discovered C pneumoniae, .

Chlamydlae are dlfferentxated from other bacteria by their morphology. by a common _

group antxgen and by the. umque developmemal oycle Wthh mvolves two morphoioglr"' '
| forms ~ one adapted to ex'racellular surv:val and the other to mtracellular muluphcatlon' }
" within cytoplasmic vesicles co:nmonly termed mclus;ons (Nichols et al 1980).. (’..hlamyd:ae

' were long thought to be- viruses due to the:r srnall size and the fact that they can only o

mult:ply w:thm suscepnble cells They have. however, many charactensncs in.vommon o

with ot_her bacteria, They_.com__am both RNA and D_NA_. alth_ough th_en' DNA is 1_101:

surrounded. by a nuclear envélope. Their cell envelope resembles that of other gram

negatxve bactena, cons:snng of both outer and inner. membranes. The membranes do not -

contam muram:c acid, and peptldoglycan has not - been detected (Volk et al 1986)'
Chlamydiae cont_am_ nbo_somes similar to those of other bacteria and are suscepn.ble to
 antibictics, The réason why the organisms can only grow intfooéliuiar'ly is not certain, but
they depend on their host ¢ells for a supply of energy-rich compounds, of which ATPis
the most imp'o.r'ta_nt (Volk et al 1986). |

Chlamydiae are visible by light microscopy. The genome is about one third the size of that
of E. coli, The species have been known by a variety of names in the past, Miyagawanella
and Bedsonia being two of the more commonly used ones (Schachter 1978), The three

species are differentiated by their inclusion morj:hology. the presence of glycogen in their



oo

mclusmns and the:r usceph b:hty 1o sulfanamldes (Campbell et al 1987) Chlamyd:ae share o

' certam rRNA sequences and the umque developmental cyc]e, hut they share only 10% DNA,- .

""homo}ogy and ‘can therefore easﬂy be dlstmgmshed by DNA restrlcnon endonuc.ease-' ;

- ‘gnalybis {Camphell et al 1987). The charactemtics of the three Chlamycha species are_"

._'_preseuted in Table L1, C. trachomans has been divided: into 15 ‘straing. known to cause_"_' . :

- human ;nf ect:on The speczes is sens: tave to su]fonamdes, contams glycogen initsinclusion

et -.,..,

- bodies, and ca‘q be. stalned with lodme. “The main mfectmns caused by C. tmcbomat.tsare.'

- trachoma, mcluéﬁon cdnjunctiwns of the newborn, mfant pneumOmtts and seve1al gemtal-

o  tract infections %\f ‘which nongonoeoccal urethrms (NGU), chlamydtal ep:didymlhs and o

'lymphogranulomg vanereurn (LGV) are the most common (Abrams 1968 Bu‘kelund 1992, S

Griffin et al 1990, \phmond and Sparlmg 1976 Sehachter 1978). C. psrrtacz 1s common m'

most bird ‘and amma] Spemes and caiises ps:ttacoms (ormthos:s), a resp;ratory dlsease, in

. humans. Psmaccms is usually a mild disease, but severe or even fatal cases have been_" o

| 'reported C’ ps: ttacr is resistant to sulfnnamldes and it' s inclusiotis contam ne glycogen, thus_ B
B they W’“l.ll not stam with iodine (Stephens et al 1982) The exact number of strams is still _
3 '_ unknown (G1ayston et al 1992) | '

T :
| C. pneumomae was descnhed fur the fn'st 'tu'ne in 1986 by Grayston and coworkers'-

_ (Grayston et al 1986). Tt was ori gmal}y thou ght 1o be a strmn of C. ps:ttac:, until 1989 when_. -

R it was formally enabl;shed as a third specles on ‘the bas:s of dlfferences in 1mmunologacal |
charactensucs, DNA structure and morphology (Grayston et al 1989) It's mcfumons contain -
.' no glycogen and do not stam with mdme No ammal or av:an host (other than man) has

: _been found for the orgamsm angd it causes. several upper and lower resp:ratury tract

'*"infect:ons rangmg from n‘n]d to seVere (La et al 1989) The sPecies conmsts of at Ieast two _ o

Strains of wh:ch the most 1mportant is ﬂalled TWAR, f;r-om the laboratory designation of the _.
_ fn‘st two isolates namely TW~ 183 (from 'TAIWAN‘) and AR- -39 {from ' acute resplratory').
- (Marne 1993). The other { 1s called FML- 10 (Beréal et al 1991). Black et al (1991) analysed - '
- four C pneumoniae strains, CWL- -011, CWL-029, CWL- -050 and CM-1, that were found
to be anugemcally different fl_orn TW-183 and FML_*-.lO.- ‘Another stram, called IOL 207,
was i'sdlaté_d for the first _t_irﬁ.e in 1985 from the cOnju_ﬂcﬁvﬁ. of a trachqﬁia patient and was
shown to be distinct from C. wrachomatis and C. psittaci, but similar to TW-183 (Saikku et
al 1985) Antibody to 1he IOL 207 stram was also frequently found in blood donors m' |
' London and in schoot children over the age of 5 years in Englancl (Kuo et al 1986)
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- TW-183 was first iso:ated from a conjinctival swal from a Taiwannese child taking part

ina trachorna vaocme tr:a] in Octolbier 1965 AR 39 was the first strain to be :solated from Lo

a pharyngeal swab from a student with acute respxratory disease 1n Seattle. Washmgton, in
1983 (Grayston et al'1989)."C. pneumomae has however been found to have heen assoe:ated :

_ wath res;nratory disease long before 1983; retrogpective stuches on sera collected be‘t\ween _

o 1963 and 19?5 in Seattle showed antxbodles to the organism, as well as changes in antxﬁlody

e titres, suggesung mfect:ons and re- mfeetsons durmg this penod (Foy et al 1979) Several "

outbr'ea},s of respiratory drsease. retrospectively shown to have been caused »y- C _

_ B pneumonme, occurred between 1977 and 1985 in leand Norwey anﬂ Denmark (F1yden- |
et al 1989, Grayston et al 1989, Kleemola et al 1988, Mordhorst et al 1986, Salkku et al _. '
- 1985), Dunng the 197('s exrenswe studles showed that there was 1o assoe:atxon between C.

C pneumonize ano eye mfectlons.

‘LL1 - MORPHOLOGY

Trhe .genos. Chlaxﬁydia' has . been divided into _t\iro :'_eobg%oups.'on the '_BaSi_s. of the '

_ moi.-phologi cal appearance of their in clusion bodies, the pi-‘ese'nc'e or absence of glyeogen in

. the mclumons, their sensmvny 10 solfonamlcies and the extent of DNA homology between -

: related strains (Jones et al 1974). Orgamsvns in subgroup A form compact melus:on bodxes '
- contammg glycogen and are generally susceptlble to sulfonamldes . trachomans strams _' |
: eausnng trachoma, paratrachoma and, lymphogranuloma venereum therefare belong to. th:s'_- '

subgrou P Orgamsms in subgroup B are resistant to sulfonamides and have dif fuse melus: on

- badies that do not contam glycogen. Near}y all ohlamydlae of awan or animal ongm arein -

th:s subgroup, mcludmg C. psirtaci, Although not documented, o pneumomae would
therefore also be in subgroup B, ' ' o

The outer memhrane of chlamydiae plays a major i-ole in 'th'ei'r interaction with their
sur’ roundings. It does not contain pept:doglyoan, but other classes of molecules that make
up the cell envelope are generally the same as in other gram negatwe bacteria. These
moleeules include phospholipid, lipid, proter_n and hpopolysacchande[gl_yeol_:pld-. It § is not "
certain veheth_ef the outer mem brone of Chlamydiae also contains a protein analogous to the

'Braun' lipoprotein- found - in other gram negative bacteria or whether it contains



_ flawprotem con jugﬂ[es (Allen 1986) Chlamydlae oan syntheszze thelr ovm protems, 11prds. o

Ly a'nd macromolecules but have no mechamsm for producnon or trappmg of « energy

" The murphology of Chlamydiae vaty during their developmental cycle, which alternates -

Betweeh two forms: the eiementéry body "(EB)“and the reticulate bcdy '(R‘B} Bot'rh'- these )

: .forms can be stamed w:th Gwmsa. Maohlavello. Castaneda and meenez stams (Schachter _.

‘1LLL1  ELEMENTARY BODIES (EBs) -

Elementary bodies of Chlamydiae are specialised for survival when reléaséd from the'h'ost' '
_ ceI] ‘and can mduce phagocytoms when attached to a host cell’ membrane and contam outer -

* and innermem branes detectable by electron rnmroscop)h The outer membrane is r: g:d, does

: not o,ontam a pepndoglycan layer w;th murannc acu:f but pen:c:llm bmdmg protems are L

o présent. EBs are resistant to sonie treatment and trypsm and are relatwely 1mpem1eab1e to. ..

macromolecules‘ The ngsdaty of the EB depevds on disulfide cross- Imksng of MOMP -

| -.molecules with each other and wuh other cysteme-nch protems that appear late m the o

o growth eycle when the EBs are formed (Sx.hachter 1990)

. The struo!ure and morphology of the EBs of the three Chlamydla specles are d:fferent. -
Wh:le the EBs of C. psittaci and C. tracbomaus are round and dense w:th narrow, nearly'

o invisible- perzplasmxc spaces, those of C. pneéumoniae are pleomorphlc. but typically pear-

_ shaped with large per:plasmzc spaces (Grayston et al 1989, Grayston et al 1990) in which -
small, round, electron dense bod:es can be seen by electron mzcroscoPy (Chi et a] 1987)

' Explanat:ons for the pear shaped struoture and - the large penplasnnc space of C

pneumoniae are speculative, It may be caused by a disturbance in the-regulauon of -o.ute__r o

metibrane synthesis or by degradation, so that excess outer membrane continues to be made
or is not cleaved off when the cyto plasmic mass shrinks-:-doring RB~to-EB transformation -
' (Chl et al 1987, Another possibility is that the'”oute:r'_mem_br&ne. of C. pneomonfoo is m_ore. '
. rigid thén. that of the other c'hl'amydiae a’n'd. that this rigidity _may prevent the loem.orano_

from collapsing on the shrinking cytoplasmic mass and may suggest a difference in the |
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'._'chemzcal strucrure of the ourer membrane -hetween C pneumonfae and the ot 1Er'_.'-"'

. :-chlamyd:ae " e S o L L

L -The EBs of q peeumomae possess polamy and the Ioose outer membrane appears to assmr’_‘

- inthe attachment and anchormg,proeess. The pomted end may serve as the prrmary site. of o _'\_

o attachmenu or the- EB may actwely seek targets by d:rectmg the up end J«ward the host
- ells (Kno et al 11988} The EBs may attach e-ther to the smuoth surraee of the host ce!l or -
' :_as is more often the case, to the micm\rllll, The outér membrane of the EB is tIIen' B
. \ o

_ "rearranged to form several protrudlng structures. umq‘,.ae to C. pneumonfae. Graystsm, Wﬂng -

"'and coworkers (1989) descnbed thege ste-n-lrke structures (peduncles) b‘y whlch tha.

B _attach to:the cytoplasmxc mass of host cel!s in more detall It is not c]ear if these structnres . _
o . have any effect on mfectmty During attachment, the outer membrane reshapes, suggestmg B
R _ that it is more flmd than that of the other chlamyd:ae. After attachmg ro the mmt‘qvnlh, the.
_ EBis transported toward t.he base where it enters the host cell by mvagmatmn ’[‘he process -
is comp}ered when rhe Host cell ccunplerelyr enc:rcles the EB In his: Iatest arﬁcle Marrre
i (1993) however srared that addmonal srud1es in two d;fferent cell isnes shewed no umque :
. morphologcal features in C. pneumomae and- that it undergoes th:e same develepmﬂntal_ '

o -_cycle as G rracbomans. A T L

1.LL2 . RETICULATE BODIES (RBs)

 Reticulate bodies (also termed initial bodies) are adapted for intracellylar multiplication.

~ The cell wall is fragile, highly permeable and contains no Hemagglutinin "or.subunit

- envelope, is sensitive to sonication and can be lyse_d'-_by trypsin (Shachter 1990). -The_ RBs.
of all three Chlamydia species are round and undergo the same intracellular deyelopment
'.'-cycle (Chi- et al 1987, Graysrtm et al 1989) Unhke rhe EBs, the outhne of the cytoplasm is

in con® ornmy with the outer membrane. _

Yy e



%12 DEVELOPMENTALCYCLE -~ - - .. = 1}

IR\ dhlamydrae show an affzruty for the epnhelial celis of rnucous membranes. Auachment of f_ S
R hlamyd;ae to epnhelaal cells appears to mvolve a heat lahxle surface component 6n the_.'r'\.\ -
. - \‘ .. organtsm, and a trypsm sensmve receptor on the *host cell, but the uptake of chlamytﬁae--
| by macrophages or granulooytés 0 does not seem 10 depend on. sPeclfac attaehment

mechamsms. EIectrd 1-m:crograph:c studxes Suggest that entry mto host oekls rnay take place\: L

via c!arhrm—\ooated pj.*s by a meehamsm s:mllm* to receptor medaated endocytosls. '_

) The developmental cycle of chlamyd:ae is as follows. EBs are taken up into the host. ceﬂ by k

,','-phagocytosls. A m:croeolony develops wn;l‘hn the phagosome, mln nmng phagolysosomal o
.funct:ons and: the rest. of the: hfe oycle takes place w1thm the phagosome where host celI'_ e
. ATP is used by the EB, and ADPis released. The cell envelope of the ER now becomes less R

,.'_'rrgrd,. the. suhumt layer is dxsrupteﬂ and d:sappears, the celt’ envelopo becomes ‘Thighly: N
- permeab]e fo macromolecules and the EBs chan ge rnto RBs with internal strands of nuclem_' -
S acxd and nbosonﬂes. The RBS are are non- tnfectwe and stﬁrt dwxdmg by bmary fissxon at:. -
e about 10 15 hours after mfeotmn “After 20- 48 hours some of the RBs redrganize into small .
. dense EBs agam. Durmg thrs stage the oytop]asmxc contents of the RBs condense nnd'_'f_ L
: decrease urml Lhey are typlcal EBg agam It is: not certam what triggers: the reorgamsanon S
| of the RBs back into EBs, bu; th;s -educnon in- s:ze 1s accompamed by ]oss of large amourits - '_ '
_ -of RNA from the RBs. Most of the RBs will however continue to multlply unul the host . _
| _ cell bursts and the EBs are released by a meohamsm whrch is not. yet fuliy understooa . -
(Schacht“r 1990}, thus complenng the deve]opmental cycle. Studles have shown- that the_ o
mechamsm whereby C pneumomae binds to oells is d:fferent from that seen in the other S
L ch}am_yd__uae_. Kuo and coworkers (1988} suggested -that_ initial c_ontact with cells is n_st_xa.lly .
. made by the ﬁo‘inte& end of the orgnnie:n Th-e- points of attachrnent are the £ ps of the cell
- wall protrusfons although mfrequently, a stretch of EB outer membrane is seen next to the

host cell p]asrna membrane The Chlamydaal EBs have a. d:ameter small enough to be .

mhaled mto the alveolar sae where they encounter the alveolar macrophage, the ma,;or :

mmune response r.egu]anng cell of the lung. which synthosrzes and seoretes varlous.

chem:cal mediators dlrectmg 'the 1nf1ammatory response 0. the chlamyd:al antngens. x



113 CHEMICAL COMPOSITION -

o Chlemydiee ere-chemicaii'y e'c-mp]ek The tibosomss of RBs appear to be similar ta those

of other hactena anﬁ the cell walls of Ebs resemble those of gram negatwe, but not gram_

 positiva bactena The amino acld content of chlamydlal EBs is mrmlaf to that of E. colf. Of -

_ _'the comrnon ammf‘ ~cids, only argunne and histidine are not pmsent in thelr cell walls. The__ o

. dry wei ght of bo*_';"__mtact celIs and cell walls is apprommately 35% protem, wnh a hp:d '

o2 7% and ‘the DNA content from 3- 4% The DNA has a guamne plus cytosme ratio of.
apprommately 45% for C. trachomatis, 41% for C ps:ttacz and 40% for C. pneumomae :

Unhke the other chlamydme. C. pneumamae contams no plasmud DNA (C]:u et al 1987. .

| Grayston et al 1989) It shares 510% homOIOgy ‘with the other chlamydnae, buit .

S . -apprommately 94% w:1h~ other strams of C. pneumomae (Campbell et al 1987, Grayston Bt

al 1989, Marr1e etal 198?) Chlamyd:ae have 1o mechamsm for the product:on or. trappmg _
of energy, therefore th ey ha‘ve to parasmze their host cells for metabohc energy (Schachter' '

- 1990). They can only metabohze 2 few mtermedlates of the tr:carboxyhc aezd cycle and )

: glucose, through a pomon of “the pentose oyc]e, ‘to pyruv:c acid, Cytoehromes andf o

flavoprotems are absent and the orgamsm therefore appears to grow anaerobxcally. Although

o 'chlamydxae are unable to synthesxze their own ATP they possess an ADP/ ATP translocator

that functions as a kind of reverse mnnchondnon takmg in host cell ATP and releasmg
'ADP Chlamydsae therefore need well- nounshed ‘cells to be able to mult:ply It has been

_ suggesﬁed that chlamydlae possess bacterxophages
1.1.4 ANTIGENIC COMPOSITION

Chlamydiae do not share antigens wnh any other organisms, but the antrgemc composrtmn
of all three Chiamydia species is similar, They contain group-" species- and type- speclfxc
ant: gens that dre exposed throu ghout the developmental eycle of the organxsm (A}len 1986
| Reeves et al 1962, Stephens et gl 1982) The physrochemlcal character of the antagens are
not clear, St_ephens etal {1982) deve_loped manoclonal anti bodies roa_c_tmg wnh _ep:topes that ._ ':

- occur in different strains of chlamydiae, The amount of antiges however increases about



six heurs befcre the crgamsm becomes mfectwe, Wthh exPIams why antlhcdles 10 EBs will’ '

" also react with RBs (Stephens et al 1982) Chlamydlal antlgens may be elther Heat- Stable or' S

‘heat- 1ablle (Marr:e 1993) and are lmporlan‘t in mfect1v1ty. mh1bmen of lysoscmal fes:on_-._ :

~and. the 1mmunopathogene31s of d:sease (Stephens et al 1982) Anugemc actmty can be'-:_ )
B extracted from the EBs w:th the use ef ethyl ether,. sudmm deoxychotate ar sed.um laurel o
o squhate (Allen 1 1986). - | |

L.L4l . - GRQUP:-SPECIFIC ANTIGENS

i _‘I‘he group"specxfxc antigen, shared by all the members ef the genius (Schachter 1978 _

: .Stephens etal 1982)iss l1p0protem carbohydrate complex contammg a penodate-sensmve _ S

- acld poiysaceha.rrde as the ant:genic deterrnmant, slmllar to the propolysacchanﬂe (LPS) -
of Gram—negatwe bactena such as A, cafcoacemcus (Brede et sl 198?) and Re mutants of
S typh;munum (Nurmmen et al 1983, Schachter 1990) T l*us ac1d1c, hlgh me;ecular we:ght'

| pelyaaccharlde is msoluble in water, drffuses read:ly in agarose and is resPons:bIe for f:xmg .

.complement It can be: extracted with sodmm laurel sulphate or by alkalme sapomflcahon L

o of the lipid fract:cn. The group- speczflc antigen is heat-labile although heat-stable forms :

| 'have heen desmonstrated (Schaehter 1990}, is pronase-remstant (Stephens et &l 1982) and canl
- be detected throughout the grewth cycle by direct and md:rect complement fixation,
'agglu'unauon, hemagglutmatwn mhlbltlon IaleIBOIOPB preci pltetmn (RIP) and mtraderma}__
. tests (Jones et al 19?4 Reeve et a] 1962 Ress MR et al 1962) |

'The l1p0polysacehar1de (LPS) molecule consists of three different domams, the hp:d A
demam, the core polysaccharide and the O- polysacchan de (Nurmmen et al 1983). The hpxd.
" A domain is responsible for endotoxic acthty and is embedded in-the outer membrane of
the crgamsm. It is composed of disaccharide glycoamine, conteimng 6 fatty ac1d residues
hke : that found _1n S _typh;murmm (B:rkelund 1992, - Salkku et al 1992). The core
E olysaccharide‘ consists of a 2-keto-3 'deexyectaneic acid (KDO) .eont.aining an in"ncrmc'st
region, g heptose regmn and a hexose region (Brade et al 1987, Nurminen et al 1983) Iti zs_ -

* linked to the C-6 of glycoamme and is composed of two o 2-4 linked KDO ‘moieties, thh-
- an additional 2-8 linked KDO that is not present in any other bac_ten&_'l’_‘he formula for the
 KDQ molecule is d-—KDO—-ZB-a- KDO-Z’.44-en_fK£}O__(Bi_r'lzcelu'ﬁd S 1’9"92_).\1‘11& most distal part . )



-of Ihe LF‘) ﬂs called the 0- polysacchande, is var:able in structure and is the sxte of the O

(somaue) antxgens. It is hnked to the ore olzgosaccharme and pratrudes from the suri’ace

: uf the uuter membrane. The 1mmune response IS mamly dlrected to tho 0-polysacchande o

‘L1432 - SPECIES-SPECIFIC ANTIGENS

Althuugh spec:es—speclfzc anngens are known to exlst. they have not yet been ful“y
| "charactenzed (Caldwell et al 19??), hut appear. to represent a spectrum of xmmunoiogac
| reacuons {Schachter 1978) Spec1es spemfzc antlgens have been demonstrated in sulub:hzed
o chlamyd:al suspensmns and snmulate the formation of neutrahzmg annbodles. They are

- res:stant to penodate oxxdatmn and are mostly heat-labue‘ '

‘ ]:'

- The sPecxes*spemfic anhgens of T psxtrac: a:e d1fflcult to Jmmunotype (Schach al
_"_._-1975). Ca!dwell et al’ (19?7) was 1he first ta punfy and pamally charad: .
rrachomazzs spemes spec:hc antlgen. It isa heat labrle protem wnh a molecular we:xgiz*‘ of

155 000 called antxgen-OﬁS Unlike L ps:ttac;, strams of C traaﬁomans are today

relatively easy to 1mmun0type. Stral ns causing Irachoma and/ar mclusmn conjunctivitis will R

need mechanical assistance (eg, Iyms of cells or centrxfugahon of moculum onto new cells) .

| fur good growth Thexr mfectmty in tissue culture can be enhanced by treatment of the: -

o _"cells with dlethylammoethyl (DEAE) dextran. a posmvely charged macromoleuule that

Jincreases the mfecnv:ty and nansformmg ahnhty of a number of vu‘uses, while treatmentf'.

'of the cells with neuramzdase will decrease. their mfectiv:ty. Treatment with DEAB dextran:" .

- changes the surface charge of the cells and allows better attachment ot‘ the EB to the’ ceIl .

- membrane, ai"ter muculat;on._ LGV strams -are capable of - spontaneous celI-tu ceJ!_
transmission in tissue culture and are not affected by treatment of the cells with DE&E- "

- dextran or neuramidase during tissue f‘-u_lt_ure (Schachter’ 1978-). An_tlbodz_e_s cirected ton .
.species~3pec'iﬁ'c aﬁtigéng will only react with '5-hnxhuiqgous or cluseiy related stfains; Each
_ spec:es of the ch]amydrae can be further dividyd by v type-spec:flc anngens Not much is

: kncuwn about SPEGIBS specrﬂc anu gens of C pncumomae

10



B 1‘.1’.'4.3_'_': o TYPE—-SPECJ'Flc*:‘ANTI_GENS‘_

| "I'ype-spec,fjc antigens are s;tuated wnh the sub Speotes and species spec;ﬁc ant:gens m' |
: the ma;0:= ‘outer membrane prctem (MUMP or Ompl) (Wang et al 19?0) Annbodles

dneczed to these anngens seem to prevent mfeotlon of host cells. but hsve 11tt1e effect on

o chlamydme that have already estabhshed an :ntrace]luiar ex:lsxenee in the host cens. The

. _.MOMP forms part o; the chlamydxa outer membrane complex (COMC}, has a moleoular :

' weight 39-45 kDa. and aceounts for 60% of the total protein in the. COMC It's main .

: funcnon is mmntam:ng the cell wall ﬂg1d1ty (Melgosa et al 1991) The rest of the COMC- o

E conmsts of two cysteme rich protems, one that appesrs asa douhle ‘band rt 60 B a, called .

'Omp2 ‘and one at 12- 12 5kDa, called 0mp3 It also possesses 296 kDa protem that can be _-.:: s

' demonstrated by polyacrylamide gel eleotrophoreszs, ‘The :soelectnc point of the MOMP '
_.-_ranges from 5.3- 5 5 and it is synthemzed throughout the growth cycle of the orgamsm.-"'
'(Schaehter 1990). The ocation of the MOMP in the COMC and its size and pl values are
similar to that of the pon as found 1n other gram negauve bactena. Thls suggests that it also
funcnons as8 type of ! pore in the: chlamydxae, aho;wmg passage of nolecules of up 1o 2:25 | :
kDa C‘. tracbomaus anti gens are heat-stable, perxodate resistant. and pronase sensmve, and
are therefore protem in nature, Twelve trachoma serotypes (demgnared Ba and A-K)'and
-3 LGV serotypes (L-1, L-2 and L- -3) have 'so far been :dent:flecl in € trachomatis i
| -"(Schachter 1990) Several b:otypes of C. psma shave ‘been 1dennf1ed to date {Mame 1993) :

The MOMP of G pneumomae is. entrgemcaily fess complex than. thn* of the other .

'chiamydnae and 1snot the meunodommant antigen durmg infection (Mnme 1993, Melgosa
et al 1991). Immunoblot analyses of the C, pneumomae MOMP have shown that the

;ecogmt:on o-f this MOMP is only genus rea_ct_sve-, and that 1t_has_._no. other antigenic .

o - reactivities (Melgon-et al 1991), Camphell et al (1990) st.. Jed the humoral response to C. )

-pneu'manfae- and concluded that the sera from ‘their 's'i'udy 'p'op'ulation.' 'recognized
1mmunoreaotive prote: ns of 98, 68, 60 and 30 KkDa as well as the 39,5 kDa MOMP but that
unlike sera from pataems infected by the other Chlamydm spec:es. which 1'eacted strongly*
with the homologous MOMPS, the sera from C. pneumomae-mfected patlents did not react_ o
strongly with the C. preumoniae MOMP. They also demonstrated cross react:ons between

C. pneumonige-infected sera and the MOMPs of the other spegies, The C. pneumomae

MOMP gene is similar 1o the C, trachomatis and C. psittaci Ompl and has been designated

o



' ‘ompA' (Me!gosa et al 1991)L‘-The 60 kbﬂ protem found m o pneumomae is ssm:lar ta the._ .

o delayed type hypersensmv:ty ﬂntlgen of C. Irachomans am;t the heat shock prorem of E. coli - o

-3(Marrre 1993)1 Black et al (I991) md:ed the anngemt. proﬁles of six- strams of C :

' pneumom&e and cdncluded that antlgemc dwersuy amoitg the strains of C pneumomae are S

. found mamly wsth the 65+ ?T.l kDa proteins, Although stram varlanon can also mvolve the. =

7. MOMP, this prowem is not’ commonly recogmzed by serum from infected pat:ents in

' _'1mmunoblnts. The zmpurtance of antlgemc var:anon in diagnosis by :mmunofluorescence o

is therefore up certain, Conval‘ascem sstum samples were found to react with the 98, 68, 60, |
39.5. and 30 kDa proteins of chlamyd:ae (Campbell et al 1990, Accor&ing to Marrie (1993)
o “the 98 kDa prnte:n seems to° b\e speclflc for C. pneumomae. Overall conservanon of the C. |

. Hneumomae_ MOM_P gene is 68% w1_tl'_1 C. rzacf_mmaus and 71% with C. ps:trac_:‘_ . "

. Ll44 T TOXINS

- The type'-spemf:c anngeus have been descr:hed as ezther toxms or type-sPemfm hpldl-. -

haP‘eﬂS in the past {Stephens et al 1982). Although a specific toxin has nat been identified. R

in chlamydiae, a _I'arge number of infectious EBs moculated_mtravenous_ly into young mice

have been demonstrated to cause death within 24 hours, after damaging the vascular

'. en'dbmetr'iﬁm,'_ and infection of cell'__cultufes_ with high numbers of EBs resulted in thejr
' death without a productiive infecﬁou& pfacéés; This toxib wifect can be- pfe&entéd by_'
auubodzes that prevent entry of the chlam}rdlae into the host cells (Schachter 1990), It was
also found that mice can be tmmumzed against the toxin and that anuserum prevents deatﬂg.‘:_ .
The toxin is pre " . typﬂ Rnecmc antlgeq ncated in the RB of the organ:srn. Anubodtes"
to the {oxin ca . absorbed by EBs but not by RBs. Recent e\ndence mdlcated that, when
relanvely large ﬂumbers of ‘Bs are phagocytOsed by macrophages or Lwcells, early death.
and Iys;s of the. cells oocur and they release iysosomal enzymes (thols et al 1980), The

' toxicity associated with this release probably plays a role in pathogenesis.

1z



Diseases caused by c_hi'amydine: tend to be chrbni'c_ and relapses fféqu_en_tlj;z oceur. "F_c_:'_r }

'eicamplei- the sa:ﬁe serntype nf"'C.f trac:homan’s éan be isolated from eye's or génital n-'ms of '

pat:ems for up to 5. years This 1mphes either remfect:an, or contlnumg mfecuon, B
: :suggestmg that chIamyd1a1 infections may evoke an 1neffecnve m:mune response. Infecnon'
or 1mmumzat1on results m humoral secretory and ceIl -mediated immune. responses.

Lymphokmes. pamcularly garnma mterferon, restriet chlamydlal rephcatlon (Schachter

o 1990) Nemrahzmg anubodxes Lhat combine with the cell envelope prevent spread of

mfectlgn to other _suscepnble host cells hut do not appear to inactivate chlamydiae already
3 _lccalizéi'i-. \#ith‘in't_he'- cells. The role of Circniating antibodies, sec_:retox.'y. antibodies and the
cellhlar immnne.'ré'npoﬁse'in'nhlamydial inféntion 'i's.'not yet clear, The imin"uﬁé respbnse' to.
\r'hlamyd:ae varies in'the three spec:es and can be harmful hecause re-exposure may lead

" _to even more severe disease (Schachter 1990). Asympmmatlc carriers have been dacurnented .

- and may he 1mportant in the spread of infection (Schachter 1990) but the cel]ular S

. mechamsms underly:ng the carner state are unknown
11,6 LABORATORY DIAGNOSIS OF CHLAMYDIAL INFECTIONS

- The laboratory diagnosis of chlamydial infeotions involve techniques such as direct
examination of elinical material, isolation of the organism and serological tests, Special skills

are reguired and routine laboratory tests arg riot usetul-for jdentification of the organism. -
1161 . HANDLING AND STORAGE OF SPECIMENS

Chlamydiae are relatively unstable in laboratory conditions, therefore correwt handling and
 storage of specimens is vital, Infectivity may be lost within 48 hours at 37°C, within 5
minutes al 56 °C and within a few weeks at 0°C. C._\.nneum'nnfae is rapidly inactivated at

room temperature and only 1% of the organisms are viable after 24 hours, If stored at 4c,
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o Diseases caused by chlamyd:ae tend to be chromc and relapses frequently oecur. For' -

example. the sarne serotype Df o rrac!zomans can be :solated from. eyes or gemtal tracts of -

-_.'panents fur up to E years This unphes eﬂher remfecnon. or . contmmng mfectmn,

_ _suggestmg that chlamyd:al mfectmns rnay evoke an mef fective i xmmune responss. Infecnon B

- or i&nmumzatxon results :n hLmOral secretory and cell- mediated immune respmsem L

’ __"'Lymphokmes, pamcularly gamma mterferan, restr:ct chlamydzal rephcatmn (Schachter'_ '

' 1990) Neuuahzmg antibodies. that combme with tha cell envelope prevent spread of

' mfectmn to mher susceptl ble host calls but do nof ap pear to macuvate chlamwlae alread“

_ locahzed wnhin the, ce]ls. _’I‘he role of - c:rculatmg anti bodles, s&cretory antlhodles and the S

e cellular 1mm1me response in chlamydlal in fection is not yet b]ear. The 1mmune response to

E chlamyd:&e vanes 1n the three. species. and can be harmful becansa rehexpcsure may Iead; o
to even mofe severe d:sease (Schachter 1990) Asymptomanc camers have been dueumenied

- and may be 1mportant in the spread of mfect:on {Schachter 1996). but the cellular o

o _ mechamsms unﬁerlymg the carner state are unknown. :

1.1.6

The laboratory d1agnoms of chlamyd:al mfect:ons mvolve techmques‘ ‘such. as dxrect_-

2 .examman on of ¢lini cal matenal 1salatlon of ‘he orgamsm and serological tests. Sp80131 skrlls: _ .

are reqmred and routme laboratory. tests are not useful for :deanfxcahon of the orgamsm.’ '

1.1.6.1

Ciﬂamyd;ae aré relanvely unstable in Iaboratary cond:tlons, therefore correct handhn g and 3
'starage of speczmens is vital, Infectmty may be lost within 48 hours at 37°C, within 5
. minutes at. 56 'f(.‘_a_nd within a few weeks at 0°C, C, pneumaniae is rapx-dl-y inactivated at

" room temperature and oniy 1% of the 6rgé.ﬁi$ms= are vfa'blg.a'fiér 24 :hm_';r_s._' If stored at 4°C,
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._ .70% of'tho'org'anisms' will be-'vi’ablé af'tor'24 'hours " The or'gan'is"ms' ca"n' o-lso bo inaéii\iated -'

o with 0.1% formalm, 0.5% phenol or organio solvents such as ether and ethanol that- wﬂ}

dostroy their lnfectwlty within 30 mmutos. at room temperature 'I‘he pH ranga of stabz‘xty

_'_1s narrow and the rate of muctwahon by ultravwlet :rrod:anon is similar to that of E coh

- -Suspenslons ate best pr eserved at - ?O“C or lower, or in some cases by lyophlhzanon. Frozen .

 suspensi ons wﬂl mamtam thelr t;tre for several years. Rapid freezing at ~70°C rnay howovet
. mactxvate 50-60% of C. pneumomae orgamsms (Grayston et al 1990) but if frozen slowly.
_'by coolmg at 4°C for up to 4 hours. before freezmg, only 23% of the orgamsms uge

) macnvated. Ideally, speczmens for 1so]auon of the orgamsm should be stored at refri gerator T

- -temperaturo aﬁd 1solated witnin 24 hours, or specimens shoiild be frozen below - 65"C after
- 1 4 hours storage in the refrlgerator (Grayston et al 1989, Graystoz: et al 1990). -

i|

‘1162 DIRECT EXAMINATION OF CLINICGAL MATERIAL

md L

| Cytologlcal r,ochmques age helpful in the dlagnosts occalar Chlamyd;a mfecuons, but not
fo,r zhe dmgfrosxs of human psmacoms For oocular mfecnons, the G‘emsa saain is. |
recommended although the fluorescent or wdme stains caft also be used Correct th:ckness
- of the 1mpressaon smears s’ vory important for \nmbnlzty of mclus;f.ms us:ng ey’ ologxcal
' techmques. C pneumamae mfectlons have not been dlagnosed by cytologwal techmques 50

far.__.

621 " GIEMSA STAIN

The Cnem:sa stain wlll p vide permaaent preparations‘ It allows assessment of the
.:nflammamry response and is therefore useful for the d:agnos:s of mainly sporadic adult '

inclusion con Junctwlts cases that can easily be confused with other forms of acute folhcular '

.. ton Junctlv!t:s eral mfecnons have a predommantly lymphocync response while in

chlamydlal infection, a m;xture of polymorphonuclear leukocytes, Iymphocytes and other
~ cells can be: seen. In cases of atopie conjunctivitis, eosinophils and free granules are _seen

in the sm_por's_. while -trac_h-omo cases usually .'._p_rosen_t_ with polymorphoooélear: leukocytes, |
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lymﬁh'pey"tes_ and me'crq.phages..._ln: a'cﬁve_trach_t;fma', immathre l)irﬁphb.i'd} cells :a’nd. pl&sma o

cells can" beseen ‘together with necrotic material, Soni‘etimes Leber cells and giant

macrophages eontammg phagocytosed maten al are also seen, Disadvantages ot‘ the. method o

- are that 1t is: time consummg, proper examination cf ene slide may take up to an hour, and

should be carried out by expenenced workers, An oil mmersnon lens should be used to |

avoid mclus:ons being overlooked or confused with amfaets and cellular structures that -

: could be present. The G:emsa stam is not recommended for gemtal tract specvmens but can o

' be used for demonstration of partxcles m h:stologlc sect:ons, 1mpressmn smears antl hssue .

. cultures.

' 11622 ©. . FLUORESCENCE STAINING

: : i :
Either direct or iﬁﬁi-rect te’chniqﬁes' can be used s'uecess’fu'iljr; This is the Eﬁ'ost sensitive~' )
cyta]ogle method &nd has been appl:ed in the d:agnoszs of trachoma, mamly in mild cases,
“and in oeculogemtal mfecunns AIthm: gh ¢om pansons of Glemsa and 1mmunofluorescence'
.stammg sens:tmty for the detecnon of C, trachomaris mclusxuns in (:eli culiure were.
. mconeluswe, lmmunofluorescence proved 1o be more eensmve and rapxd than the Giemsa -
'-method for detecnon of inclusions of the organism- produced from chmeal specimens
moculated into cedl cultures. Dlsadvantages of the techmque are that it is time consummg.'
requires skilled mterpretanon and fades repxdly. Since the development of monoclonal'-
anitibodies to C. Jaevmoniae, 1mmunofluoresceme has also been used for the chagnosxs ot’ |

infections by 1hls olgamsm.
LL623 ~ IODINE STAIN

Chlamydiat incl'usions' contain a glycogen.-l'ike r’ﬁ'ateriel that can be stained with iodine, It
isa very simple and quick teehnfque to use and entire slides can be sereened in a'mz"-‘er.
of minutes. Inelusmns can be reeogmsed even in thxck areas of the smears The sl:des can
be kept for permanént record or can be counterstained with Giemsa for conflrmatxon

Jodine staining can however not be used for staining C._ psittaci begause the organ_lsm- does



-not produce sufflc:ent glycogen to show up in the stain {S‘lephens 6t al 1982) It is the Ieast _
" senisitiye’ of the cytologic 1echn:ques and cannot be used o stdin scrapmgs from the gemtal

Lo traet Smce ceils contammg glycogen may also be present in narmal specxmens.

1163 ISOLATION TECHNIQUES

| Chiamydiae can be isolate. " by either the y‘olk"sac or the c’ellzcui'ture '(tiss'ue' culture)' .

tachmques. Cell ealture is more sensxtwe and less time conSummg than the yolk sae method -

.(Gordon et al 1969) Also, a higher level of bacterial contam.maucn can be. tolerated in. cell_ _

o 'culture Lhan in the yolk sac method. The 1solation of C, pneumamae is d:ffncult as it grDWS.

poorly anﬂ is mactwated by napeated freezmg and thawmg, but is. 1mpnrtant in patients

- whose antxhody response may be. unrehabie, eg those infected w1th HIV (Augenhraun et . .

al 1991) Ch]ﬂm}’ﬂlﬁ transport medmm SPG or 2SP shouicl be used for storage of speexmens _
| (Grayston ot al 1’989) ' : S

11631 YOLKSACCULTURE

..The. YOlk. .sac' tedhnii:jue. is the method of éhaiée for i.scisllati'on of '. c traéf.:ohmt:.'s;:strai'ﬁs
o causmg LGV, butis not sensitive for isolation of trachoma strams. For yolk sac procedures
~ nutrient broth comainin £ streptomycin, neomycm ‘and nystatm is normally vsed, Seven-day- _
old emhryunated chicken eggs are moculated and mcubated. The yolk sac membranea are
_ harvested when the eggs are killed exther by growth of chlamydlae or on da‘y 12 or 13
 betore hatchmg. Stears. from the yolk sac membrnnes are made on microscope shdes and
'stamed with the modified Machiavello or immunofly nre_scence stains (Kuo et al 1986). The .

m_ethod is not repmhm;ended for C. pneumonize which shows low virulence in egg culture, -
L1632 . CELL CULTURE

 The ¢ell cul'tur'e'tec_hn_ique.has_ been used for decades for the isolation of < -:mé)z_ométisfmd o
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B o Psxrzac:, and lately also for C Pneumonme The best med:um io use for celi cultura s

complete ceIl eulture medmrn Supptemented wnh gentamyc:rx. *vancomycm and._ "

-amphoter:cm B. Strams of C. rrachomans that cause LGV grow sasily in cell’ culture, but o

. not strains whlch cause trachoma. This can be overcome by mcreasmg the contaet be*ween. '

the organism and hqst..cells_ py cen;rlf.ugmg the culture.. Aiternatively, 1rrad1a_te_d_ Mc_pr '

cells, or cells treated with iodo-deoxyuridine of DEAE-dextran can be used. DEAE-dextran

-+ increases and neuramidase decreases the infectivity of trachoma-causing styains, but do not

affect strains 'c'ausin'g LGV, C. psittaci grows well in a variety of cell lines, including Chang . -

hurnan liver cells, . fetal- mouse- Iung cells, human d1p101d cells, L-cells and ch:cken

E f’xbroblasts. The’ celI line most frequently used is HeLa~ 220 ‘cells because the- orgamsm w;ll o

- not only grow well in cell monolayers, but will also grow. in Suspended cells in spinner |
" culture. Any of the three cytolog:c stammg techmques mennoned sarlier can he used for -

' screemng of the cell cultures for mcIuswns.

- C. pneumoniae grows 'p'oorly in cell culture and prb.du'ce smaller inclusions than the 'other -

.' 'two species (Grayston 1992) However, with muln pIe passages of cultures and. the newer cell

lines, isolation of the organlsm is becommg easier (Campbell et al 1991) Vanous cell linies ; '

' ._can -be used for. ;solazmn_, of which Hel.a-229, L-cells and McCoy ce_lls ‘are the most
cdmmo;ﬁ;y used (Grayston et al 1989}, Cles and Stérﬁni (1990) discovered a human cell line
called HL-cells that ¢an be used for the Cu'liufé"of C Pn'eum'on:’ae. Th'ese. ceil's ﬁfe ifzdre '
. sensmve than HeLa-229 cells and can be used for both laboratory adapted and wild strams o
| of the orgamsm. A kmeuc stu dy of C. pneumomae growth in HL-cells showed a three day
" cycle. similar to that in HeLa- 229 cells, In the HL_-ceIls, the inclusions ruptured onl t_lay_4
and 4 second growth éycle_ oocurred in previously uﬁinfected cells _(Ku'&iét_a.l_lg.Q_O)_._ This .-
has not been observed in any of the other cell lines. The most sensitive cell line for culture
~of C. pneumonige was however recently reported to be HEp-Z cells (Marrie 1993).
Inclusions can be stained with either of the 'staini:ig pro.cedﬁres- mentioned earfier but the
1mmunof1u0rescence stain is recommended for C pneumomae ‘due to ths small number of .

mclus:ons normally present (Grayswn et al 1990)

Experiments with TW-183 and AR -39, vsing egg grown org_an-ism's es inoculum showed that :
the inclusion coimts were increased by addition of DEAE-dextran, centrifugation or
cy¢loheximide treatment in any of the cell lines mentioned (Kuo et al 1988), although less

eyeloheximide is ne_éded_. for i.SOI.atiOD of the org"aﬂi.sm in HL-cells than in the other cell
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' li'nee 'I‘he-HL cells also grow more slowly than the others, and addition of DEAE-dextreh' o
- will not. :ncrease the mfeetmty of the orgamsm Centnfugahon alone y1e1ds 3600 nmes_' '

'L cells. The best results can hewever be obtained by cembmauon of all three techmques

“Titres ef 1.5- 2. 5 umes greater were demonstrated w:th the cembmed methods than w:th o

centrifugation alone. Incubat:on of cell cultures is:more effecuve at 35"(: than at 37°C for '_ '
:. ' mclusion formanon as well as burst mze of the orgamsm Kuo and coworkers (1988! showed _
that mcluslon coums were between 1.5 and 2.5, mnes h:gher and the- burst size 1.2 - 4.6
s times greaxer at 35°C Although the mclusxens of C pnevmoniaéin HeLa 229 ceils resemblej:
. those of C.. -psitiaci, they do not have the variable shape (Kuo et al 1986) or the growth o
around the ¢ell nucleus found in C. ps:ttac: (Marne 1993)

‘1164 ;| SEROLOGICAL TECHNIOUES -

" 'No single serological test is generally applicable for the diagnosis of 4l chlamydial

" 'infectio'ns. Curreﬂi.l-y 't:wd ’.teehniq'ues are recommeride.d-' the. eompiemeﬂt fi'xaﬁoh t.est (CF'T)_ -
and the mlcro—«:mmunoﬂuoreseenee test {IFT). W:th either of the two teehmques a fourfold N
o .nse in anti body titre. (seroconversxo"n] is usuelly cenmdered 10 be diagnostxc of chsease. This -
is however noz always applicable and the chmcmn must mterpret the results in terms of the. '

dlsease pattern and. the background prevalence of ant:body titres, .

Durmg the pnmary response 1o C pneumomae. usnally seen m chﬂdren, teenagers and
young adults, complement, fixation ant:bodaes usually appear first. A relat:vely leng time
is required for development of C. preumoniae annbod:es detectable by the micro~

' xmmunafluorescence test,

L164l COMPLEMENT_FIXATION (CETY
The compiemem {xation test detects ant:bodles to group—speclﬁc anngens. Itis therefere '

not speelfle and will detect antibodies to a]l three Chlamyd;a spemes as-well-ag antlbodles

to M, pueumomae, mfluenza Aand B adenowrus, and respi ratory cyneynal virus (Grayston B
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o et aI 1990) Cemplement flx&thI'l cannot be used far the d;agnesxs of trachoma. but w:ll

-'detet;t anubodzes to psmaeos:s and LGV, e e

. The xﬁhtigene issed ie the test are pi-e;iared by ino-eul-etien"‘ ef' emﬁi')ir'eneted.'.hees eggs,
mc‘.ubanan gring d1n gand euspensmn m nutrlent broth. The suspensions. are etandardlzed and
| "refngerated before use‘ ‘Ether- acetene-extracted ant:gens are. glso- munnely used fgr

Chlamydla species as well as infinenza A and B, paramfiuenza, respxrazery cyncyt:al vmns. -
“ad enowrus, herpes s“'n plex, coxackle B5 eytemegalov:rus and M. pneumomae. There xs an
| armgen commerc:a]ly ava:lab]e that contains a pur1f1ed and 1nact1vated suspens;cn of C.

 psittaci grown in yolk sacs (Kleemola et al 1988)

‘Reagents necgs;safy for 'cemplereeht fixation include buffered saline, group .aﬁt_i‘gen;'ahtig'en o
. : eentroi, posiii ve end negative sera, q-einee--pig'com plemetit, rabbit-anti —sheep csmple}nent
- and sheep red. blood cells. Serum 1s daiuted in: phosphate nuffered saline and- should be
_ tested for reactmty ta normal yo]k sac ant:gens and for antscnmpiementary actmty The

| s -'endpomt of the serum 1s the hlghest dllutlon producmg less than 50% haemolys;s

o Results are mterpreted as. f QIIOWS‘ a fourf old or greater rise m ant:body titre or a smgle t:tre g

>1:64 are coneldered to be evldence ‘of a current Or recent mfectmn (Thom et al 1‘)90) If R

. at least ane of the serum samples shows a titre of 21: 16 and ne:ther shows a txtre of 21i64,

it is consrdered to be ev1dence of a past- mfeetmn In primary in fectlons a rapld rise in both
- .complemem fixation and IgM tltres is usual!y seen, This may be losr. at appmmmately 6- 7
__ .weeks post- mfecnon (Berdal et al 1991) It should be noted that. older. people with C.
) pneumo:uae mfecnons usually have a neganve result on the complement flxatxon test
{Grayston et al 1990). ' ' ' ' ' '

11642 . . MICRO-IMMUNOFLUORESCENCE (IFT)

The micro~ 1mmnnofluoreseence t.st for chlamydme was cngmally developed and reported
in 1970 by Wang and Grayston for the diagnosis of C‘ tracbomat:s infections. It is bot}I
sensitive and type specific and can be used for detect:on of. antxbod:es of the Igh, IgM and

IgG classes (Wang €t al 19'?5) The test is mamly used to dtstmgmsh between current, reeent
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e . and prev:ous mfecnons (Grayston eral 1989) and between pmmary and secondary 1mmxme L

" responses to t’  rganism. Therg is no ewdence of false posmve results due to viral or

myeoplasmamfecnons (Aldous et a11992) Most authors 1egard mxcro-lmmunoﬂuorescence e

 ashi ghly *sens:twe and spemflc. althou gh cross—reat:t:ons have been demonstreted thh the E

| _ -mher chlamydlae (Verkooyen et _-:l 1992) Rheumatmd factor (RF) is an autoantlbodyg -
B j_(usually of the IgM ¢lass) that. wxll readt 10 antxgerue sites snuated m the Fe region uf IgG, ' _ B

o 'thereby mterfermg in the detectzon of TeM annbodxes, 1eadmg to- false—posmve results. S

R .Absorpnon of IgM ant:bodms wuh IgG is therefore recommended to prevent i‘alse posmve '

o IgM results (Verkeoyen & al 1992)

" Antigens used in the tﬂest ai-e s'us'peﬂsi'ons of EBs.l Chiamydi‘ae can be. gnewn' by either yol‘nféf )

" sac ot cell culture techniques for antigen producnon. Antigen slides are prepared by pIacmg'_‘ S

. '_ 'dots of. the appropnate anugen on the shdes and fixmg them i in aeetone The shdes can be

" srored frozen until use Fer the test, senai dilutions of the serum are made. m phasphete

o 'f'huffer. Drops of dxlutmns are placed on the sl:des. Whlch are then incubated, dned stamed

o wnh quorescmn conjugated ant:human g]obulm (e1ther IgA IgM or IgG) and mounted,__ :

o 'Ann gen shdes are exammed by Standard fluorescent m:croscOpy The test meaSures specxf:e'; '
» ; antlbodws to antj gemc determ:n ants present in the cell walls of- the EB partlcles and appeaxs_., :
.to he reproducxble \mthm a two- fold var:anon, bm recent observataons by Marr:e {1993)
suggest that . the FML—IO stram shmﬂd be. meluded because some’ patients show a rise. m o
) armbody tttre 10 FML 10 and not tp 'I'W 183, '

11643~ OTHER IDENTIFICATION TEGHMIQUES

A -pelymerese 'c'hain'__reactien (PCR) technique has been dev_eiop'ed by Geydos et'al (1992)

for diagﬂo’sis of C. pﬁeumom‘ae infections and identification of the erganiem butisnotused ..

_ routmely yet (Galdos et al 1992 Holland et al 1990, Marrxe 1993). There is also an enzyme

immunosorbent test avallable to detect chlamydxal ant:gens (Marne 1993) To dxfferentlate

. between C. pneumomae and C. ps:uac:, a.C pneumomae-speelflc monoclonal annbody is -

S used.



" 117 INTERPRETATION OF SEROLOGICAL RESULTS .

~ Both thé 1 ming of eollection and the response patterns”ere fmiportant in thie interpretation.
- of C pneumon:ae antlhody results in pe:red sera. The penod from the onset of symptnms._

' and the convalescent stage of dlsease s more than 21 days in 68% of C' préumonize

. mfect:ons Therefore the mterval between acute and convalescent sera should be between

14 and 27 clays

' -Thﬂre are two pattems of a.ntxbody responae to. C pnenmomae 1nfecuan. Dur;ng pri 5ary

' -mfecnon, generaily in chlldren, 1eenagers and yuung adults, an Jmmedxate complement :

f1xatlon ane-.body response is usual. These antlbodies tend to appear first, followed by t’1e" _ B

: deve]opment of antibodies detectable by the micro-immy noﬂuorescence test, [gM antibodies.

'appear about 3-4 weeks after onset of symptoms. start 10 decrease wnhm 2 months and'

usually dxsappear 4-6 months after acute infection. IgG titres. may not reach d:agnoshc

_levels befure 6 8 Weeks after onset of ﬂIness, but will oersxst for up to 2 3 years in 50%

- of panents (Grayston et al 1990, Saikku et al 1992), IgA will also increase but decreases -
_mare rapxdly than IgG (Sa1kku etal 1992) Therefore, if the mnvalescent samp]e is obtamed .

less than 3 weeks after onset of symptoms. the annbodws can be. mlssed Durlng re1nfectmn, o

the complem_ent_ flxan_on and IgM reactions may be absent_. IgG titres rise quickly, often o

 within 1-2 weeks and may reach titre: 21:512 (Grayston et al 1989, Hahn DL et al 1991).
The abscence of complement fixation and IgM in cases of reinfection can make it d:ffacult
1o demonstrate evidence of current 1nfecuon Dlagnoms of a. chrcmc C. pneumomee

mfectmn is problemauo as annbody levels in pauents with chronic 1nfect10ns are not well
known, but recent evidence suggested an assoc: atjon Hetween raj sed IgA titres and chromc.

' bacterial rnfectmn_s in _gener_al. Also, circulating anti bodn’;aé c_nn_ micz_'obxal c_omponents_ _

_have been nBsefved in several chronic infections (%aikku et al b ke general population

. usually has a low titre [gG and IgA is rarely detected except d..s;mg ep1dem1cs (Sa.lkku et
al 1988) | | |

The criteria for _es_ta_blishmen_t- of acute versus previnus infection as developed by't'ne _
University of Washington are: a 'fonrfdld or greater increase in antibody titre to 21:16, an -
1gM titre 21:i6 or an IgG titre 21:512 are termed 'acute_antibody and are considered

- presumptive of a current or recent C. pneumonize infection. An IgG titre 21:1% (some
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' -authc-rs use i.32 as the lowest i itre) and 31.256 are- conm dered as pie -exlstmg anubody dus _ |
to past infection and are used to determme populat:on prevalence (Lr et al 1989, Thom et' ._
al 1990, Torres et al 1993) Hahn and coworkers (1 991) suggested that IgG tatres 21 164 may
. indicaté an ongomg secqndary_ infection " in some mdmduals. Alto, in’ some cases. of
' féi_‘nfacti_oh_there-m'ay be a slight increase in I-gM. \\nth or withaut an incre_a.se' in 15G. Tn-
' a i:é'rsori who had IgG in.rx previ.o'us 's'amplé,' a fourf’old"or greatér'increase in IgG is also
. .regarded as remfecnon (Marne 1993), An IgG titre between 1:8 and 1:256 may also be o
'. considered as chromc antrbody (Puolakkamen et al 1993) ‘These authors also cnns;der :
seroconvers:on durmg acute C. pneumoniae infections as a fourfold mcrease or decrease in
. anubody titre, The percentage of patients w:th PEI‘SlStBIﬂ ant:hody to €. pneumomae over-

- time is very stable in compar:s:m Wlth M, paeumomae and other agents Th:s reflects the -

- longevi 1y of aniti- C pneumomae IgG detected by m1cro-1mmunofluorescence test compared

to the arti- Mycoplas:na response as: rneasured by complement flxatron. L
| '.1 18 C PNEUMONIAE INEECTIONs
' 1L181.  PREVALENCE

. Amihodies to C ﬁneumo'n'jae aré- rérely' ;irésent' in children‘ 'u'nder' the age of 5 yé.ars
__(Grayston et al 1986). The prevalence of antibodies 1ncreases sharply in older ch:ldren.
reachin g & peak at 8-9 years and by early adulthood approxrmateiy 30 50% of the general
populauon has serologlcal evldence of past C. preuvmoniae mfect:ons (Mame 173), This
figure may even be as hi gh as 60% (Torres et al 1993), The prevalence of anhbodnes reaches_
a plateau of about 55% by the age 30 40 years and permsts at this level thruugh old aye

{Grayston et al 1990). Another peak was reported by Marne et al {1993) in persons in their .
70's. Acute lower respiratory tract 1nfect:ons by the organism have however been reposted
* in ¢hiliren in develop:ng countries where it causes considerable morbidity and mortahty |

In Denmark and Finland, C. pneumomae mfect:ons have been reported in young children 3

(Saikku et al 1988), while in Taiwan, 10% of children under 5 and up to 36% of chxldren _

' between 5 and 9 years are infected at some time wnh the orga_msm. Aldous et al (1992_)_&190 )

reported 2 high infection rate.in children aged between 5 and 14 years in Seattle. The
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prevalence of antibodies in the general populatmn varies, ln Amencan teenagers the'
' prevalence \vas 20~ 30% r:smg 10 40- 60%1:1 adults (Shor et a11992) Preeexlstlngantibodles
10 C. pneumomae were also reponed in 50% of adults ffmn seven d:fferem countnes,_ g

RS rangmg from 40% ia Nova :scoua to 5. 60% in. Talwan Torres et al (1993) reported a- ‘

'_prevalenee of 25 ?7% in adults in the general populauon

G pneumomae mfect:ons oecur both endemmally and ep:demxeally. ﬁ wmptcmat;c carnage_

- .has been documented, and there is fio evi dence of sexual transmlssx on of the organism. The

3 exact mode of transrmssmn is unknown but the Inw preva.lence in chlidren before school-'

- going age su gaest that tranqmzssmn oceurs more often outside the homie (Aldous et al 1992) -
| _Clus_ters of: ol pn-_eumomae 1n_fect.qns have however “heen d_em_on_straied in fami_lles." '
_ (Gi‘ay"stbn 199.2). :SEaa'onali'ty of i'hfec.t.idns'dbes net o'ccur; 'but-perioﬂic oﬁtbreaka, p‘ossibly '
_ with a 6—year cycle, have been reported (Grayston et al 1992). Outbreaks have been_-
.repurted in leand Denmark Norway,, England and the Un,ted States (Marne 1993)\

1182 . SYMPTOMS

C pneumamae 1s a human pathngen and is transm:tted from human to human thhout a

. l:urcl or animal reservoir, Little is known ahout the mode and place of transmission, the

iprubation penod and the infectis ousness o_f the orgamsm_..Accordmg_ to Grayston and Thom
{1992) the incubation period is:'!o'n_g'_ compared with common viral respiratory p‘?atho’gena, and .
_the -organisnﬁ is not highly infec't.i'ous;-_ Hyman et al (1991) described infection of two
laboratory workers through droniet aerosclization. Aithoug’h asj(mptafnatie, the organism'

- was cultured from specimens taken from thase workers The clinical mamfestaLen of an

acute C pneumomae infection may range from asymptorrauc o lee thteatemng o |

preumonia, Chironic mfectmns have been reported and recurrence of disease is frequent,""

.despite antibiotic treatment (Saikku et al 1988). A]though C pneumomae causes more

- human infections. than the other chiamydme, the majority of these infections (probably as

 many as 90%) are mild or asymptomatic and are therefore not repor'ted as pati_ents with mild

symptoms often do not Seek'medical care (G'rayston &t a1'1985' Mirrie '1993 Torresetal -

© 1993). The organism is primarily a respiratory pathogen that cummonly causes pneumonia.

bronchitis, pharyngitis and sinusitis.
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The elinical appearance of C. pneumamse mfect:qn varies hy age. Studles of ehxdren m thel- '

USA and Denmark suggested that, infections in ch:ldren and young adults are usually rmld'

and carn be treated on an nu;pauent basxs wh:le older adu]ts have nmre sermus symptoms_ o

- and may have to be hesp:tahzed with pneumonia (Grayston et al 1992)

' There is no set of syrnp'oms umque 1o C pneumomae mfectmn, but several characters in
' the elmxcal presentauon may - help te dastmgulsh it from other mfectlons. ‘The onset of
diseage may be proionged with upper respnratorjr symptoms, mamly pharyngms, fever and |
sore throat ofteri with hoarseness and wheezing (Hahn et al 1991, Marrie 1993), Laryngitis
may ocCur,._but without cul__u_nr_e of pathogenic bacteria, 'I_‘h1s is followel ‘ny increased eongl;_'

.. and other symptoms of lower respiratory disease, mainly bronchitis or pneumonia, with

- _ pheryhgiﬁs and’ sinueitis ffequeetiy. 'a’ccbmp:anying these symptoms -'(G'raj:st'en et al 1989,  °

Kleemola et al 1988) The eaugh and malanse may be persistent for up to two months. There_ -

is usually no sputum produeuon ahhough Thom et al {1990) reparted a produetwe cough_ )

intheir study population. Some patients may suffer from chest pain. Sym ptemat:c treatment '

usually resolves the initial symptoms, but after 2-3 weeks a relapse may eccur, ‘this time

. with symptoms of broneh:t:s or pnaumema. The erythrocyte sed:mentatmn rate (ESR) in

G pneumomae mfecuons is usually high for an average of . up 0 two weeks but the wh:te

| cell copnt and dlfferennal count are usually normal although an increase in wh:r.e cell count

- has been repoated (Graysten et al 1986)

11821 PNEUMONIA

Pneurnonia' 'is.the most common syndrome causeﬂ.by_c. paeumoniae and_is usually mild
'('Grayston' et al 1990, Marrie et al 1987). I_i may be gsymptom'atic wiﬂﬁ a single,
subsegmental infiltrate, althou gh severe iliness niaY-oeeur in older people and in those with |
chronic disease. Hospitalization is usually not required except in severe cases (Kleemola et
al 1988). Preumonitis is seen in 160% of C. pnerlmom'ae ihf'eetiens, compared'b" the 80%
in mycoplasma and 20% in viral infections. Pneumonia associated with acute phase cC
pneumomae infection has no characteristic chmcal or radmgrap'*ncal features. Patients thh_ :
C. pneumonige infections are more likely to be hoarse and afebnle than patients with M.

pneumonise or viral infections, and usually wait- longer before they seek medical attention



S

"._-(Marne 1993) In nhe USA, several hundred thoummd cases of pneumama due. to C'. :

o pneumamae :nfecuon are repurtect each yean cqmpared to cmhr a few hundred'due to

:nfectmns by C, ps:trac; and C. trachc:mut:s The orgamsm is assor.nated w:th 6- 12% of

. 0o
_ pneumomas in outpanents and §- 10% in mpat:enis (Graysmn et at 1989, Gra_,,mn ét al

".1992) These authors also’ reported that, between 1980 and 1981 11% of haspata:hzed':
pneumoma cases were caused by Influenza A v:rus, 10% by c‘ Pﬂévmamae and only % by" L

M. pneumomae. In pam, C pneumomae was the most common ‘cause of cummumty-.
_ acqmred pneumoma in the outpanents of three hospztals. fnllnwed by & pneumomae and -
' M. pneumomae (Ah‘mrall etal 1993) ' ' '

11822 . BRONGHITIS

' Bronchitis caused by C. pne'umom‘ae' iJSual'ly"ha!s a subscute onset, -may' 5& prdloﬁg'ed z‘md

_ is often preceded or acc0mpanied by pharyngitls. Approxxmately 4-5% “of bronchxtxs JseS'

o lm young aﬂults are caused by C. pnéumomae. Tt causes mamly chromc bronchms m older__ .

o .-ad qlts. Hahn et al (1991) reported asthmat:c bronchms after resp:ratory tract xllness caused

by fod pneumomae mfecnon. _The sympmms usually respond to appmpnate annbmtncz

- treatment.

11823 " PHARYNGITIS

AU

g Pharyngitis caused by C. pneumoniae may be quite severe and is one of the symptdm's in

~ about 80% of lower resplratory infections caused by the organism (Grayston 1989) butis -

‘not often seen in ocases without lower reSplratory infections (<1%) Huovmen et al (1989)
re poned C. pnéumonige antibodies in 8% of patien ts with pha_ryng_ms._Hparseness. associated -
with pharyngitis is seen in’ 30% cfc, Qﬁeumo’m'ae infections -{Coqpef et al 1991). |
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. _Several aur.hors :eported cases’ of severe laryrgms due to C pneumomae mfectmns
| -(Grayston et al 1986 Hashlguchu et al 1992) | S o

. 11825 0 SINUSITIS.

' _.Approx:mateiy 5% of pnmary smusms m young adults is assocmted w:th C pneumomae_- '

o mfectiuns. A study in Denmark reported that 5- ?% of pat:ents with lower res;.uratory o

_:nfecnons due to C. pneumomae, suffered from smusms at the same- time (Grayston et al g

: - 1992); Tn Japan. where the populauon denslty is hlgh, 19% af pauents W1th sinusitis were

: -'-"-reported to Have ant:bodies to- the: orgamsm (Hash1guc1111 et al’ 1992) < pneumomae

. mfectmn may result in chromc s:nusms m older adults (Grayston 1989)

"+

An associétibﬂ has been found ﬁetiveén G 'pneun;.-on'fae'fnfecticn'and a'stﬁma-dﬁring thé o
period after 111ness (Hahn et al 1991) Past mfectums by the orgamsm may predmpose the
Iungs to bronchos;:asrn durmg subsequent mfecnons th other- m:cro organisms, Chromc
' mfect:on or remfect:on with C, pneumamae may mgger an 1mmuuopathologlc process in )

| . thelungs that may cause ep1the]:al damage and mediator release or de!ayed h)rpersens:uvaty

. to chlamydlal ant:gensf This may cause chromc alrway mflammatwn charactenstxc of

asthma. Hahn et 2l (199]) found antibodies to the orgamsm in 81% of pa'hents v.qth'_"

asthmetic brcnchms, in ‘00% of panents older 1han 40 years and in 80% of panems mth

'asthma. o
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- 11827 - ENDOCARDITIS

C pneumomae ml’ectlon rarely, results in andocarchns bnt cases have been reported
_.(Grayston 1989). WPrén it does occur, the blood culture is usually negatwe {Marrle et al -
1990, So far e:ght cases of chlamydial endocardltxs have been pubhshed of whlch six were

' eaused by C. ps:ttac:. one by C pneumomae and one by C rracbamat:s. Three of the e

patlents dzed as a result of‘ the mfect:on (Mame et al 1990, Mame 1993),
11828 CORONARY HEART DISEA

- Bacterial and viral infections a-i-o"knowo-to-oontribuie_ to the formation of athe‘rosolerosis e

by c‘ausiné'damage to the endothelium of blood vessels: The 'ohlarriydiai LPS binds 1o low

density hpoprotems, modxfymg them and- makmg them mn mnogemc or toxic for'_ o

"'endothehal cells (Salkku et al 1992} These modsﬁed or anti tpody assooiated, .ow densxty: |

L hpoprotems cause formatlon aof foqm eells in v:tro. that is k*nown to be the .1rst phase in

--the development of atherosclerOst The LPS of chlamyd:ae also induces tumour necrosis

factor which mlubns hpoprote:n 11pase and causes changes in hpxd metabol;sm Thns results .

in the accumulat:on of tri glycendes in the blood Stream. '

Invesugators in Fmiand (1989) and agam mare recent]y in Helsmkl (1992) studmd the
' associat:on between coronary heart d;sease (CHDI and mfect:on wnh several bactena and '
" vn‘uses They found that only annbodxes o e pneumomae can be assoc:ated wath CHD

(Thom DH et al 1991 and 1992} Shor et al. (1992) derronstrated the plmsence of C

Dneumomae 1ncius: ons in coronary arterial fatty streaks by electron m:croscopy Incluslons' '
. were also seen in 87% of South Afncan pust rnortem sera from 1nd1V1duals with
atherosclerotic changes in the coronary arteries (Puolakkamen M et al 1993)

Sever&l other stud:es have also Suggested chromc C. pneumoniaemfectmn in both acute and '

chromc coronary heart disease (CHD) In leand ant1bod1es to the organism were found

in 50% of pat:e.nts with chromc ChD and in 68% with acute myocardlal mfaronon,-- -

B compared to only 1'?% of controls. The presenoe of anubody to c pnaumomae is also o



'assoclated with corouary artery d:sease (CAD) The estxmated nsk of CAD is 2.6 times
' o greater in persons with anta bod:es to the orgamsm than in those mthout annbcd:.esa. Thom
st al (1991) showed an association between CAD and C. pneumomae am‘.t ibodies in smokers. |

- “This assoc:anon was 1dent1cal for persans wuh and without prmr myocard;al mfarct;on.

e In 1988 Sa:kku &t al demonstrated an assocmt:on between ransed (.‘., pneumomae auubody '
| t:tres and the prescnce of c;rculatmg immune- cornplexes contammg chlamydlal LPS 1n"_-

E pat:er:ts with scute myocardial mfarctlom Graystcm (1993)- repOrted C. pneumoniae 1mmune'

| com plexes in 41% of chromc coronary artery d:sease cases compared to 15% of the controls _
mlhey studled. o ' ' ' ' '

___1.1-.8_.-'2.9 A OTHER s\%ND_RoMg i

"An assoclatlon hetween [} pnevmamae mfectmn and several other syndromes have been .
B 'reported TLese mclude encephalius, chronie obstmctwe pulmona:y d:sease. torxmlhns, otms

_:\men:hai eryzhema nndosum, 1hyr01dlt1s and sarcomos:s.
1183  REINFECTION

- Remf ectmns by c pneumomae oceur t‘ requently and may be ezther m:lder or more severe
" than the primary mfectlon (A]dcms 8t al 1992), The precise rule of regnfectmn with the
organism has not been determined fully, but is oecurs more frequeml‘y in older adults who -
appear to have more severe disease, Re=nfect:on may oceur with or w:thout measurab]e"
antibodies and wn_hm. months or years after the _primar:; :nfequon. Thi_e mfections may be
' aéym'ptomati'c or'rha.y- cause tpper respirptory infection only, Comp'aréd*to M. pnemﬁ'om'ae_ |
and other agents, IgG to C. pneumoniae pers;st for longer perrods This may mdmate .
. frequent re!nfectmns, although Thom et al ( 1990) suggested that remfectmns do not occur
“frequently. ' : '



. LL84  CHEST RADIOGRAPHS

DU I

o _Chest rad;ographs show smgle pneumomc lesmos but fmchngs may dxffer t‘rom person to -

o person (Grayston &t al 1989, Marr:e etal 198?) Infiltrates pccur more frEquently in pat;ex}t_s‘

~with C. paevmoniae and M pneumomae mfectlons than: in patxents wnth pneumoma not .
assoclated with lhese orgatisms. The infiltrates seen ofi, radxographs are usually smgle '

' _Ieswns in enher the m1dd1e or the lower hmg (Kleemola et al 1988) but in some. cases more -

- _1han one les:on rnay oecur These are usually smgle lesums in both ]ungs and may persxst B

~ for up to. ::0 days. In all the pat:ents studied by Sa:kku et al (1985), a single definite

'pneumomc lesmn. and pneumoruc .nflltrates were obServed Most of these Iesnons were o

o penpheral gnd appeared to mvolve only one lobe. The smal]er lesmns Were 2-3 em in

. _ dlameter and roun ded wh:le the more extensnve ones showed segmental consolxdanon. The-.:f.

leslons were found inall parts of the lung Half of them were of homogenous density whxle o

. the other half were of heterogenous denStty. There was no atelectas:s or apparent excavatwn U

_ on the more extenswe lesions, None of the pauents they Studled had pleural effusmns or

o defmlte hﬂar adenopat‘ny The iesions usually dlsappeared wnhout compl:cauons. -

119 TREATMENT GE C P

Chiamydiae"a're' sensitive to sulfonamides and peoieillin in. cell cultare. Penicillin does not
 affect the penetrauon of host cells by EBs or reorgamsetxon 1o form RBs. but it mhﬂnts
su bsequent binary fission, synthes;s of envelope suhumts ancizmaturauon to form EBs agam. |
Sulfonamrdes mh: hit only chlemydme Wthh synthemze folxc ac;d In general C.. rracfemans
1% suscepti ble. while C. ps:t:ac: and C. pneumonise are resistant. Both C. traehoma_trs_ and
¢, psittaci are highly suscepti ble 10 tetracyehnes. This is the drug of 'choice' for miost
' chlamydlai mfeet.ons. Erythromycm is 1he alternatwe for panents who cannot tolerate
tetracyclmes. eg. pregnant women and young children. €. pneumomae is Suscepuble to
both these drugs, but prolonged, intensive _t_r_e_atment is needed. The _rdcommeoded dose is
2 g daily for 10-14 days or alternatively 115 g daily for 21 days. Even after this vi.goi'ous.
. treat_meot relapses in the.infe.c__tion may oceur. For a second course of treatment, tet:_'a'cycliﬁe .'

-is recommended. Rifampin and related compounds are very effective in cell culture bt are,
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A
not- used chmcally beftuse remstance o these compounds develop qu:ckly, Drugs that'
- penetrate host cells wi

' -._meffeeuve agamst clﬂamyd:ae. Chmcal expenence af ann b:otlc treatment of ch!amydxai a

d:ff:culty. eg ammoglycasides and cephalosporms dre: relaﬂv;.]y'_ﬁ_' o

: :"mfectmns is generally consistent with i in viteo testmg, althmx gh no controlled tn als have 50 .

far been perfmmect Sulfona:m des, PBI]IClHln ampi cﬂlm and Sulfxsoxazole are not ef fective- e

- against C. pn_eumon_me, The ‘diugs of cho:c_e_ for C. _pne.umo:uae infections are _t];erefore

clarithromycin (Ridgway et al 1991), azithromycin (Marrie 1993), tétfacyciiné and

. '::erythromyein. A companson of mm:mum 1nhibltory concentrat:ons (MIC) of d1fferent_'

_ -"antxbmt:cs agamSt C pneumomae mfectmns is hsted in Table L2,
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. MIC'S OF ANFIBIOTICH TESTED AGAINST G, PNELHONTAE

o
o
i

o

Clartthromyetn . 0.007 - {0.09)

. .14-hydroxy—c1arithrm,yc1n - o015 {0,03)

_Er'ythrcunyc'ln T _ag.p‘l:-_- 0,06 '-_{'_'0._5.-)

.Tetracycﬁna o o B.05 -01 s '
"_'nybstracycﬂne - _ . 0,25 _ AR
.'-_'Josamyc'ln _ : ._.0.25.
*Rextthroayotn 0 0 025 |
: zs_psrﬁoxac_‘in 3 ' 0_25' ¢ D-.S_} |
Aztthegmyel w5 o
_ ""_{T_If‘l.'é:i_'tac'l'n' o T 10- _.2;0"”3'_ L
| Cprofloxacin BT 1 S (R

'Spﬁramyc'in IR

j. Trospac:tom,vcin . " '_ o 10 {J_- -— 20.0 .

Peniciiln. .. . > wo_
Ampietilin 5100

- Sulfisoxazole e s

() : MIC when' dmg addad to ceT'Is after' 'ln'Fact;"lon

® t "Shows a discrepancy between results From Codper et a'l
{1991} and other authcrr's ‘Coopar et a1 fourd a MIC .
of_ 0.12 for erythromysin an_d 0.03 (0,06} for azithromycin

Table adaptad from Ridgeway. &t a1 (1991) .and Cooper et &l (1991).

R
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12 THEGENUSLEGIONELLA

Legronnau’es Disease - occm{,‘s worldw;de in sporadlc and epldemlc form and was fu'st:_
recogn:zed after a pneumom}: outbreak mn Ph1ladelphxa m 19?6. The causatlve orgamsm was
'placed in the fan'nly Leglonellaceae, genus Leg:onella. an the basm o macrobm}oglcal
: 1mmunolog:ca1 and genetlc charactenstms, and was called L pneumophda (Brenner et al
: 19?9) RetrosPecuve studies proved that the first L. pneumopbda strain, OLDA, was _
cuItur‘ed in 1947, and the first surain of L. micdadel, TATLOCK, in 1943 (Winn etal 1981). -

Th'e“dl'in'ic.ﬁal éyndrames caused by members of the Legionellaceae are collectively known as -
'. 1eg10nellosm~ and consn stof a severe, off 3 fatal pneumoma called Leg: onna:res‘ stease, and '
a milder, flu-like xllness cailed Pontiac Fever‘ Cutbreaks of Leglonnatres' Disease have been =

- ’-reported from as early as 1957 in Minnesota (Osterholm et aI 1983}, Washmgton DC

'(England et al 1981}, Phlldelpina “Terranova et al 1978) Vermont (Broome et al 1979) and - .'

.'Wadsworth {(Haley et al 1979), The fu'st Pontxac Fever outhreak Was reported m Purmac,
_ .M:clugam in 1968 (thk ét al 1978) '

':_'I"'he South" A'fr'icaﬁ Legi'oﬁellé"RESearéhr Laﬁbtétdfy was fbijndeé in'. 19?9 'iriI'thénnésbﬁ'rgs

' _'_.where. by the early 1980, sixteen aporadlc cases of Legxorma:res D:sease had been_ o

identified. Among lhese were 2 cases from Johannesburg (Kaplan et al 1980), 8 from Port .
~ Elizabeth (Randall et al 1980) and one from Durban (Hanparsad et al 1981) The fxrst _
_ Legwnnaxres' Diseasge outhreak in South Afnca uccurred in a Johannesburg teachmg :
hospital in 1985 (Suebel et al 1988) | ' ' '

121 - CLASSIFICALION

The cgusative agent of I.egronnaxres' Dmease was ongmally placed in the fam:ly"

Legwnellaceae and called Legloneﬂa pneumophxfa The genus Legronella cun‘ently mcludes

. more than 30 specles with a total of more than 50 serogroups, _ Known Legionella spec:es _

are listed i m 'I'ab]e 1.3, L pneumaph:la is respons:ble far 90% of mfectlons caused by the

- family and coritains 14 serogrou ps (SGs) of wh: ch SGs 1,4 and 6 are most often unphcated P
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o in hurnan mfecuons (Yu 1990} L. Jangebeacheae, L bozemam: and L hackehae each'
o centaln two serograups (Brenner 1986) ' ' ' IR '
: Two addltlonal genera, Tatlockia and Flour:bacter, have been suggested for ihe femhy'_ E
' _\_Leglonellaceae (Garrity et al 1980). In this clasmflcation, L. pneumopﬁ:!a stayed in the'-

o '_genus Legionelia, while L. mfedade: was transferref to the genus "I’atleckm and the three_

: blue-white autofluerescmg species, L. bnzemamz, L. a‘umoffu antl L gom:ann, were L

""fransferred to *he genus Flounbaeter The leglonellae however all show more than 25% '
DNA homo}ogy, are isolated by sumlar techmques and antibiotic therapy is the same for -

- | all species. One genus, Legmnella, is therefore generally accepted
{122 ©° MORPHOLOGY

"Leg“’“e”a"' are thin, slow- 8wwmg» shghtly irregular orgamsms. 0.3-0. 9 pm wide by 2- 20 e

- pm lung They Gften appear 1apered at one or both ends, but wnhout the needle~ shaped o

o appearance of Fusobacterium Specws (Wmn et al 1984) Organisms euitured from tissue and - '

- clinical specimens are usually coccobacd]ary, but fﬂamentous forms have been demonstrated _-
o after growth on Certam med:a (Yu 1990) T hey contam an mner trl,lanimar membrane, _a' |
B peplidoglycan ]ayer and an outer tr:laminar membrane hke other gram-neganve bacteria.
" The cytop‘lasm contams vacuoles and r:bosemes and the eells dw:de by a pinching proeess.

~ in which no septa are formed

o Legioneilee'-'a'fe olstigatory aerebee; nos spo’i’-‘e -forming, 'dneneai:sula{ed and'gene'rally non. -
| acid-fast (Brenner DJ 1986) although partlal acid- fastness has been demonstrated in L,
m;cdadez and one strain of L. pneumophila SG 6 (Wmn 1984). False acid-fastness may' :

" oceur resulting in some strains being confused with M. tuderculosis (Yu 1950).

" Legionellae are physically hardy and heat-tolerant, They will survive in distilled water for
up te 139 days and in tap water for more 1han a year at room temperature‘ _The orgamsms
~ will grow and malnply in 1emperatures between 25°C and 42°C, with an opmnum of 35-

37°C. They cannot survive for long periods at temperatures > 50°C (Wmn 1984) )
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LEGIONELLA SPECIES =

- ..P_ATHOGEN'IC | NON-PATHOGENIC

.'L§ anisa - . L. brunensis =
L COL: b:rmmghamens:s L cherrii
i+ L. bozemanii - - | L. erythra
i L. cincinpatiensis. L. israelensis o
o © L. dumeffii - . L. jamestowniensis
Ce o007 7.7 Lufeeleit - Lomoraviea .. . o
e " L,gormanii - . . L,oskridgensis - . i
© L. hackeltae - - L, qunilivanit - - . '
. L, jordanis - L. samthelen51
R _L longbeacheae. I santlcruczs
" L.maceachernii L. spiritensis
L. micdadei. -~ - L, stelgerwa_ltu o
. L.parisiensis N
L, pneumophila . _
) L. rubriluceéns « .
L. wadsworthit = . « -

 (Ratshikhopha 1990)
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123 BIOC'IEMICAL REACTIONS =

-Leg:onella spemes are not easﬂy dzst:ngu;shed h,r mutme blochemlcal tests, but methods
..such 8- gas hqmd chromategrap’hy, colony fiuoreseence on’charcoal yeast extract (CYE)
agar exposed 1o ultrav:clet hght, G+C base ranos and DNA homology can be used _
“$uccessf ull'- Carbohydrate fermenitation tests are. usually negatwe, but the APl ZYM system

(B:o Méneux, Lynn, France) has been. used succes"fully in the past. Most strams and
serogroups of L. pnaumoph:la and L fee!e: are hi ppurate hydrolyms pcsmve This react:on -
: .':s vanable in L. ﬁozemam:, L, mxcdade:, L. dumafﬁ: and sL:ne of the other legmnella‘hke _-:

'_-orgamsms (debert 1981).

| _. Catal ase, peroxldase and superox:de dxsmn:ase (SOD) are not present in alI leg1on=11ae (Pme L

et al 1986) L pneumophua eontams cnly percx ‘dase, L. bozemamz omy catalase and L.

dumoffu both catalase and peromdase. The other legl_onellae are all catalase positive’ or -

< weak FIEIOSi't_i_.Ve- (Winn. 1984}-,: ss'a:ceharolytic, rease and nitrate reduc_ti'on_'nega_tiye_ and .

~ gelatinase and starch pcsitiv'e."()xi:ﬂase is negs't-i've in L, paeumophila but variable in the

 other speéies (Yu 1990) Al spemes except L, oakr:dgenszs are motile {Brenner 1986). The .

beta-lactamase reaction is pcszltwe in L. mrcdade;, L, fee!eu and L. maceacbemu (Yu 1990) :
E Thorpe et al (1981) detected extracellular protease, phosphatase, hpase, ribonuclease and
' deoxynbonucleaSE and ‘B-lactamase in L. pneumophila  while: elastase, c’bllagenase, '1_ |
'lecnhmase, hyaluromdase, chondromnsse, neuram:mdase and coagulase were absent, and. . .
) a amylase acnvny was weak Legxoneﬂae appear to’ possess deearhOxylases for lysme and

ormthme, or an argmme dehydrolase (Brenner et al 1979)
124 NUTRITIONAL REOUIREMENTS

: Legmnellae are chemo organctrophxc and use amino ac1ds, catabohzed threugh the Krebs.-' '
ycle, as thelr main source of carbon and energy (Yu 1990). These ammo aclds include

| argmme, isoleucine, Ieueme, methxomne, threomne. valme, phenylalamne and tyrosme

: Most straing requ:re serme that can be used as the sole source of carbon and energy and

some also- requ:re proline (Rcwbotham 1989, _Tesh et al 1983) In addition to the ammo |
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" _aclds, several other carhon SOurces were shown to stlmulate oxygen uptake, for examplf
glutamate, pyruvate, Iactafe, acetate SL(:Cmate, fumarate and ‘eitrate (Tesh et al 19063)."

: Pyruvate and acetate are mccrporated mto theli pm»aontammg cell frat:tmns. Threomne af:d

| tyrosme st.mu%ate oxygen uptake of leglonellae, depandmg on the med:um used for culwre. )

. Bac*ena such s Neisseria, Campy!obacter and Legmnella are suscepuble to-the aciion of -

; peqoxxdes and .S‘:}peroxldesthat are generated by exposure of the culture mediuia to h_gh_t. -

- L-cysteme and iron salts are. crmcal for growth of all legmnellae. although L. pneumopmfa =
 can Brow over a broad ran g of jron concentrations. Un der condmons of iron depnvat:on._ :

. the lag phase of the orgamsrn is mcreased and cellular morphoiogy is affected gwmg rise -

~ “to short, coccobac;llary forms, Long slender rods are formed when the iron ccncentratwn

in the medium Js high’ (R:stmph et al 1981), The. act:vated charcoal in buifered charcoal_':

yeast extract (BCYE} and charcoal yeast extract (CYE) agar can absorb and detox1fy fatty '

.amds and oxygen radacals, theraby preventmg the oxidation of cysteme (Yu 1990), while -
 the addmon of a- ketogluzanc acid; and pyruvate in CYE agar and broth medla sﬁmulates :
. the productmn of oxygen- scavengmg enzymes to promote growth (Winn 1984 Pme et al _
- 1986) The presence of selemum m broth cultures will increase and the ehmmatzon of .

' '_magnes:um and potassmm will decrease gmwth {W'nn 1984). Catalase. -peroxidase - and. -

' Supemx:de dismutase (SOD) in broth medium does not affeet the growth of Iegloriellae, and
hydrogen perpxxde and oxygen have no ‘effect on- their metabollsm (Pme et al 1986)

Althuugh the requlrement of glutamate for metabohsm is eontrovers:al radxolabellmg

studies  have shown. that n is rap:dly mefh‘aohzed ‘and evenly distributed in all the celI'

fracnons (Tesh et a1 1983), Sugars are metabolized pnmanly by the peutose phosphate and

_ Entner-Doudoroff pathways Gluco»e and glycerol are presant in both the 11p1d and

. polysacchande fractions of the cell.

125 CELLULAR MEMBRANES

The"ce]]u’laf membranes of Iegionellae are similar to those of other Gram negatiiée bacteria

and consist of two trilaminar membranes. each 75 A wide (Chandler et aI 19?9 Neblett et

-al 19'?9) Between these two membranes a f1ne peptldoglycan layer is wmble by electron

_x_n_xcmscopy after plasmolys_:s or. papain treatm_eni_:. The _twq _layers can be aeparate_d by
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sucrose- densxty gradlent centr:fugauon But Aot by treatment with detergents (Gahay et a

: 1985) The outer- and eyteplasmlc membranes of leglonellae have d:fferent protein prolees,}

hut the Pnzymanc act:vrty and 2 keto 3 deoxyoctonate (KDOJ eontent is sm*nlar. o

L""mfcd.ed'e:’ contains an unusual, el’ectrbn'dén"se layer' between the two trilaminar - .

membzanes. The slgmfxeance of thlS layer is unknown, but rnay e relaterl b me aeld-'

. fasmess of the. orgamsm. Complex 5urface structures, resemblmg capsules and eontammg L

_ mamly polysacchandes, have been demonstrated .in L pneumophﬂa. The superf:elai__

'armgens on these structures are dlfferent frcm those normaily found in' capsules and

o rmgrate in’ the opposue direction from most. bactenal polysacehmdﬁs When sub jected to -

) .cOunterImmunoelectrophoresls(Wmn 1984), Memh*‘ane -bound grauufesthatresemble beta~
o Shydroxylbutarate granules have also been demonstrated in legmnellae (W'nn 1984)..

126 FLAGELLAE

‘Most: Legxoneila spemes and straing. pnssess smgle polar flagellae and fsmnnae on pnmaryi_ _ .

isolation (Hebert 1981, Yu 1990_). Fl_a_gellated er.gamsms are usually_ shor_t forms (Chandler o

et al 1980) and d:'}vfdin'g organisms are seldom flagellated, Curled flagellae have béen o
demon.'st'tated by light miordseogy, .Bu't ﬁd‘t'by elec.troﬂ'n'iieroseopy'(Chan.ﬁler' et al '19'80). :
Fzmbnae are about half the size of flagellae. (appmxlmately 10-11 nm in d:ameter), ure ..
sl:ghtly coiled and bent at irregular intervals, similar to f,lm‘bnae found m P aeragtresa, _
_ 'and have been demonetrated on L pnenmop.&xfa strams Togus 1 Phlladelphm 1,2_

' Bloomingten 2, Indnanapol;s 1 and Pont:ac 1 after grewth on CYE agar (Chandler et al _
1980) '

17 " CHEMICAL COMPOSITION

~ The cell walis:o_f Legionellae contain distinctive fatty acids, of which_ 80 90% are branched -

~. - chaiti, containing Jarge amounts of ubiquinones with more than 10 isopreres in the side

chair, that are relatively uncommon in gram negative bacteria except in Thermus éq.uat:"_c"ué
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' andathermophthc f]avnbactenum (Brenner 1986 Ehret et al 1986 Moss et al 19??) These' '

L fatty achs are more common m _gram posmve bacter:a l:ke Lnstena, Po.rpmmbaz,:tenum,-:

o Bae:llus and Staphylococcus srﬁvec:es (Moss et al 1977) The htgh hpxd content present m '
) leg:onellae is: elso unusual ébr ‘gram negatlve hactena and contmns phosphattdylcho]me. o

' Predom:nant fatty actds founu in legtonellae mclude Cl 16: 0 C315.0 and Cal'? ] (Lambert_ S

x ‘st al 1989. Ehret et al 1986). 'I‘race amounts of hydroxy fatty ae:ds are present in 50% of L

Leg:onel‘ia spec es. Ub:qumoues Qll and le are major components inL, pnaamopm}a and ;

w

Q13 IS present in small quantmes (Brenner 1986, Ehret et al 1986)

128 . ANTIGENIC COMPOSITION

o The antrgemu eomposx,t:on of Legmnel!a Specaes is complex At least 35 dtfferent {-'arnily-» .

L genus spectes and type spec:f:e anttgens have been descnbed (Colhnh & al 1983) The '

majonty of thesa anti gens are located in the eapsular—hke envelope matenal, on the cell - -
- surface, that contams 35% carbohydrate, 2.6% pretem, 1.8% phOsplmhpxﬂ and 1% KDO.

- {Smith etal 1981) The major outer mentbrane prmem (MOMP) issimilar in t‘all legmnellae _
" It has 3 molecular we:ght of 24- 29 kDa. accounting for approx1mately 90% of the sarkosyl-. '_ -

'msoluble membrane fraction (Ctec:elskt et 2l 1986, Ehret et al 1986). The Legmnella MOMP o

s associated with- the peptldoglycan layer [slrmlar to the E. eoli K-12 OmpF OmpC and
o LamB porms} and forms ion- permegble ehannele in coutaet wn‘.h the hptd membranes '
e (Gabay etal 1985) It can be partly dtssoctated from the pepndoglycan layer in the presence
“of h:gh salt concentrauons (Hindah! et al 1984) '

The Legtonella an gens fa11 in the molecular welght range hetween 20 and 70 kDa (Ehret.
et al 1986) The role of individual antigens in pathogenests is still unknown, L..t they are_'_ _
1mPhcated in attachment 10 mucosal surfaces, antt body bmdm I:4 and phagocytos:s {Pearlman
et al 1985). The complete chemtcal structure of spectes- and type-spemf:c anttgens is not -
'knewrt, but it is suggested ‘that they are respon51ble for the coﬁmg phagocytos;s
characteristic of Legionella species (Ctecielski et al 1986) o
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1280 GROUP-SPECIFIC ANTIGENS -

or

Anugens of 24, 43, 58, 61~ 68 aod 154 kDa are. present in ) el Legmnena specxes (Sampson' .
et 2l 1986) The 24 kDg antlgen is umque ta legxonellae suggestmg that 1t may have both
genus- and spec:es -specifie determmants. Anugens of 44 and 9? kDa are present in some’._ )

of the Ieg:onellaé

The maJor component Of tha 5pec1es-speo:f1c antlgen has a molecular wexght ot‘ 29 kDa. 1s' L o

heat-stable and is only parﬁy exposed on the \..ell surface. Exposure can however be-..

inereased by treatment with detergenn nd EDTA (Gostmg et al 1984). The 11, 19, 25 and' R
.88 kDa antigens are also. specaes Speclflc (Ssmpson st a1 1986) [281] and the 19 kDa anngen S

&

' ls sensnwe to fo.'malm.

1283 . - TYPE-SPECIFIC ANTIGENS
'Type-specific'an'tigeﬂs':'fare high moléoular : ir'.rsight,' prdt'ein' car'boh‘y'dr'ate"'lipid ooao'ibléxos -

contammg the major branched .chain fatty acids: and enzymes like' hemolysms, protesses, -

' esterases. phosphatases, ammopeptzdases and’ endonucleases The ma;onty of type~spec1flc_' -

antigens contam small amoums of KDO. They are sltuated in the 11popolysacchande (LPS) - -

patt of the orgamsm, consist of pr:d A and resem ble the endotoxm of other. gram negative "
- bacteria like 8. minnesoia, C. bumstr: and. C, psittaci (Ciecielski ot al 1986) “‘Whether the
LPS of all L. pneumophda strams is sumlar is not certain (Wllkmson et aI 1979) The
| so:oauo (0) anngens are snuated m the LPS. ' ' '
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1284 CROSS-REACTIONS

C-ross'-fi'eaotiohs _ha’be _beén' t__lembns't_'rat'ed 'bo'twe'eo_ Serogroups, species and ﬁr_ith :ontigens of
-ot'her' graﬁi negative bacteria fw'inn"l§84j for éxarhpl’e between antigens of L. pn.e.um.ophﬁa _
SGI and L, bazemam:, L ‘dumoffii, L gormanu and L, micdadei (Colhns et al 1987
Gosnng et al 1984), Cross-react:ve antigen fracti ons are eomposed almost eutxrely of protem

(Pearlman et al 1985), Winn (1984) Suggested that eross- reactions oecur mainly betwean o

flagenar anngc.ns. All mot:le strams hava a common flagellar am: gen and mterspecnes cross-

reaouons oceur often {Brenner 1986) No cross-reactions have so fat been demonstrated '
between the 24kD protein of L. pneumoph:fa and Pseudomonas spec1es, FlaVOhactenum, -
Pasteurella, Haemophﬂus Acmetobacte; and mycoplasrnas Bo:lmg can decrease the number o
of cross-raaoung anugons in sero]oglcal tests but hecause some of the antlgens are ‘heat

stab]e, cross—reaonons may st:ll occur (Bangsborg et al 1986)

Leglonellae are genetically heterogenous with DNA relatedness between the drfferent o

o ~ &pecies rangmg from 0~ 67%. The G+C content of I.eg:onellae is 39% and the genoma mze.'

2.5 x 1(}9 (Brenner et al 19?9) "Phe DNA from L. pneumopb:fa is d:fferent from that of
other gram’ negatlve bactena, wuh} the 3' Half contammg sequences that are hoznologous to .
the DNA from all the other iegzonellae and the 5! half showmg homology to L, pneumop}u!a 3
strains only (Engleberg et al 1986) |

Plasmids play ant important role 1ﬁ the hiology of _pathogonic_ hao_teria and have heen |
" demonstrated in most Legioneila-' species.(Aye et al 1981; Johnson et af 1982, Mikeshell et
~al 1981), The genetic information for producing toxin's,'. surface -antigens inﬁoived in -
adhesion, invasiveness, 're'sistanoé to antih.imics.' substrate utilization and the abillity to.
colomze human tissue is often encoded on plasmlds {Aye et al. 1984), Plasrmds are widely
used in the 1dent1f1canon of legionellae (Brown et al 1982. Chen et al 1934, Nolte et al ..
1984) but at;empts to transfer plasmids either from or between ’che_ Legonellae have so far
_been unsuecessful (Chen et al _19_82_1). ‘Large plasmids, sized 60 - 80 daltoris have been
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. demOnstrated in most Lag:onella Specnes (Jahnson and Schalla 1982 Nolte et al 1984) These'__: o
o -'plasmlds are Iarge enou ghta con ) several genes as well as l.mstable. transposable elements :

© - which may account for the dnffe!*ences in molecular wexghts among strams of the orgamsm L

: (Aye et al 19&1)

Ep1demloing1c evxdence su ggests that certam plasm1d contalnmg strams of L. pueumc;pb:}a o
h “may be less wrulent than those without plasmlds 1solated from the. sdine env1ronment {Chen .

. etal 1984) “Virulence of L. pneumoph:!a to guinea pigs hOWeVer does. not appear 1obe

_plasm:d-medlated (Aye et al 1981) and strams both wrth and without plasrruds have been

- 1solated from climcal speclmens. su ggestm gthat the presence of plasrmds does not mfluence .

pathogenec:ty or anum;crob:al resmtance (Jchnscm et al 1982).

' _i‘.2_.10_ LEGIONELLA INFECTIONS |

\\

: ___Infecuons caused by legmne]lae are ca]lect:vely known .as 1eg;onellos1s and mclude-'--.” o
. 'Legmnna:res' Disease and. Ponnac Fever (Dowling et al 1984, Maf‘Farlane 1989), although
- subelinjeal mfecnons have also ‘been reponed(G:rod et al 1982},Leg:onella infections oceur -
' worldmde. in people of all ages and rhce groups(Boldur et al 1986 Kaplan ata11980) with - |
" no evidence of personrto person spread of . infection (Kurtz 1988) ‘The mode- of_' '

' transmxss:on, mocu]um mze, parucle size and host suscepublhty appear to mfluence the

_sevemy ‘of the infection (Girod et ak} 982 Yu 1990)

A seasonal dlsmbutmn of Legionella infecuons has been reported, with more cases bemg

1dent1f1ed during summer to autumn (Broome and Fraser 1979, ng st al 1991, Tobmnsky _
3 etal 1986), This seasonahty can be explamed by the fact that there may be more non-viable

cells durmg winter months, or legionellae may undez'go 8 perxod of 'nutrient-stress’ durmg

Wmter-sprmg, when they may remain viable but cannot be cultured (chbmnsky et al 1986),

. A sumlar viable but non- recoverable stage of existence has also been demonstrated in V.

chn!erf and S entezftrd;s
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212001 LEGIGNNAIRES DISEASE -

“_L'eg'iohnai_res_‘ !;_)i.soéso r.éférs td' tlte pneﬁmonia".causéd .mai.nly by L ;un_e.uxz'topfsza'.and L.

_ Jtn’:‘c‘dédef (Winn 1984), L, micdadei inféotion is alsotéféfr’ed to és'P’itts'b'urgh p';ieu'm'onia.

:. and accOunts for approx:matoly 6 - 20% of Legionella mfections in the United States .
. {Edeistein 1987, Sehwebke ot a1-1990). Leg: onnaires' stease is usually ca.used by mhalatnon

of droplets contammg viable leg:onellae srnall enou gh to ent.er the lungs It has alow attack o

rate with ratio of 10 20% in sporadie cases (Ager et al 1983, Kurtz 1988) A mortahty rate

B ~of 12% in. Brtttatn and 15% in South Afrtca has been reported but rnay be &g hlgh as 50% '_

wuhout proper treatment (MacFarlane 1989, Zumla 1988) Legxonnazr«‘eg Dtsease may have .
a sudden or a gradual onset (Kaplan et al 1980) and an incubation per:od of 2-10 tlays has._
'_ been roported in aptdemtcs (Blackmon et i 1981 Kurtz 1988)

121001 . SYMPTOMS -

Legionnaires Disease is vsually a severe myltisystem disease with p'neumon_'ia as the most '

predominant clini¢al finding. Symptors rj:fay'ran_g'e from a mild cough '_ond-_ slight fever to
' ..acoma'wit‘ idespread pulmonary infiltrates and'multisystém'failure. Clinical features of

' the disease are similar to those of other pneumomas and may ]ead to formation of lung

s _ abscesses (Shapuro 1986, Yu 1990} No symptomat:c dtfferences hetween commumty- and

. nosp1ta1 acqtured cases have been reported to -date (Rozg et al 1991) Asymfitomat:c _'

fitfections have been reported and oceur more frequently in L, m:cdade: infections than in |

- those caused by L. pneumophda (Finch 1988, MacFarlans 1989, Roig et al 1991), Surv;vors .

uSual]y recover completely although lung fi brosis and some neurologtcal abnotmahttes such

as ataxia or amneésia occastonally persxst Spontaneous recovery has been reported m a faw:
~ cases (Randall et al 1980). _

o During the- First 24-48 hours of illness the symptoms are usually nonspecific and include

fever, chills, malaise, yalgza, anorexia, dyspnoea and rales (Blackrion et a] 1981, Broome -

et al 1979, Grady et al 1979, MacFarlane 1989, Roig et al 1991, Yu 1990), A rmld, shghtly '

productive cough may occur. In some panents chest_ pain is a prominent feature and may
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'be 1he only syrnptom besides fever in L m:cdade: mfecucms (Schwebke et al 1990) Nausea, g
. vumxtmg, abdommal pain and severe dmrrhea have been reported (Muraca et al 1988 Yu.__' o
1990), o ' ' B

‘Muscular, renal _af_xd ‘cardiovascular symptoms, inCl_uding__p'ericarditis.: ﬁ&elqnéphritié,
: peri_ton{ti.s', pancreatitis and endocarditis may oceur with hypoignsion'and bradycardia also
- reported in 4 small percentage of patién\_:s..'(ﬁournon.'et- al 1882, Shapiro 1986, Winn 1984;

Yu 1990). -T_'he__séfeer_l_- _m:ay_b_e enlarged m some cases (Winn et *. 1981), No c.nloniz_a_n;on_qf

. the oropharynx has"begn’rép@med'to date-(ROig_'é't al 1991), N_eti_i‘ol'ogica'l s_yn_'i'p'toms. rénge -

| | from headache in 30~40% of patients and lethargy to et . aldp’af;hjr_ with conft_ision- anid
delirjum in 20-30% of cases (Brooms et al 1579, Davis et al 1985, Yu 1990). Specific organ -

a " damage in the absence of pneumonia has been reported (Shapiro 1986),

121012  LABORATORY FINDINGS

Laborato'ry' findings in Legionnaires" D:sease include ab‘nbrmal' liver function, |

hypophosphataem:a, haematuri 4, raised serum ure.a. hyponatraem: By hypoalbummaémra and

proteinuria (Macfallane 1989, Broome et al 1979, Yu 1990). The CSF is usually normal

..(Kaplan et ai 1980) but blooﬁ nitrogen, urea, erythrocyte sed1mentat10rv rate, serum
- gluta:mc oxalacenc transaminase and serus hepatm enzyme concentratmn are usually:
raised, and serum sodium and phcsphorous are decreased i in some cases (Broorne et al 1979),

- Mild to moderate Jeukocytosis with a shift to the left is common and lymphopema s
sometimes presem (Broome et al 19?9 MacFarlane 1989). The concentratmn of selenium
in the serum is considerably lower during the acute phase than during the convalescent
phase of the disease (Chen and Anderson 1979). Organisms’ may. be present. often in large
numbers, both intra~ and e_xtracellularly in neutrophils and macrophages and_ can be
' demonstrated by silver impfegnation stains. Al'th'ough' the clinic_al presgﬁ{atio'n of
I;egicinnaires'_' Diseasf_: is nonspecific, factors. like hy'ponatraémi'é. large numbers of
~ neutrophils pfesem in Gram stains with very few (if any) organisrﬂs, fa'ihire' 10 respoﬁd to
B-lactam ém’ibioﬁ;‘:s (eg. penicillin and ggphamspori;’;s) and. _éam'ind_glyéosides_. and

contamination of the water s_upply by legioﬁéil_aé: may be _'Ii"elpf_u_l in diagnosis., -



1.210.1.3° : RISK ' FACTORS

Legionnaires' Disease occurs in péo.plé of all ages but is more commch--in_ peqple_ over 50 .
‘years, The median age in most outbreaks is 55-60 years (Broome et al 1979').'Men_ ari_a more.
Jikely to be infected at a ratio of 31 in both outbreaks and sporadic 'cases, v(rith' most

reported cases in the 40 70 years age group (Boldur et al 1986, Kurtz et al 1988) Althcmgh_

Storch et al {1979) reparted a 14- fold lower risk of sporadic Legmnnmres Disease m_ o

- caucasians than in other race groups, the raclal distribution of the dlsease is generally
: consfstent wu.h that of the populat:on mvolved (Broome et al 19’?9). Accordmg to Mu]doon '

et al (1981), most reported cases however oceur it white males.

' E Other risk factors for Leglonnaxres' Disease include smokmg, alcohol abuse, mahgnancy, "

: d:abetes, chromc respiratory. d1sease (eg.. asthma), - chromc kuiney dlsease and
_.xmmunosuppresauon (Ager and kaner 1983, Berlin et al 1982, Boldur et a.l 1986, England
.and Fraser 1981 Grady and Gllfl“al'l 19?9) Immunosuppressmn is also a nsk factcr in
children and asthmiatic chxldren have been found to be. highly suscepnble to Legmnella
infecnun possnhly due to their treatment with corucosterm ds (Boldur et al 1986, Schwebke -
etal 1990) Legionnaires' Disease often occurs in heart, kidney or- bone marrow transplant -
patients (Schwebke et al 1990, Wmn 1984, S‘napr:o 1986)

121014  CHEST RADJOGRAPHS

Abnormalities in chest radiographs usually oceur from the third day, are seen in 290% of
cases and are similar in L. pnevmophils and L. micdadei infections (Schwebke et al 1990)
although Roig et al {1991) reported differences in the radiological features of the two

~ infections, In most patients initial :nvolvement is unilateral, predominantly in the lower

lobe (Kaplan et al 1980) but bnlateral involvement has been described (MaeFarlane 1989,
| ng-et al 1991), Initial densities are poorly marginated, homogenuus, rounded, occur elt_her :

on the periphery (Yu 1990) or in the centre of the lung (Kaplan et al 1980) and mﬁ} be
| mistaken for pulmonary infarction, The penpheral densmes enlarge dunng later stages of

the disease with a typical ground glass appearance or demse consolidation. Total
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opamf:cauon of the lung has also been descnbed (Kaplan et al 1980) Pleural effus:ons are'

seen m 24~ ~63% of cases r“msed by L. pneumon:fa but are uncommon in L. m:cdade:'-..
' mfect:ons (Schwebke ét al 1990) Cavxtatton accurs mostly in tmmunocompromlsed patlents' '
| :and :s rarely seen in L. micdadei mfecnons (Broome et al 1979, Kaplan etal 1980, ng ot .'
- al' 1991, Schiwebke et al 1990). Hilar adenopathy seldom oceurs (Yu 1990). The extent of
radio'gr_aph.ic infiltration does not .aq_rrela:té wéll-.:_'v.'r_ith- the 'sa've_r.i.t); of the disease, but
correlates 'wfth the présenics of L. pneu}ﬁaphﬂa m sputu'ni. _ The tim'e'réqﬁfrad to ahow '
'cleanng of :nfxltrates on radmgraphs is vanable and may range from 1-4 months '
(MacFarlane 1989 Yu 1990) Some patlents show dlffuse alveolar damage

”'Pulmonary lesxons usually cons:st of a rmxture of neutrophﬂs and macrophages, flbrm, _
protemaceous materlal and. red blood cells. Neutrophﬂs and rracrophages are frequently :

_present in the centre of a lesion with mamly macrophages around the penphery.'

Intraceliular bacteria are présent in both neb l.fO]JhllB vt nacrophages Furiher away from . - |

the sxte of acute mflammatlon, bactena are mamly seen msule the macrophages (Winn et
- al 198]) ' ' '

: _1_.2.10.2 - PONTIAC FEVER

_ Pontiac Fever Is an acute, se]f-liihiting, flu-like illness without symptoms of pneumonia.
An outbreak caused by L. Feeleii was described in 1981 (Herwaldt et al'.19.84').-. It oceurs in
all age groups, both sexes, and is more prévalent during summer months, Some authors
suggest that it is a 'hypei'sénsiti\éi-ty'pne'a_nionitis ‘caused " either bj: infection with
Acanthamoeba filled with legionellae (Vandenesch et al 1990) or as a result of a toxic
reaction to the organism (Muder et al 1986). The_'incubafign p_e',riod_in sporadic cases i_'s_'.
unkoowa, but rangea from 5 .'hdu'rs 10 3 days'.d"ufing o'utbreﬁks '(Kai:lan et al 19890,
MacFarland 1989). The attack rate may be hagher than 90% in some cases, but the fatahty

__rate is Iow with no fatahnes reported to date (MacFarlane 1989 Kurtz 1988) -
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_ Predcmmant symptoms resernb]e those cf mcderately severe mfluenza and mclude malmse.'_'. _'
-'myalg:a, fever. ch:lls, cough mzzmess, chest.and joint pam and headache. Neurclcgwal_ -
_ sympto'ns include confuswn, phctophobra and 1mparred coordmancn. A small percentaga

of pataemts also’ snffer from dry throat, scre ‘eyes, abdommal pam, coryza, drerrhoea and

- anorexia (Biackmon et al 1981 thk et al 1978). The - symptoms usually resolve" -

spontaneously wnhm one week, “only. symptonanc treatment is needed and the chest o

radmgraph is clear. Mocerate leukocymsns is the only cms:stent laboratory fm dmg (Broome
et al 1979) There 1s no ev:dence of secondary spread of the orgamsm in Pomlac Fever.
: D1agﬂosns can only be made by seroconversmn wh:ch may - be delayed for up 06 weeks

- after oniset of symptoms (Muder et @l 1986) ' '

' M:cro organxsms are norma!ly cleared frcm the upper resprratory tract by the muccc:hary :

- process of cilia on the resplratory ep:thehal cellr., The adherence of L,. pneumopm!a to s |

respxratcry eprthehal cells has flot been studled to date, but, the organmms possass f:mbr:ae ._ o

that are kncwn 10 cause adherence of bacteria to epithelial cells. Symb:oms betwesn. normal

flora of the oropharynx and legionellae has been suggested. althouf'h -colonization of the N

. 'cropharynx has not been demonstrated 10 date Yu 1990) Cell medlated smmumty appears .'
to be the primary host defense mechamsm against Legxonella mfectmns (Horwitz 1983,
_Schwebke et al 1990), .

L2411 CELL-MEDIATED IMMUNITY

L. pneumophila is phagocytosed by a mechanism called "coiling phagocytdsis" in which the
phagoeytic pseud'opodia-are coiled around the bacterium as it is 'ingested. Either live, -
formalin-killed, gluteraldehyde-krlled or heatvl-:xlled bactena can be phagocytOSed
| _(Engleberg et at 1986, Horwitz 1984). The resident alveolar macrophage is the first and
probably the most important phagoeytic cell that legionellae will encounter. A vacuolar

'phagosome is formed containing the organisms. This phagosome is surrounded by smaoth
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_Ves:cles, then mitochondna, and fmally xl bosomes. The phagosome hcwever does not fuee'_:

B wuh the ri bu-somes. alluwmg the orgamsrn to escape their mlcrobtocndal effect and to

: cnntmue multtplymg unttl the cell ruptures. The freed bacterla are now phagocytoseﬂ by' o

- newly recrujted cel]s and the process repeats itself. Phagocytqsts cf leg:onellae :s enhanced o

o '_by the( presence of - spemf;c Opsomsmg anubody (Yu 1990}, but L. pneumopmla is

| . complemiy res:stant 16 lel fig by hu man phagocytes and comp]ement, even in the presence . -

of h:gh titres of speclftc antmody. o

: PnlymOrphonuclear teukocytes and monocytes are now recrmted frorn the blood stream. :

' _'-prohably by chemotactrc factors dertved from the a!veolar macrophages cr the mfeetmg L

orgamsrns. Thls recrultment starts wtth an mflux of neutrophxls but with the transformatton
Cof monocytes to maero phages, the numbers of neutrophtls and macmphages beeome roughly o
- 'equal Leglonellae are mgested sufflctently by neutrcphils oxily in the presence of. spec:ftc
o annbody or cenplement (Yu 1990). Phagocytoms is medtated by complement receptors on
.I the monocytes Legtonella fleS complement CS vid the altermattve pathway C3 acts as a.
ligand on the baetertal surface that becomf:s svatlable for bmdmg 10 the monon;»ta receptor

The mononuclear cells prohferate after mt“\btzon and manocyte—actwatmg cytokmes,_ _-

'.mcludmggamma mterferon and mterleukm 1 areproduc»ad Although act:vated monocytes... .

and alveolar mat‘:rophages mhtblt intraceliular multtphcatton of legtonellae, they do not" o

_ stimulate killing of the organisms. Lymphokine-activated macrophages are moss active

against L, pnéamaphﬂa than against L. boeeménf:_' in vitro (Jaeger et al _19_'88}.. '

_"I’he phagoeytosm of Iegzonellae by polymorphonuc]ear leukocytes is fnllowed 1mmedtat§tly o

o by an. mcrease in oxygen consumptton and. in glueose utahzatlon through the hexose

' monaphosphate shunt, The pmductton of NADPH reflects the actxvtty of a membrane_ 2
asaocnated superoxlde generating enzyrne that is acttvated by, or during, membrane

depolarization. This depolanzatlon ean b_e md_uced by either pha_gocytosm qr by other__:_
e_hemical or p_hysical.i.nteractions with the p.ahag.ocyte.membrane.. Although_legibnellae are _
susceptibie to oxygen—dependertt microbiocidal sy.f.s_tems- in tritre, they eppear_ to resist kitlin g 'ﬁ
by potymOrp'honueleer leukocyies in vive. Ne intracellular replication oceurs within the
polymorphonuclear leukocytes. Natural ktlIerceIls, trlggered by mterleukm -2, will however o

kil mononuclear cells mfected by L. pneumonua. -
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12412 . HUMORALIMMUNITY -~ . .. - . . o

The anubody responSe to Leglonella 1nfection ig polyclonal and annbodles of the IgM IgG B |

and - IgA classes are formed Anubodles can be detected by techmques like md:rect- .

:mmu.;:ofiuurescence and the ELISA test ((‘iec:elsk: et al 1986 ‘Winn 1984), As d:scussed _

_ -:earher, one of the malor anngens in L, pneumophﬁa is the LPS wh;ch contams_". :

| _ carbohydrate asa ma‘;or consmuent. Spueific ant:bod;es are produced agamst tI 3 LPS in -

98% of Legmnella mfect:ona, but also to a var:ety of i mner and outer membrane protems .

o (Gabay et al 1985) Asi 1s uften the case w:th ca.rbohydrate antngens, the i mmune response e

in Leglonella mfecuons is dommated by IgM. The chmcal role of the annbodles produced S

' 'agams: L, pneumop.h:!a is not clear. but they do not inhibit intraceliular multiplication, ot =

- promote killing of’ the orgamsm by phagocytosss. The presence of c;rculatmg antibodies”

'does not always protect the host agamst L. pneumaphda mfectlons (Brown et al 1982) and |

. _"may even be counterproductwe o .the immune response by :ncreasmg the uptake of
_ '.legmnellae by mononuclear phagocytes, _where they can multiply fur‘ther, m some cases :

' ..(Horwuz 1933) ' ' I |

: _'I‘he a'rnﬁu_nt __énd ._éersismence of"d'etec:téble' antibody pfoduced by _{Iﬁdividua'ls is vanable
o (Fallon etal 1987, Nagihgion 'ét al '1'9?9)' Patién’fs may tfé\}éiop- an antibodjr' réspoﬂSe within'
1. 2 weeks afler onset of Sympmms. but cases have been reported where an antlbody -
l're5ponse never ocgurred, even in cultura-prover. Legmnnaxrea Dlsease (W‘ inn 19843, AB
many ‘a5 30% of patients with primary - Legmnella mt‘ectmns will produce only IgM "
' (Z1mmerman et al 1982), wh:le in secondary mfectmns IgM is more hkely to be raxsed than |

E the other classes and may persist for as long as a year after the mfectmn has cleared, Most.

- ) pauents wnll however develop IgM followed by IgG during secondary mfectwns. For the

first 30 days after onset of symptoms. 1gM is usually h:gher than 156 (Herbnnck gt al
1983). Very few patlents with active digease will develop only IgG or IgA (Winn 1984,

Zlmmerm_an et al 1982). The IgM_response ‘appears to be more specific than the IgG

response in Legionnaires' Disease and may therefore be valuable to distinguish it from .
j:sittaci infections as they are diiﬁcally very similar, Stu dies have .shown ihar. patients with -

Legionnaires' Disease also produced 1gG .against"C. psittact but the IQM responsd was
spec»hc (Lattirner et al i9?9) Seroconvers:on can usually be demonstrated after 21 days _
but antnbodles may take as iong as 6 weeks ta. develop l‘n same populatmns up to 26% of
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_mdw'duals huve enubod:es 1o L. pneum oph:la, Wen in the absence of prewous pneumoma
(Wmn 1‘984) N ' o '

| 12.12 TREATHENT OF LEGIONELLA INFECTIONS |

Legioneliae are susceptible to a variety of antimicrobial agents' in vitro but most of thege -
drugs are clmmally meffectWe because Ieglonellae are mtracellular pnthogens, end are

therefore protevied agamst dmgs with poor ¢all penetrat:on (J: aeger et al 1988, MacFarlano '

' -'1989, Winn- 1;84) Dlscrepanmes ‘between the in- vitro and in: vivo suscepv bility. of
- leglonellae n‘ey also oe reIated to the low pH of the media user.l for in vitro susceptibility
tests, “that- may bmd some anti biotics. The rmmmum inhibitory concentrat:ons (MIC‘s) of
| most. anub:onos are mecha depen dent and are usuaily h1 gher in charcoai yeast agar than in

: .._Mueller Hmton agar and may mfiuem.e the results of suscept:bxhty tests (Yu 1990)

‘ Erythromycm and nfamplcm ca;. penetrate alveolar macrophages, thereby ml-ub:tmg

-+ intraceltular L. pnenmaph:fa o:-gamsms at very Tovi extracelfular le\*e‘s [.Taeg*er et al 1988) o
Erythromycm is therefore Tegarded by most authors as the dru g of choice aricl can be uSed '

- -_successfully in both unmunocompetont and :mmunecomprom:sed pauents Erythromycm_

plus second or third generat:on cephalosporins appear to be the most effectlve therapy in

: patlents with severe preumonta, espec:ally those more than 60 years of age or SUffermg
from’ deb1htatmg dlseases such as alcohohsm or dhronic obetructlve pulmunary dieease’

' (Pachon et al 1999). The recommended z‘losage for erythromycm therapy is 2-4 g/day, .
elinical response is usually seen in 3-5 days when_ the dose should be limited to 2 g/day for
at least 10-14 _deys; or up to three weeks in some eases { Kaplan et al 1980). Side effects of
er).rth.ror'r_l'ycin therapy at & Adnsage of 4 g/day include ototoxicity which is reversible with

' discontinuation or decrease in dosage (Yu 19'90) It can be taken orally except by se;iiously_' L |

it} panents but the gastrointestinal dysfunctwn present in some pat:ents may compromme

| absorption when taken orally, Ri fam picm is recommended as an alterna sein pat:ents whe

. 'do not respond o erythromycm treatment but should not be used in sporadie, unconﬂrmed :

cases because the bacteria may become resistant (Kaplan et &1 1980} Sxmultaneous use of

the nvo ant:h:oncs is recommended in confirmed oases (“'u 199"\
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anolone agents such as clprnfloxacm and perfloxacm are ’very actwe agamst leg:onellae'

“in vitro and in vivo 1n some ammal models {MacFarlane 1989. Yu 1990) They penetrate - -

well into phagoeytlc c.eils and ‘have the advantage of 1uw toxxmty. Tetracychnes (espec:ally. B "

.doxvcyclme},1m:penem/c:laswtm, c1profloxacm chloramphemcol have been used relatively

' succﬂssfully {Kap]an et al 1980).: Tnmethupnm-sulfamethoxazole has been used with
- Suecess in panents with P1 ttsburgh pneumoma who did not respond to erythromycm therapy .

) Alfhoﬁgh cephalb'spbﬁﬁs and- am_i_néglycdside's_'are effective m vitro, they are. clinically
* ineffective (Winn 1984). Legianeuae'ar'e ther. ‘ore resistant to tobramyein, gentamycin, _
: pemcllhn and ampmxllm {Pachon et al 1990, Randall et al 1980) Sparfloxacm appears to

o he effectme agamst alb orgamsms causmg atypscal pneumoma.

- Legmne]lae can be d:stmgmshed from other gram negatwe bactér!a by techmques hke cell
 wall faﬁy ac:d am:f qumolone analy sis and by bwchemma! characters Individual Legxonella o
_"spemes can be 1denuf1ed by severa] methodgr includmg dlrect 1mmunof1uorescence and
. enzyme electrophoresis. The Glmen\az stain is tue m™ost ef fe(‘.‘f.iVB for v;suahzmg legmnehae. ' "
The Gram stain is not recc)rnmended, but by usmg basic fuchsin or carbolfuchsin as a
countarstam, the vmbxlﬂy of the organisras can be 1mproved To visy ..hze organisms io -
paraffm f:xed tissues, a silver stain such as the Dreterle or Warthin -Starry stams can be
' used {McDade &t al 1972, Yu 1990).. '

Procedures for the identi fication of l_e'g'ionel.lae in eﬁviromﬁental s_am'ples are similar to those
used for clinical sar‘n;ﬁ'lés& For the detection of legionellae in water, samples are filtered or
cenmfuged to cofcentrate the bacteria Legmnellae can be detected in water samples by
~micrascopy, culture and direct immunofluorescence, The high level of contamination in -

-environmental_ samples can be reduced by acid treatment (Bopp et 2l 1981),

A soluble, heat- -stable, trypsin -reslstant anti JEsen is excreted by L. pneumopm}a in the urine

of most pat:eﬁts durmg the f:rst few days of 1llness (excapt in the event of renaJ fallure)

50



B S

" and can be detected for several weeks by methods like RIA ELISA and agglutinat;an tests. .

(B;bb et al 1984 Grnmont 1986) T‘us a-mgen is excreted in the unne wa the c;rculatory o

: system and is theréfore also present in the serum, but in- -much . Iower concentrauons.'

Gnmont et al (1986) found conremratmns 30-100 fold 1ower in the serum than in urine

samples taken on the same day ‘The antigen can also be detected in CST" and other body

"____t‘lu:ds_,-_ but the detection depe_nds_ largely rm. the ser_mmwty of th_e test used (Ber dal et al
1979, Bibb et al 1984). Heating of the specimen to 100°C for 5 minutes will increase the

specificity of antigen detection in urine samples.

12131  CULTURE =

' Leg:onellae can be 1solated from environmental and. chmcal samp}es hy moculatmn onta

- aruf:c:al media, mto gumea*l:ngs or mto embryonated hen's eggs. :

120310 - . GUINEA-PIG INOCULATION = -

'I'h:s techmq ue mvolves 1noculanon of txssue suspensmns mtraparltoneal,ly into adult, male

gumea-pr gs wﬂh subsequent culture of organisms from the liver, spleen and lungs and has

: been replaced by culture on. art:fmml media (Fallon 1981, Fl:ermans et al 1931)

1.2.15.1.2

Embryonated hen's eggs are \_refjr sensitive for the culture of Je éionell_a'é._-but the method has < -
“also heen replaced largely by culture oi_l'_arlificia! media, It .involzves'indcula_tidn_ of hod_y
| fluid _-br tissue specim'ens.intq 7 day old Embrjronatétl _hen‘s eges, h-arv'est_ing..ﬁhe'yolik sacs .
from 'eggs__tha_t die 4-10 days after inoculation and .sizbse%.;uén-t examination by direct or
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: i'ndirect-i‘mmusoﬂucrssceacé- or the Gimene#--stain (Fsilos'- et al 1981); L

121313~ CULTURE O N_ARTIFIC IAL MEDIA

 Culture of Isg:cne]lae from clinical épec:mens is the rnost rel:able method currently used -
N for the dmgnos:s of Leg:onnaxres' Disease. Transtracheal aspxrates are best fnr culture, but .
~ wound swahs, perlcardlal f!mds, swabs frorn per:rectal abscesses, sputum, broncmal o

'”aspuates, pleural exudates. lung bmpsms and au«‘opsy material have been used successfully

7 (Yu 1990). Culture of legionellae from clinical samples is highly specific, providing proper

'-lower respiratory spec:meus are used (Wilkinson et al 1986). It i is. 50-70% sensitive for - '

' 'sputum and 90%% for transtracheal aspirates (Yu 1990), Culture is about 15-3.0 t:mes more
“sensitive than detecnon by dlrect immunofluorescence and 1.5 times as sensitive as anti body

© deteetion ( Edelstein 1989) Water samples can- dlso be cultured on selecnva media after acid
_ ireatmem. m reduce comarmnants (Bopp et al 1981) LT | | '

T -
R

L, pﬁeumop}zila has been issl.ated from blood using a biphasic medinm and g radiometric

blood culture s'ystem A commerc ally availablellysis centrifugation systém was succés'sfu-l-l'y S

used for blood culture with seeded specimens prepared in the laboratox'y, but the suecess N
of the method with clxmcal samples is unknown (Wmn 1984) Feeley and Gorman (19?9) E

_recommended a CYE biphasic medium for blood eultures,

' The prlmary 1solauon me Jmm for I..eglonella speczes is buffereﬂ charcnal yeast. extract
(BCYE) agar supplememed with o~ ketoglutarate, iron and cysteme, rm wh:cl-r grey-white
colonies: wn‘.h & speckled (‘ground glass') appearange will be visible after 3 5 days at 35-- :
3?°C in & humid atmosphere {Grimont 1986, Jaeger et al 1988, Stanteck et al 1988, Wmn"
1 984), Other media that ¢an be used mclude_Fssley«Gorman agar, yeast e:;t_ract tyrosine

" agar and Mueller-Hinton agar supplemented with hemo.g]obi-n afnd IsoVitslsX (Broome et -

al 1979}, Broth media can be used for L. pnenmaphfjs, but a lag phase of 6 hours in

' chemically. defined media and 2 hours in biphasic media with agxtauon has been reported

(Wmn 1984) Legmnellae will not gruw on blood or tryptwase soy blood. aga: (Wmn 1984)
'_Cdntaminatisn by. o’rgsnisms like Bacillus s_p_e__éies and P aerog:‘nbsa can ihhib_i#_ growth of
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':legmneﬂae on sohd medla Selectwuy of the medla ean however be Improved by addltlon

of anumicmblal agems such as amphatencm B. :.ohstm, cefarnandm‘le.E polymyxm B, -

: _va_neomycm and trlmethep_nm, antifungal agents Ilke._amsomyc:_n and cyclohexamld_e and .

. inhibitors like glycine (:Y'ii'1990).' Glycine will also inhibit the g__fo'Wt_h of other gram - B
negative hacteria (Ja'ege; ot a1 1988). To increass the selectivity further, envirhiimental
samples can be pretreated with acrd and sputum samples Wxth heat or @ cytei}tlc agent
_ .ealled dagltonm (Bopp et 1 1981 Zumla 1988). Addition of eertam dyes to the med:a will .

make the calomes more vmble (mGers et. al 1981). - . s PO

 The addition of 2-.'5'-5%: CO2 to the atmosphere is essential, except for L. pnewmophila
 which will grow without the addition of CO2 on BCYE agar. Concentrations higher than |

s wi_lll' -hewev_etr_ﬁ increase. tne pH of the. me_diﬁm-,- thereby .I'in_h'ibi'ti.n_g -gi‘ox_vth_. An
' .'extr'aeellula.r,'-water'—éeluble' corﬁpound. is Produced' when. .the 'orgahisms ‘are grown -on
_.BCYE reSultmg in yellow- green: fluorescence of most Legmnella colomes when exposed.

"ta long-wave ultrayiolet light (Wood's lamp). L. bazemam:, L. dumoffh, gormam: and

L parmens:swﬂl however produee blue-white, and L. rubrilueens, red fluorescence under_- o

 the Wood ] lamp (Kurtz et aj 1988, Thacker et al }985) Dyes. added to the medmm,prnduce .

- -vanous effects. Most species, except L. b:rmmgbamens:s, produce a brown, melammhke,_ o

- water-soluble pigment on charcoal- free media eontammg tyrosme L. mlcdade; and L
maceachemu form blue colom eson medza contauung bromcresel purp]e and bromothymol :
_-dYes L. pm,umo;ahfia wul form: pale green, and L. bazemam:‘ L. dumoffu and L .

_ gormanu, hnght green calo:ues on these media.

* Growih is usually visible after 2-6 days (Bibb éi} al 1984, Grimont 1986}, but may take

lbn'ger .'t'n appeai‘.- Colony.ﬁog_pholegy var_ies under differerit eulliur'e conditions, .l_a_ﬁt_it i |

- greyiwhite on BCYE 'ﬁiith a speckled, 'greuntl -glass' appeerance. Incubéti'on tempera'niifes.- -

: may rarige between 25°C and 42°C (0pt1mum 35°C) in 2 humid atmosphere with addition
of 2,5-5% CO2 {Ager et al 1983, Grimont 1986) The opumum pH for growth is 6.9. .

Desplte the high senSL tivity and specificity of the cultu re technige, the slow deheate growth N

| of the orgamsm, comammanon and the !ack of suitable bmchem:eal reacuons makes n

" difficult to dastmguxsh legmnellae f‘rom other orgamsms



- Dxrect :mmunoflnarescence :s very gseful 1o deteet antxgens in- c:hmcal samples when S

cultures cannot be obta.med. It's valuf for env:ronmental samples lzke Water is controversml o

. ) althuugh it is reutmeiy used (Tc-blansky et at. 1986) Dxreet :mmunoflnorescenee (DFA)

mvolves congugatmg the annhody to a flue rochrome ancl applymg this, d1rect1y o the‘i o

" specimen. Specimeiis are screened with' polyvalent antisera 4nd the serogroup. determined - - S

- by rnonovalem reagents (Ratshl khopha 1990) The sens:mnty of the test ranges betweerl 24% e i |

© arid 86% (Jaeger et al 1988, Grimont 1986, Wilkinson 1982, Edelstein 1987). chmercxauy_' s

'_..avaﬂa’ble polyvalent amlsera are hxghly speuflc for L pneumopl.ﬂa. Background o

E fluorescence can be decreased \mth the use of monovalent antxsera (Yu 1990») or by addmg'

. rhodamme —stamed normal globuhn or d11ute crystal vmlet fo resp:ratory or k$sue epemrnens L
" (Winn 1984) ' '

o -.Crosx—reactions that may lead 1.0 false posm\re results have been documented hetween

- Leg: nnella speea es and B; fmgx!m P. a!ca!:genes, B f!uorescens and.B, pﬂZTHSSIS m the DF‘,A

. test (Grimont 1986, Ro:g et al 1991, Ruf et al 1990, wukmson 1932, Benson &t i 1y37 o

. Fhermans et al 1987)
."‘ll‘he DFA’ tesi should' b’e fntefpreted carefully becaise a negetive DFA does net"r'ule out
- _Leg:enella infection, More than 25 bacxll:, morpholeg:cally compauble ‘with Leglonella_ o

Spemes and '*eactmg oniy wnh spec:fm antxserum is regarded as pesmve and Jess than 5

o 'bacxlh per spec:men is reported as SuS‘plCIOUS (W‘ inn 1984) Although eonJugates w:theut_ S

N Freund'sad _]uvanr. is commerclal]y avmlable today, most. antmera were raised in rabbits with-

e ":7the aid, of Freund's complete ad juvant that co:xtamed mycobacteria in the past, resultmg in

" the presence of anti bodles agamst mycoba,;tena in the con jugate To avcud cross-reactions
3 beiween myen’bactema and legwnel]ae m the DFA, an ae:d faSt stain can be used before the

' dlrect immunofluorescence test. -
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‘The indirect immun»fluorescence test Was adapted from rickettsial techniques soon after

the 1976 Legmnnmres D:&.&se outbreak in Philadelphia and. was ifitroduced into Great

' Br:tam in 1978, M is today the standard, most commonly used and’ mﬁst avauable of the
o serological tests for leg:onelIOst and is the- most speczfic of the serologzcai tests surrently
" used: m South Afrlca (Edelslem 1987 Lattlmer and Cepﬂ 1980, Pastoris et al 1984) The:

'IFA ean be. used for e:ther ant:gen or ant:body detection, is reproduc:b’e and haghly

o _ ._ .-sensmve aind Spet:lflc for the diagnosis of L. pneumophr!a 8G l mfections (Harnsﬁu stal -

1987, Wmn 1984). The sensitivity will i increase further when the IFA is used in combination __

":w.xth agg]utmanon tests (Hamson et al- 1987 Wllkmson and Brake 1982) The posmve o '

| predxcnve Value of the test for d1agnnsm of: L pneumophua SG 1 mrectlons is also hlgh .
| (Harnson et al ]987) ' - : .

' Sweral f actors such as the med:a used methods of ann gen preparatzon, culture condmons, S

| g :mt-.thod of f:xatmn, class of 1mmunoglobulm detected and strain d:fferencescan mfluence

.the reactivity of Legmnella an‘ugens in ‘surface anngen-dependem seroiogncal tests such as

' __the IFA and DFA (Harr:son et a 198? Pastans et al 1984); Acetone is more effectwe for

fixation of am:gens to the mxcrc\scope shdes than ethanol (Wilkinson and Brake 1982). 3

- Addition of normal yolk sac _(NYS) in both the antigen suspension and the serum diluent -

©also enhanices fixation of the anti gen to the slide, makes subsequent fixation 'wi-tl'_l__-acetone_
_ ﬁﬁnecéssafy- and reduces background _stai'nin.g (Wilki_ﬁsa:: et &l 1982_'.- Winn 1984), Bacterie
from irif”ec'ted }VIl.J.lk $acs, grown bn éharcoai’ yeaSt extract '{CYE) agar will mé.intain their
'anugemc stabaht,r for at least: five sub- passages :md are the best for ant:gen preparatxon
_(lekmsm and Brake 1982) Samples can be screened with polyvalent antisera and. :

subsequently tested for tyge Spe(:lflc anubudxes with monovalent anhsera.
1.2133) - ANTIGENS

Legionells antigens can be inactivated in several ways, including treatment With phenol,

ether, heat and formalin, As mentioned above, eith'e:_'_pblyyalent or monovalent antigens can



be used for -iirdi}eét'in'imunofliuoresqéncé (Wiﬁn’lQS{l)_. ._ .

’ Ether~ kllled ant: gens were founﬁ to be unsanafactory becat.se ether apparently disru pts the =

' .anh genic xntegmy of Ihe ceil ‘surface and extracts sqme of the L pneumop}nia 56 1 o
- (Phﬂaﬂelpma 1) and aIl the detectable Sf“ 2 (Togus 1) ant;gen, Ieaﬂmg to false posmve '
"resuus (Wllkmson eyl 1982) ‘

Bactena inactivated by treatment’ wuh 0.5% phenol fer 24~ 48 hours are used to prepare
phenol -killed. antlgens. Results obtamed with phenol k:lled antigens are “*mlar to those N
 with hea; killed' antigens, Although the sensitivity and spee;flel_;y of the two rnet_h_qu is

simii'af,- phenol- kiiled antigens appear more homegenons and clear on IFA with nardly any

-background fluorescence (Edelstem 1987 Pastoris et al 1984) Phenol i is lipid- soluble and o

 is probably Absorbed by the hp:ds of the cell wall which pamany pfevents the denaturmg.

~agtion upon the cell membrane proteins. By phenol treatmient, a substence with lipid A B
activit ,r, erose reaetmg with the 11p1d A of some gram neganve bactena, can, be extracted

from L. pneumophria (Pasmrn st al 1984). 'f‘hls ‘phenol mactlvation follawed. by washmg :
probably ellmmates a pomon of ihts lipid A- {ike substance on the gurface LPS thereby '

L -dﬂcreasmg the numbér of false positives at low serum dllutrons The antibédy level to L. : "

pneumaphda $G 1in a healthy populatlon tested wath phenol-killed ant:gen was shown to
~ be extremely low (3.4% 21:16) ~which 1mphed that those with titres of 1:16 actually had
' _annbod:es to the orgamsm (Paswns et al 1984) Results are therefore easier to read 111&11

wn-.n heat- ku]ed anti gens, Phenol kllled antigens are stable for more than 15 months when

suspended in 0 5% normal yolk sac or phosphate huffered sahne soluuon and kept at 4 ot .

" Heat-killed antigens are prepared by ina'cti'va'ti'ng' the bacteria at 100°C for 15 xhi'nutes_. B
Bacteria treated in this-way were shown to retain their cross-reacting antigens (_Paétdris et
al 1_'984) and are more sensitive than those inactivated by fofmalin (Rats.h.ikhopha' et al
1990), Heat-kifled anti'-gehs are used by'mosi_.]_aboratories in the USA {Edelstein 1987),
_ w"hile:in South Afrieca heal'-kilied. antigens .are use't'.i for pr.evelence studies end'-'fermaiiiné o
killed antigens for diagnostic studies, The specificity of seroconversion for heat-killed |
antigens is high enough for epidemiological purposes but not -for diagnosis of 'Ieiv
prevalence, sporadic .d'isease; These an tigens will bind anti bodies with dif ferent specificities - .'
(Wilkinson et al 1982) and thevefore have a higher potential for false positive’ results
becaute they produce higher antibody titres but by adj_ustin'g. the ti.tre_e; the results are.
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nearly"’_i_déntica'l to those obtained by fo_rr_nalin —_ti-é_atod anfi-génj'{\ﬂinh_ 19831) R

S

Formalm kliled anti gens are the nost froqnently used antigens in Europe and are prepared o

by mactxvatmg ‘the bacteria-in 1% formalm for 24~ 48 hours {Harrison gt al 19883 The |

- mechamsm of this :nacnvatmn is. unknown (Lattimer et al 1980 Wﬂkmson et al 1982)

Ahhough the exaet sPec:f:c:ty is not known, these anngens dre rnore specnf:c than theat- -

_ ktlled a:mgens and are mauﬂy used whcn enly one sernm sarnple is avaﬂable 10 reduce false

' posmve resnlts in pat:cnts wn‘.h clmlcal syrnptoms of Leg:onnalres‘ Dlsease (Lattlmer etal '

°15980), Ant: gens frogra single serogroup can be used for 1dent1f1catlon of antibodles agaznst_ . |

- ___all knuwn serogroups of legionellae (Lattimer et al 1980). Although these antxgens are less-

o 'reaotwe mmunolog:cally. mey s'am morc clearly and thh fewer morphologlcal aber: ations o |

' _' than ‘heat- k:lled auugens (Wmn 1984) Background titres - among ‘healthy people can

therefore be decreased by using forrnalrn killed anti gens w1thout decreasmg the senmt:wty
: of tie test. Fo:mahn (l:ke dlethyl ethcr) appears to dtsrupt the antigenic mtegmy of the eeil
surface but 1f the IFA ntrc is lowered by one twofold dxlunon faetor, _there is 96%- .

agreement betwcen results obtamed with fhrmahn and heat kilied ant:gens [Wilk;nson et -

_. al 1982)

121332 INTERPRETATION -

L

Experience of serological results in Legionella species other than L, pneumophils SG 1is
' I:m:ted Diagnosis of Legxcnnatres Disease by serologmal methods such A% the IFA is
usually retrospect:ve as serum- Samples from both the acute and convalescent stages of the

dlsease .are needed 1:0 demonstrale SEI‘OI’.‘.DIIVB!’SIOIL ' )

The tinu'ng of the épecim'ens is very i";nportan’t. Acuto pﬁasc soecimens- nhon'i'd' be collected I
within 7 days after onset of illness and convalescent sera after at least 22 days (Blackrnon' :

- etal 1981, Edelstem 1987). Nagrngton et ai*‘(1979) however su ggested that antshodles oL,
pneumapm!a $G i i never appear before 8 days after the onset of symptoms Ant:bodxes may
- take up to six woeks to deveiop, therefore a subsequent speclmen after 42 days may increase . |

thc ssns:ltwaty of the test in cases- where seroconvers:on cannot be demonstrateﬂ after 32 . |
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.days (Blackmon et al 1981, Kaplan et al 1980) Accardmg to Rﬁf et aI (1990) the '

convalescent serum should be collected more than 6 weeks after onset far the test to be 75% L

~sensitive, Eor ‘this reason:it was suggested by Edelstein ( 1987) and others that serolog;cal L

' methods_are kelpful in epldemaolaglcal studies but not for d1agn_qs_1s in individual pati entfs.

. Aécordihg .t.o Winn (1-984}' aﬁd— Yu (1990) the IFA fs most sensitive for diagno.‘éis of ac’uie{ o

"sporadlc cases. when both IgM and IgG are measured s1multane0usly. Dlagm:st:c IgM titres © |

o 'alune w111 prov:de an earher dzagnos;s than only ralsed IeG because it mdicates a pnmary

o Immune response (Z:mmerman et al- 1982) '-

; ':_ In ﬂpldammlogmal studms. where the prevalence of anubod:es to legxonellae is stud:ed IgG N

o shauld be measured {Yu 1990) Serologzc cmena for’ dlagnos:s are dxffarent in epldemxc and

endermc times and results v atained by the IFA should always be mterpreted ini con Juncnon .

with. the clinical presentation of disease: (Harnsan el al 1987) Titres below the d1agnost1c 2

B _'-level tcgether with chmcal mamfestatmns may be usefu! for early pr- wmonal d1agnosm of

Leg:onna: res’ Dlsease althougb dlagnosls by IFAis usual]y retrosoeeuve (Kaplan et al 1980).

’I‘he mterprezatmn of the test should take into account the vananon in the time of'
appearance of ant:hodxes, the types of antibodies prqduced dnd the length of time the- '
' antlbodzes are detectable in spomd:c cases as well as. the prevalence of antlbodles in 1he _
_ _pepu!atinn studied (Nagmgton et al 1979, W’lkmsOn et &l 1982) The high prevalence of o
antibody titres 21: 128 in sorhe commumt:es makes the mterpretatmn of the IFA dafflcult.

:._ in spcrad:c cases when only one specimen is available (Blackmon et al 1981) and the test )

o 'should be e ,compamed by culture and mterpreted w&th regard m the clinical plcture.

Seroconveml on carn be missed eas:ly as there are cutrently mOre than 35 ant1 gemc types and .

- 'non homomgous antlgens may have heen used in the test.

False nejatives may resuli from the fact that a long time is needed for seroconversion to
~ oweur, Even if pr‘oper hqu]ugbﬁs antigens are used and serum sampl_es are collected serially
over a periad of 6 - 9 weeks, up to 25% of culture- prbven cases will still fail to dei.*elop

'31gmfrcant antibodies (Edelsteln 1987, A fourfold i mcrease in t:tl‘e to al 128 or a smg]e N

titre of ?.1.256 is conmdered as presuzaptive ev:dence of Leglonella mfectm.n and magnostlc -

of Le_glonna:res‘ Disease (B]_ackmon- et al 19_8_1,. _Dowh_ng_ et al 1980. McDa_de et al 197-_?,

. Zimmerman et al 1982). In communities where the prevalence is low, 2 single titre of 13128. o

tnay be diag'nostic,'f\'.\_r'h_i'le in comﬁ)unigies‘ with high seroprevalence, a single titre of 1;256



' may snll provide only nresumpnve ewdence of 1nfect1cm (Nagmgton et al 19?9 ?u 1990)
3 Low tztres are usually md:canve of past infections (Nagmgton et al 1979) When t:tres to
: muluple antxgens are ralsed, tha titre that i :s fovrfold hxgher than the others 15 consxdered
to he diagnostic, In’ epldemmlog:cal studles, dxagnost:c t1tres are usmlly one tw-bfold

E d1lutmn lngher than fer spclradlc cases.

121333 CROSS-REACTIONS .

'Cross— reaenons occur frequently with £, ps: ttac:, B fmgxhs, M. pneumomae, P. aerogmosa._- L

_P fluorescens, M. rubercu!asxs, P pseudomaﬂe.r. Y pestrs F. tufarens:s and C&mpy]nbacter; .
i spec:es, as well as w:th other Legonella specles and ¢ serogrou ps (Anderson et al- 1981 Berdal :

' and Eﬁg 1982 Latnmer et al 1979, W'nn 1984) A]though cross reactlons do not- affect-
| ”d;agnosm of Leglonnalres' Disease by IFA cons:derably, they may be 1mportant in the
_' ' analyms of ep1demmlog:c data. Many of the eross-react: ons can be. dec:eased or ehmmated |
v by absorptxon of sera with a heat stable substance extracted from E, ca!: strain 013:K92:H4
(Kaplan et al 1980 Wilkmsm et al ‘1981), Th:s will ‘however also decrease the level of
' .ann bodz esto L. pneumoph:!a in the sertim and is not xeeommended for routine work (Wmn' '

- 1984) Cross- reacttcms may cause false positive results in. some cases, mamly m pahem‘.s

“with cysnc fi broms (Yu 1990) 'I‘he presence of rheumatoid faetor in high fitres may blogk

the detect:on of IgG by cumb:mng with Sp&clflc IgG, resultmg ina posxt:?e IgM but a .'
. negatwe IgG (Z:mmerman et al 1982)

12134 ENZYME-LINKED IMMUNOASSAY (ELISA)

- The ELISA te_st involves the detection of antigen or antibody by the binding of an enzyme
* coupled tq"'&e.it'_i_:ér the'antigen or an antibody specific for the antigen in the-specimeﬁ. The
. technique is é*iniiar to imm unofl'uoresceﬁee ekcept that the fluorochrome is replaced by an

enzyme Feur dlfferent anugen preparations have been deseribed for antibody de‘*ectmn. o

namely boiled sm:cated antigen, phenol extracted antlgen, DTA extracted antigen and L

'squ ble anti gen (Wl”el ght et al 1982). The antigen or ant:body is flxecl to microutre welis or -
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| other sol:d phase su ef aces by centnf ugatscm and ethanol methanol fxxman. Ser:aI d:lut,;ons-

© -of the specimen are- added and the. ‘plate. mcubated and’ washed;" Enzyme-lahelled’ a.ntl-__

~ human 1mmunoglobu]m is added Horseradish peromdase enzyme is most often used for this
purpose. The mixture is washed and the substrate added resu]tmg in a colnur reactmn thch ‘
s rneasmred either manuaﬂy or by colonmeter or densu tometer (Lennette et al 1979, Wrelgnt
et al 1982) ' B

Antiﬁodies-of igG.' IgM and IgA classes can be detected i'; seruth (Wilkinson et al 1981),_- L

but wrtually any speelmen can be used for ann gen detectlon (Berdal et al 1979, Fehrenbach'
et &l 1986 Bibb et at 1984) ELISAs will not be accurate for antxgen detectton in :
B convalescent stage serum due to anubody product:on (Fuf el al 1990) .The sens1t1v1ty and
sp_ec:ﬁclty of the__test for antibody detee_t_acm eompares well to the TFA at_ld aggh ,t:_n_atnon. '
tee_ts, a_lth'_o.u'gh- it is x_lof as _rep'roduc_ibie as the IFA (Edelstein 1987, Wilkinson et al 1979, |
Winn 1984), Nqn_-;s"pecific. reactions, probably due to rheumatoid factor, have been repor'ted'

» ‘in urine, ‘CSF, ‘stool and serum Sa'mp'les Cross-reactions have also been demonstrated in
o urine samples, but these can he decreased by bmhng the samplas pnor to testmg (Ruf et _

Cal 1990) | " |

Aﬂfentages bve'f the IFA inclvde the objecﬁve deteMi'naifon of the eﬁdpaint, eﬁtofﬁatioﬂ .
~of the. prucedure, the large nun-bers of specimens that can be tested snmultaneously. the ._
: quantltatzve z‘esults and the s.mpl:clty of the test (Barka et al 1986) Advantages of the
ELISA for antigen detection over radw:mmunoaSSays mclude the prolonged shelf—hfe of
| the reagems compared 1o 1‘?'51 labelled reagents, the absence of a rathatmn hazard the- |

relatrvely cheap reagents and the mmphc:ty of the test.
12135  RADIO-IMMUNOASSAY (RIA)

Radio-immunoassays can be used to detect either antigens or anti bodies. The teciini_que is
similar to the ELISA but involves radicactively labelled reactants. It is less seﬁsitiVe_ than
the ELISA (Fehrenbach et al 1986) but is highly specific (Boonmee et a1 1982), Diagnostic
kits are com merciaily evail'able but can only be used to detect L. preumo phila SG 1 antigens

(Wilkinson et al 1986). Cross-reactions have not been demonstrated so far, The_ RIA
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beeomes ppsltwe early i the mfect:on and remangs posnwe for lcmg perrads‘rof tmiear -
' Advantages of the RIA over the ELISA 1nclude the tact that the RIA reqmres less tlme to

T dc and is more spec1f1c.

12136 . AGGLUTINATION TESTS =

. ___‘“b

} .'Agglunnanon tests mvolve the ciumpmg of ant:gens by reacnon w:th speclflc antxbodzes" |
T that form bndgt.s bemeen anngemc determmants. Either heat- or t‘onnalm k;lled antlgens

: can be used (Wﬂki-ﬁson and F] kes 1980 Farshy etal 19‘?8) Agglutmat: on tests offer a-cheap

: j’alternaﬂve for the DFA, and are consi dered better fur antrbody detectxon than the ELISA. S '

A combmanon of. agglutinatxon tests wnh ELISA is consmered best for screemng of R |

B Spec1mens. The sensmwty and 5pec1f1c1ty uf 1.he= 1est compares well to the IFﬁ& and it 1a easy -

~to qerform. rapid and rellable

- Polyvalent pools are used for scxeenmg purpases. Monovalent ant:sera are then used to -

' ldentxfy setogroups (Thaeker et al- 1983) Cross—reactaons have besn dérnonstrated with b' S

 pertussis and C. jejuni but can. be removed by absorption (Boswell et al 1992).

' .;_.Agglut.lnatlon tests inelude mlcro—agglutmatlon (MAT)L shde agglutmatlon (SAT) reverse_ L

passwe hemagglunnatzon (RPHA), indirect hemaggiutmatmn, ‘immune adherence o

agglutmatlon and shde coagglutmatzon (coSAT) (.Io]y and Wmn 1984, Yonke et al 1991) o
_ The MA‘I‘ w:ll detect mamly IgM whlle the RPHA. test t‘or unnary antigen detect:on 15' .

l-ughly sensxtwe but cannot be used on serum samples (Mang:aflco et al 1981), An

adaptauon of the MAT the rap:d MAT (RMAT) has recently been descnbed (Constantme - :

et al 1991).

The upper Jimit of normal in human- sera is a titre of 1:8. A titre of 1:32 in a single

specxmen is suggest:ve of - prxor m{ectmn, titres of 2l: 32 md:cate a hactenc1dal effect' =

. agamst the orgamsm and t:tres of 21464 is.su ggesnve of active disease (Collms et al 1982)
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12137 - NUCLEVSACIDPROBE§ =~ = ..

Famﬂy-- genus~ and SpBCIeS speclfsc HUGIBIC acid proves {eg the commerc:ally avaxlable'

Gen Probe DNA probe) can be used for 1dennf1catxon of hglonellae (Edelstem et al 1986. | o '
Enm_on_t 1986). Nugleic acids are made accessible ._thmugh lysis of t_he cell and react with
‘a 'i-édibactivé' or ch'enﬁcalljf Jabelled: hucléic acid- 'probé; This techniqué cannot replaée'

' culture but is useful -When used in addmon to other 1ests. Althaugh false . posmve results'
L have been reported in some studles, the sensi v ty is very hmgh (Wilklnson et al 1986)‘ The
e test _1s rapid and does not depend on pl_%_eno_typac- cha_ractanstncs _other .thar_i _charactgr of ___the

cell envelope (Wilkinsoh ét &1 1986). It :."nay therefore overcome the r:oblem of slow growth

- and the antigenic dwersuy of Leggonella speues A disadvantage iz that it haﬁa relauvely L

* short shelf- hfe._ IR

12438 - MONOCLONAL ANTIBODIES

'Monoclonal anhbod:es can be e:ther gn:up-,- specles— or serogro:sp speclf;c and are
'c'urrently avallable for. zdent:f:,cauon of L. pneumoph:fa. L. dumafﬂ: and L. m:cdader

: (Cercenada et al 1947 s, The techmque is. senmtlve and spec;fm with no cross-reacuons_ '

reported so far except with & aureus_because _of_ the h:_gh protein A content of this

-organism,

12139

Flow cytometry is used for detectac\n of legxonellae in water samples and mvolves
cancentranon of sample, traatmant with RNAse and atauung with propldmm 1od1de The -
speclmen 1s then analysed w:th a cytofluorograph (Grzmont 1986) Flow cytometry is also

ef fectwe for detectin g legmnellae in unconcentrated water samples. _-

Rings of precipitated antibodjes surround and definy L. pngumonise colonies grown on



' filtered yeasﬁ extract agar, supp1ernented wnh polyvalent ant: L. pneumoph:!a anubodaes.
L. pneumaph:}a can also be detected on BCYE plates by ohta:nmg, colony u'npnnts on-

mtroceliulose falters Dry filters are reacted w:th specmc ant;sera. then treated with 1251_'

jabelled with protem A and autoradlographed "This method allows Jacation of co!omes of =

_a given serotype on agar plates and is useful to quarmtata Legaonella semtypes in water .

.samples. Spec:es Spec:flc DNA probes are effective for' detection of L. pneumophﬂa -

colonies on plates by colony hyhndlzat:on Counter 1mmunoelectrophoresls is fess sens:txve
: than the RPHA ELISA and RIA for antigen detection but. may be useful n serogroupmg
Legmnella xs_olates_. The_FIAX__ ig a semi- automat_ed f_luo:e_scence u_nmunoassay_reeently -

- developed for diegnnsis_o'f legionellae. _'It is dasy to perform and ﬁ-}ghly feﬁredt_:ci_ble. '
© 1.2.14 SOURCES OF LEGIONELLA INFECTION

Leg:onellae are freshwater orgamsms that occur worldw:de in natural soarces like rl\'ers,

lakes, fountams and streams (Kurtz et al 1982, Watkms et al 1985), as well asm ‘man-made

' - systems like coolm gtowers, evaporanve congdensers, air-gon d:txonmg and water d:smbutmn .

'systems and humxd:fyers Legionellne have also been cultured from soil and dust samplec

 ‘taken at bu:lding sitex and from industrial cuttmgwgrmdmg flu:d (Brundett 1989, Anrahan

et al 1987, Muraca et al 1988, Schofield et al 1985) They are very prevalent in the South
Africany env:ronment (Toblansky et al. 1986). '

Factors knowii to predispose a water distribution system to thé_prése.nce--of.. Ieg:‘pneﬁae
include the age of the system, the tank configuration, water temperatures below 60°C, the -
' presence of scale, sediment and cormensal bacteria and stagnant or intermitiently flowing.
water (Muraca et al 1988).-T-he presence of slime, amoebae and flavehaeieriae c,n surfaces -
provide growth factors. for l_eg'ionellae- and may aid attachment to surfaces like rubber -
tubing (Barbaree et al 86, Fields et al 1989), Legionellae become dormant in water
i 1empermures'below 60°C and have 10 be present in lar'ge'nﬁmber's. be disseminated and
~ inoculated into a suseeptibié host to be health problem Legionellze are frequently present
in water systems of hotels, hospitals-and domestic systems in Britain (Brundett 1989, Kurtz
1988). Species so far isolated from water distribution systems include L. pneumophila, L.
micdadei, L. bozemanii, L. dumoffff,' L. Feele, L, wadsworthii, L. hackeliae, L.
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'- b:rmmghamsns:s, L, Jor damu, L., gormamr and L. askndgens:s. Of these, L. pneumapb:fa X

causes 60% L bozemanu 15%, L. dumoffii 10% and! L. Iongbeacbeae 5% and the rest of

: the Legonelia specaes together 10% of Irlections (Yu 1990) R IR

1. 2 14 MECHANISMS OF TRANSM IOLJ
. B i \:)1; g . .

:Mechamsms of - transmms:on mc]ude aerosohzatrorr. asplranon and mgesuon. The flrst:__ '

ev:dence of aemsohzaﬁon asa mechamsm of transmission was prowded in 1978 durmg an

.outbreak in Memph:s. Tenessee (Muder ‘et al '1986). SeVeraI other studies have also

e St:pported the aerosolzzanon theory (Brundett’ 1989, Davis et al 1985 Muraca et al 1988) L

 Aerosols- usually- enter bulldmgs via ventﬁahon and dehumidification systems and are

: dlsSemmated to suscepn ble persons through wster dxstnbunsn systems (Muder etal 1986),

Aerosolizatmn may also be caused by dnft from cao}mg towers and faults in venulatwn
-' _systems and humidxf:ers (Macl‘-‘arlane 1989 Muraca et al 1988). Although only small

. numbers of legzonellaa are aerosolxzed by 2g. shower heads, the particles are small enough e

o penetrate mto the lcwer rasplratory tract. Resp:ratory therapy devices lske. nebuhzers | h
may alsg d1ssem:nate urgamsms by creatmg and dehvermg gases at hlgh pressures and

'volumes. nverwhelming the normal defence mechamsms. ’

| E'*actena assoc;med wuh aspu’atson usually possess plll that ali”ow them o adhere tu_

pharyngeai epnhehal eells, Symbmsns between the normal. flora of ‘the oropharynx ‘and -
| Ieg1_o_ne__llae_ have been demonstrated (Muder et a_l 1986, Roig et al 1991). _Pneqmomas
'sssoci'sted with"-;ﬁSpiratibn..h’aﬁé 4 low .atta'ck rate {Muraca et al 1_988-).. The _fact_ that
~ legionellag possess fimbriae,, havé u low attack rate and Legionnaires’ Disease occurs more
often in heavy smokers and patzeﬂts with lung disease, who are more suscept:hle to disease.

~than Pont:ac Fsver, may prov:de ewdence for the aspn‘atlon theory. Aecordmg to. ng et

aI (1991) asp;rauon is'a common way of mfectmn wnh leg:one‘.llae.

o Al-ths_sgh avider for the ingestion fhé"”y is scanty, the fact ;hat-aimhoea_ is a.corriﬁrlo_xi
symptom of Legion’elia infection may be a result of the osganism'pe'ﬁetrsting the gastro-
mtestmal tract and spreadmg into. exttathoraclc organs. Legmnellse can often be.
damonstrated in the blood of panents (Mude: et al 1986),
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~ Dissemination of ]egion..el.lae via water - distri but.ion -syst'em"s can ‘be prevented by correet -
- deslgn and mamtenanoea Guidelines inclode the followmg (Finch 1988 Kurt.. 1988 Sykes' '
et al 1988) Pipe rons spould be as short as poss:ble and hot and cold pipes should not run_- |

close © each other. When desngmng a water. dlstrlbutlon system, areas w.1ere water can

' heoome Stagnant. anid non—metalhc components that will mcreaee hacterxal growth should N

- be avoided: and the system should be easily cleaned, dramed and flushed Wetted surfaces -
should" be protected From du-ect sunhght t0 avoid growth of algae: To reduce particle

: formanon, dnft ehmmators should ‘be fmed into cooImg towers and evaporauve condensers. :

- Cooling towers should be sited down wind from fresh air mlets of buxldmgs, cleaned and’

' treated- with b:oo:des regularly and cold water storego tanks heat msulated and covered, the '
temperature of ‘the waiPr kept ‘under 20°C, and adequate ooncentranons of oh]onne
..mamtamed at-all times, adj _]USUH g reg;larly for variations in pH Hot water systems should "
use calorifiers thar. can achieve storage temperatures h1gher than 55°C and draw off..-
: .temperatures of above 4'6"(‘.‘ Regular mamtenance of water systems :s 1mportant and 8

B w‘ntten pohcy regardm g eafety regu]atrons for water systems and operatwe records should:' :

be kept Routme monuonng of water dxstnbunon symems shonid mclude regulay checkmg o

of pI-I total d:sso!ved sohds and/or conduct:v:ty, baotez.al cOunts and concentrat:on of.__'.
dlsmfeciant or bioctde used The tmal number of bacterxa, algae and other orgamsms should

~be kept low and a proper chemlcal treatment program followed

'1.2.15 WATER TREATMENT SYSTEMS

_ Methods most!y used to treat. oontarninated water systems include hyperchlormatlon,

euperheatmg, bmmdes, 1rrad1anon and ozone treatment. Legxonellae are relauve chlorme :
tolerant and viable L, pneumop!u!a cells can still be recovered after exposure to the-
standard c:hlonne concentration of 0.2 mgf! for as loﬁg as one hour (Muraca et al 1988) :
The efflcaency of chlorme treatment is therefore comrovemal Aooordmg to Muraca et al _
(1988), neéither conunuous or shock chlorination is effective in coolmg towers, wl-uie .anyder'
et al (1 990} and others found eontinuous ¢chlorination effective, alt,hough legxoneilae may
persist for 4 months afte; the treatment 1s started, A d)sadvantage of continuous.
_chlorin_an_on _ot' potable water systeme is the production of _t_nhalomethane_s_ which may

increase the risk of carcinogenesis of the bladder, rectum and colon in humans (Helms et
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'-al 1988, Yu 1990} Hyperchlnrmat:on may also ceuse cor: rosion of p]umbing systems, which.

can be decreased by addltlon of ml:cate to the water system (Snyder et al 1990)

"

Legwnellae ate killed by water temperamres exceeding 60°C (Muraca et al 1988) The hot'
. watar m_mperature is rarsed to 60 80°C far several days, and then each d:stal water site :s o

flushed wi tﬁ,\war'm water for 30 mmu*es. The water temperature is then mamtamed at 65°C .

- (Yu 1990). Snyder et al {1990) repc-rtecl a 66% reduction of L. preumophils cultisves after

 heat flushmg, lgalthr.mgh the growth recurred after four months Continuous supplementar '
' chlonnat:on tht-m significantly decreased the number ef posxtwe Cultures. The main

: dxsadvantage of sdperheaung of potabie water systems is the poss:b:hty of burn m;unem

_The suscept:hlht}r of Jeg:onellae to bmcxdes is contmvers;al Accordmg to (Muraca et al
i 1988) bmcldes are not effecnve against L, pneumoph:!a m coolmg towers and will only. _:-
: decrease the numbers shghtly Leglonellae are hi ghly susceptab!e to 2 vanety of biocides in |
 vitre (Grace et al 1981) but they may not be effectwe in outbreak snuauons (W’nn 1984)

: and dlscrepanc:es exist between }aboratory results and f;eld stud:es with some of these

-'bmc:des (Elsmore 1986) ’BNPD was the only bmclde that was effective both m the.._ :

Iaboratory and in 1he fleld The orgamsms are relanvely resistant to treatment vmh aclds _
: (Wmn 1984) Bloc:des 50 _f_ar tested against le_g-mne_!lae mc_lude phenolic compmmd,

1dophors. : _quatéireai'y er_nmt)ni_um compound, alcohol,_' aldehydes;' hypochloride,

 dichlorophene, sodium typochlorite (chlorine), dibromonitrilo propionamide, sodivm

pen.;a.cl-'x"loropherie;e, _pe_tessi_um orthobenzyl parechloroph'&ma'te-,' el_kyl_-prdpyllenedi'emine
iﬁenepmpionate, al'kyl-aﬁi:ﬁonium chloride and i'sethiezolo_ti..(Grace'et'_ al 1987, Muraca et
al 1988). Bibcides_ that are effective against bOth-iegi onellae and algae all include bis(tri-n-
_ Eutyltin*okide {TBTO} {Yu 1990)’.'C0n_tinu0ue_ ultraviolet irradiation is éffe’ct_ive against
water-borne L. pneumo;:bfla. It is often used in-potable water syet'ems' ag it leaves no bad

‘odonrs, tdstes or barmful chemical byprddﬁcts (Muraca et al 1988).

| Ozone. a gaseous oxidans generated by electrically excltmg 0z to the tri- atomic state and
was shown 1o be effecnve aga;nst L pneumaphila in vxtro. The. concentratmn nf ozone is.
needed to kill the bacteria is uncertain. Some authors believe a concentration of <1 mgfl
will kill Ieglonellae while others could only detect & 5.log decrease in numbers with a
g concentratwn of 152 mg{h and then only after a period of 6 hours (Muraca et al 1988)



. MATERIALS AND METHODS

.......

3 §TUDY :L:YP Crr.\ss-seotmnal )

22 - -§AMPL_ING ME_TH-OD Workers were a::eked to volunteer. All volunteers were
L S o mcluded, wh:ch compnsed more than 90% of the

- recru:ts.

23 HUMAN ETHICS APPROVAL : Protocol Number 18/01/91 .

' .2._4 STQDX POPULATION : Mme workers, factory workers and

pneumoma patlents
241 . MINE WORKERS

‘A total of 155 black, male wcrkers were tested to determme lhelr baselme antnbody titres

to L. pneumo;:h:ia. ‘Baséline titres to C. pneumomae were determmed on 133 of them.' '

- Paired samples were obtained six months apart from 95 workers, The rate of seroconversion.
tp.. L. pﬁeumqp}zﬂa w_as det_ermi'z’ieﬂ in alt 95, and 81 ‘were tested for conversion to C. |
pneumanfae. The wbrkérs'incluc_led in the study all had previous exP_éri__enc_e of mine work
and lived in hostels. Thej? were mi grant vw‘m"kers.-é mainly from Mocamhi'qﬁe (67%}, while the

- rest were fmﬁ; different areas within the Repuhli ¢ of South Africa; Tair ages f&ﬁged- from
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o _ 25 ta 62 years (mean and standard dev:atiqn 41 8 :I: ?.9) Every employee in any o‘r‘ the'-' _ L

South Afyican mines who works' underground or on the surface in epeclfled high risk

_"__'_oecupatlons as defmed hy Iaw, i legally reqmred to underge an mmal medlcal exammatuon o |

1o detelmme his fnness for'wark. At the East Rand Pmprtetary Mmes contracts of zwelve

o manths are. served alternatmg wnh compulsclry Teave pertods ranging from three to six -

'- _months. On retumm g 10 work, the workers undergo medical exammat:ons before each new_ o

- contract starts, Blood samples were taken and questmnnalres administered on the first day- |

_ _:-of a new contract. The study was explamed by biack employees of the mine and the

N anonal Centre for Occupauonal Health (NCOH) and only valunteers were included in the -

- study; Infm:matlon sheets and mformed consent forms were available. Workers were assured o

- of the. conftdentrahty of the. results and that their demsnun to. part:cipale or not would m':_ _
. no way affect thelr cond:t:ons nf employment. :

242" '  FACTORY WORKERS

Durmg 1588 a Survey of 4 eouon factory snuated in Momrwer, Natal, was camed nut by'
the NCOH Requ:rements of 1he HJman Ethlcs Commlf.tee were adhered to and cOnsent had .
been ohtamed 1o use spec:mens for research purposes Blood was taken and questmnnalres
administered from a random sample of hlack, ‘male. factory workers. From the total sample '.
of 148, 145 workers were tested for the pre«enee of ant:boches to L. pneumophﬂa and 143
~ for antlbodles to C, pneumunlae Pazred samples were not ohtamed The workars lived -
either in hostels, in the townshlp 01‘ ln the nearby town of Moomver. and were aged. '

- _between 21 and 61 years (mean and standard dev.etmn = 36 2 %8, 9)
243 - PNEUMONIA PATIENTS

A total of 86 serum samples from pneumonia patients from Groote Schuur Hospltal. Cape o

Town were examiried at the request of Dr. Gary Maartens for dlagnostsc purposes, and

.permlssmn was obtamed to include the results in this study. The pauents wc‘;re all.

‘hospitalised between July 1987 and July 1988 with symptoms of community acq,plred'

68



pneumOma, Wthh was def:ned as an acute respnratﬁry 1llness Wlﬂ"l. companble shadowmg' .
'-""'on chest radmgraphs Pauents w:th pulmonary tuberculosis and severe 1mmunosuppress;0n N

"'were excluded. This study po;mlanon consnsted of 49 male and 38 female pahents of all i

races Of the females, 7 were black axld 31 co[oured. The males mcluded 11 black 32:"' '

: co]oured and 6 wh:te patlents The:r ages ranged from 12-7‘? years (mean and standard'_'
e _'devxatlon " 3? 3 % 20\}5) ' ' o o '

\\

U
. IS T

-o..m '

10 cé--\};hﬁus'ﬁ\]bod was éﬁll(&ﬂted"frdm- each of the ﬁxine\'; a.hd-'fac'tdry'wOfkers. 'Fbll'ow'-".up '

- sampies wesg,mbiamed from the mme workers after.a penod of six mnnths. All the samples
) - were centri fuged o the day of cauectlon and stored at -20"{: Acute and convalescent stage
s sera from the pneumoma panents were recewed fmzen and. were stored at 20°C untll use, :_

R _:_Care was taken- not'to. repeatedly thaw and refreeze speclrnen& The deterrnmatmn of -~ -

: '- anﬁhudy titres in the pmred sera “from each warker wera t‘arned tmt on the same day to "

. 'standard:ze ‘test condmons. -

2.6 - QUESTIONNAIRES

Standard respxratcry questmnnalres, w:th speclal reference to past and present ex;posure to

l'ugh ]evels of dust were adm:mstered to. the mine- and factory workers in a famxl;ar'

: _Ianguage by trained black mtemewers employed by the NCOH. The questionnaxre used for '

- the mine workers. also :ncluded a secnon on prewous exposure to hurmd workmg

conditions.

'59' -



271 EQUIPMENT

G

27010 MICROSCOPY -

e _.An Olympus Model BH2 standard ﬂuoresaence m:croscope, eqmpped thh a HBd’“iOUI' s

' mereury mc:deut hght source was used for 1mmunof1uorescence. Tha pnmary mters are o

. 'curnposed of a heat ahsorbmg fllter, a blue hght passage ﬁlter wnh secnndary f:lters for

- -__selectlve uv prmecnon and a yellow fziter. Observat:ons were made under a ﬁark fleld'_

' usin g 10 x occular and 50 * obj Jectwe oil 1mmersmn lenses

" “Heavy teflon coated, autociavahle nncroscope slides w:th 12 X 4 mm weils per shde were'_ _

EE nbtamed frnm Ster:lab Sex‘\nces. Johannesburg, RSA. These were used for;

......

R .ccver shps were used 1o mount the slrdes
2712 . MICROTITREPLATES

.' Standard U- battomed m:cromre plates (B:bby Sterllm Ltd, Stane, Staffs, UK} were use.tl

for dilution of sera thmughout the study.

2713 INCUBATION - . .

A standard mcubator, w;th fio added CO2 was used Mmroscope shdes were mcubated in -

" a mmst charnber at 3?“(3

P
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Capz mEABEMS L e T e
2721 o ANT I_GENgf- T R

. Th’é aim’ geﬁ for the detection of ant\f"aodies to C pneumom'ae consisted of whole bx:éﬁa'nis'mé‘ 3

R with intaet’ surfac“.  kindly. provided by Professcnr C.C. Kijo from the School of Pubhc: o
' '_ Health and Cmnmumty Med:mne, Department of Pathobxology, Umversxty of Washmgtan o

o {Seame, Washmgton) The armgen is prepared frum HeLa 229 cells, hlgth *nfected Wn‘li' -

'. _:__"the orgamsm, that are homogemzed and punhed.“_’I’he ceils are then treated wn’.h 0, 02% S

o formahn, whmh does not alter the quahty of the surface ann gens. Thxs cuncentrated antigen’ e

- can be stored for up 10 two years at 4°C. Before nse, equal volumes (usually 20 ut of each)r..' :

' of the concentrated ant’igen and normal yoik sac are. xmxed Thxs mxxture can bg stored at '

: '4°C for up 10’ two weeks The. pnrmal yulk sac was added 0 enhance the adhesum of the BT

SRR '\_orgamsms to the sl:des and w 1i’amhtate locatmn of Ihe anngen spots durmg mlcros"oplc S

exammatlon, i

L L. pneumapbda po]yvalent armgen A (serogroups i- 4) (heat kzlled) was Obtamed from Zeus g
" Selentific, Rowitan, New .Tersey The antigen is prepa.red by suspendmg the growth from o
8 charco&: yeast agar plate in d;strlled water and placing this suspensmn in bmlmg water for’

15 mmutes 19 kill the cells. The ceils are then centrlfu ged and the serhment resuspended in : '

ster:le r}isu]led water. o

o Amxgen shdes were’ prepared by placmg a smail amount of. anngen ms:de. the wells,
asmratmg the excess, allawmg them ¢ au- dry and’ fmmg them m acetone for 15 minutés
at. room temperature. Legwnella siides were kept at -20°C untzl needed Chlamydm shdes

“ T were prepared fresh ‘before each test.



2722 - NORMALYOLKSAC .

- Nor-mal yolk sa¢ (NYS) ata concamratron of 3 5% prov:ded by Professor Kuo was used :
- for the preparatmn of Chlamyd:a slides. Commerclally available NYSata concentrauon of
| - 3% was used for the preparation of Legmnella slides and was obtamed frorn Dzagnost:c and

'Techmcal SEWH.A.. Randhurg. RSA.

) _"'2_'.7..2,'3_" B ONTROL: o

' ‘The, posrtwe control serum for Chlamydla was prov;ded by Professor Kuo and was stored
at 4°C. ’I he pos:t;ve contrnl aB}'Uﬂl (monkey) for Legmnella was obtained from. Zeus
- Seientific; Rowitan,. New] ersey 1t was reoonst:tuted as recommen ded by the manufacturers' .

and wes stored af 4°C
2724 - WASHING SOLUTIONS

Phosphate buffered sahne (PBS) (Zymed Cahfomla, _USA) at pH 7. 6 and dis&illed water '

- -were used throuuhout the stuc!y.

2725 . FLUORESCEIN B

: Fluores_c_eii: -conjugaté.d- sheep anti-human ihn;nunog_l-obulin _'(IgA; IgM and- T_gG) was
__65tainéd from Wellcome Diagnostics,'Johannesburg, RSA and was used throughbut the

 study. The stain was reconstituted wlth sterile distifled water, aliquotted in sterile plastic

" tubes and stored at - ~20°C until fieeded. Final dilutions were made with PBS gust het‘ore use,
For the detecuon of anti bodles to C pneumamae. Evan 8 Blue was added as a counterstam- o

: to a rmal concentratlon of 0. 05% 1o reduce background fluorescence. -
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2726 ~  MOUNTING FLUID

Buffered g]ycerol (pH 9) was prepared by rmxmg one part PBS w:th 9 parts glycero[, and

- 'was nsed a5 mﬁuntmg fluld and & 1mmersmn medmm for m:croscopy of both crgamsms.

273 TEST PROCEDURE -

: The fnllcw:ng teehmque recommended by Professor CC Kuo (Umvers:ty of Washzngton)_-

. was used for determmstmn of anubody titres to €. pneamamae. Dilutions of the sera Were

- made in PBS. All sera. were screened ata dlll.itl(m of I:8. Subsequent duublmg dilutions of'_ .
: 'p051t1ve sera were made up 10 a dllutlon of 1z 1024 or, further 1f neCesﬁary. Ten mlcrohters'
-of serum dﬂunon was placed onta each we]l ofa microscope shde, starting from the hlghest
to the lawest d1lut: on to avoid transfer of antibodies. The slides were mcubated i 2 moist
chamber at 37°C for 30 minutes. After mcubancm, the shdes were rinsed gently by dips and -
drains in four changes of PBS and three changes t:f d:stﬂ}ed water and were then stoed on
 their sxdes 1o dry at room temperature. Fluorescem con ju gate was then dxluted 88 explamed_' :
) earher and the counterstam added FITC labelled antxhuman 1mmunoglobuhn was then
applied to each well and the shdes were incu bated again at 37°C for 30 m:nutes (lna moist
| " chamber), The process of rinsing and air dryin 8 was repeated, the sh des were mounted with

_ buffered glycerol and were reaa 1mmedtately

For 'detection of antibodies to L. pneumbphﬂe, sera were diluted '1"16 in 3% NYS.
: Subsequent doubling dilutions were made up to a dilution of 1:2048 in PBS. Ten rmcrohters. R
of serum dllutlun Was nlaced onto each well of the m:croscope shde, startmg from the
highest to the lowest dslutl_on te_avo_ad tra_nsfer of annhodles. The shdes_were 1-ncub_ated in -
a moist chamber at 37°C for 30 minutes, ri nsed quickly with PBS and placed ia PBS bath
for IO minutes. The slides were then rinsed qui'ckly with dtstilled water and air dried.

"FITC- Iabelled antihuman - 1mmunnglobu]m was apphed to ‘each - well. The process of

~ incubation, washmg, and drymg was repeated. The sl:des were mounted with buffered o

glycerol and read immediately,

_—



N 274 INTERPRETATION .~ . ©

e
o

"'In the case of C.. pneumanwe, the hnghest serum d:lutlon resultmg m defmite fluurescence T

' . of ?the elementary bodies was - cons;dered the anubody titre. of that speclmen..(}nly )

o flqo_rescence associated with evenly dlsmbute_d_elementary _bodne_s Was consi dered PDSIU\_’% o

" The hlghest serum dxlutmn ‘that resulted in defrmte f]uorescence of approxlmately 50% of

the bactena per m:croscc:pe f:eld studxed was conmdered the . annbody mre to L e

| _ pnevmapbr]a
28 ' WATER SAMPLES

281 EQUIPMENT ~

.\ .

o Water samp]es were letered 1hrough stﬂrlle Milhpore 'I‘ype HA f:lters (pore size. 0 45 ].Lm). -
: avallable from Mllhpore Corporation, Bedford usmg & 3 place PVC man;fold (Mllhpore '

- South Afnca, Johanneshurg, RSA}
282 MEDIA AND REAGENTS

.- 2821 DIRECT IMMUNOFLUORESCENCE (DFA) =

S AL
'{'r

L. pneumoph.-la serogroups I 6 and L mzcdadez polyvalent con‘;ugate A for - dlrect'_ -

1mmunofluoreseence was ohtamed from Zeus Sc:ennf ie, Rantan, New J ersey and was usedi '

.'-'.unchluted . '

7
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-~ 2822 CULTURE

_Sheep Bloud agar, Buffered Charcoal Yeast Extract agar plates (BCYE) and BCYE agar o

o plates supplemented with glyeme, vancomycm polymyxtn B and pr:mancm were obtamed' .

from the Media Department of the South Afrlcan Institute for Med:cal Researchaj
' Johannesburg Ac:d puffer was prepared using the meth;d ‘by. Bopp et al (1981) Thls

' _'.._mvolved mxxmg 3.9 ml of 0.2M HCl wuh 25 ml of- 0.2 M KCI 10 yaeld a buffer solutmn Lo

" 'wuh a pH of 2 2.
28, 3 E§T PRQCEDUR

' .Wetei_-. _'s_arﬁplee-(soﬁ ini-l}i'l_'iter'e)_ were eolleef_ed in plastic bptﬂeé with serew caps and filtered -
throug‘l _l‘y_fill_ipm.-e'_fil_ter.'s. T'h_e_' filters were ieansferred __in_te_ 10 ml of ‘sterile distiiled water
| .__end's:h'aﬁeh Qi’gbrou-ﬁly. The water was, pogfed f)ff and. cehtfifﬁgéh at 3000 rpr fbr__ 15 |
mifiutes, Agar plat’e's;" \#ereihoc‘ulhted wi-tﬁ the sedi ment as follo'w’s:' For each epecimeh, ene |
“drop ef sediment was placed on 2 b]ood agar plate, half of a normal BCYE and half of a -
- .'BCYE plate wuh a.nt:bmtlcs. A 1:10 dxlution was made of the sed:ment in acld buffer,_ '.

which was left on the bench for 5 mmutes is was then moeulated onto- the other half of

- the ncrmal BCYE. and BCYE agar with antlbzoncs. The plates were all mcubated at 35°C
wuthout addmon of CO? Blood agar plates were exammed for growth afte. 24 hours
| incubatmn‘ AI] ¢olonies on the “tood agar plates were stamed by DFA for compansen to
; orgamsms seen in the original DFA. This wt s doné as follows. mwroscope shdes were kept -
.m_ 95% alcohol untl_l-u_s_e, when they_were fiamed; A drop of sedimeni was._ _p-laeed onto &

slide e:id allow=; te air dry and heat fixed. One drop of polyvalent conjugafe was. p"laeed.

- on the slide using a sterile pasteur pipette. The slides were left in a"moistehamber atroom -

‘temperature for 20 minutes, rinsed wi_t.h-PBS._' arid left for another 5 minutes 'befor_e_the"-PB_S '
- was 'poured off, Tﬁe sli des were t-hen rihsed with .'disti'lled water, .air dri'ed ehd inounted in
buffered glycerol, The slxdes were checked far fluorescence of hactena resemblmg
-_Ieglonellae, and repurted as scanty, one-, 1wo or three plus posmve. Any growth on the
blood agar plates were suspended in sterile q_:snl_led water, and DFA stained as above. T_he
ori ginai DFA was then compared with the DFA of colonies on blood .agar-_: if the dfgan_‘:sms' o
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oo

resem b!ed legmnellae and appeared o be the same on 1he two DF A's. the water sample was
conmdered to be negaUVe fnr legzonellae, as the organism does not graw on blood agar. The '

DFA slides were kept at 4°C for com panson purposes untjl the BCYE plates were discarded.

" _The BCYE {with and without anthIOtICS) were incubated for approx:mately 7-10 days - '-

- > before bem_g discarded as negatwe. The:plateb were checked every day _fo_r gro_wth. Colonies. .-

resembling légiibn_etlae' were stained for DFA and compated with the original staigs.
29  STATISTICAL ANALYSIS

Cbﬁiparisdns were made using the 'Chi—st;ua'r'ed (X2) test with Fisher‘s Exact. 'modification '

where necessary for smaller numhers. The mulnvamate linear regressmn analys:s was

performed by usrng the Ep1-1nfo software package. AP value of less than 005 was

o conmdered stamncally s:gniflcant.

%
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- ANTIBODIES TO CHLAMYDIA PNEUMONIAE

'__".f-.;;klt.ibody titers 21-3 'to C‘ ' paenmhnfae were’ ':'-e'gar'd.ed as.p'osi"tivé Baseline titres rﬁnged.
. "from 18 to‘“‘*256 in the mme workers, frarn 1:8 to 1 2048 in the factory workers and from -
j 18 0 1 128 in. ‘the pneumoma pat:entsi The pos:twa baselme titres were grouped by.'
-anti body titre into three groups. namely <3 64, 1664 and > 1‘64 to samphfy stat:st:cal analys:s.' |

- Percentages gwen in the tables were caleulated - from the total populat:on {n) in each B

' category except Where otherwxse mdmated 1n the text. The data were grouped in two ways‘

: . .for the stat:st:cal analysas. One way WS to com pare:positive versus negatwe titres and the ) :

_ other was the companson of p051 tive. !1tre groups. A fourfold or greater increase m ann body.: - |

: t:tre over a penod of tnme {6 months in the mme workers and 1-6 weeks i m the pneumoma -

"pauents) whag- conmdered as eviderige of. se:‘ocnnversxon. ragardless uf the tites levels of o

o __exther the ftrst or the second sarnples. :

31 MINE WORKERS

.:"The follnwmg potentml risk. factors were exammed in reianon to baseline titres and.

seroconversion age, Smokmg habns, past undergmund (mzmng} experzence, past exposure '

to high levels of dust and/ot humidity {n the work environment and respiratory symptoms. -

3.1.1 ' BASELINE TITRES

OF the 133 mine workers tested to determine their baseline titres to C. pneumoniae, 66%
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. _-___-were posntwe. wath the ma,jamy of positxves (41%) uf all the specrmeng tested at’ the level-
. <1 64 and 25% at the Ievet zl 64 (F1gure 3.!) B : o :

E '_ Base!me mres assncrated w:rh age are presanted m\)}‘ahle 3 I The ages of 129 of the mine c :_' :
. workers wsre known and ranged from 25 10 60 years Imean and standard devrat:an=40 t9 o i
- 'x 10 38), With the majonty (76%) aged between 31 and 50. The prevalence of antrhedres o

15"'\

pnaumomae ran ged fmm 90% in ‘the ~31 years category o 56% in the categm-y above 50
' 'years of age. ‘The majority of pon:trve basel:ne t tres were helow 164 except in the youngest _
e nge category (<31 years) where 50% of the posrtive t1tres ware at tha level 25 64 None of - '

'these d1fferences \vere statrstxeaiiy s:gmf:cant. I

P

P '_ "In'r"orraati.an régar&ihg' 'previdus undérg:rdund exﬁériehce of 114 w’b’rkér& wés hbtaiﬁed. frorrr. |
_"'_.-stat‘f records at ‘the mine. Prev;ous e:cperlence ranged fmm 1 37 years with the ma;onty o
o .'__'(68%) of workars t‘alhng in the categorres hetween 6 and 15 yedrs (mean and standard
: devmtwnwm 85 % 5;729 OF the workers mth past underground experience, tha maJDrlty—_ N
_ --{8?%) were Sf-lll workmg underground at the txme of the study Basehue t:tres assoexated- .
| "f-*-"_'_w;rh undarground experreuce are presented in Tahle 3.2 ‘The: prevalence of annbodies 10
C pneumamae ranged from. 59% m the workers w1th 1 S\years to 72% in those wrth 1-15 - -
years expenence. Thesa d:fferences wera not stat:stlcally si’gmficant, A predxctable'-_

. cbservatron was the mcrease in mean age wu.h years expenence (Table 3 3).

N = : . .
L A Lo -0
[ . R S "

o G

'_The mf!uence of smol'mg on basel:ne trtres to €, paeumomae was stud:ed and is. presented o

Ty

‘in Table 3.&1 Workars whio were smokmg at’ the trme of the study, k- hava smoked in. the
o _pasrr werg mcluded in the category fosr smokers. The prevalence of annbodxes an& the_ o
' 'number of wnrkers with tltres 21464 were sllght!y higher i m smokers than in non= smokers '

- but the drff‘er&nces were not statrstically srgniflcant.
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THBLE .3';'1 7

3 _ms:-:u.me THTRES 1 ¢ PHEUMONIAE TN MINE mRKERs

ASSOGIATED NITH AGE "

C msAmeTTRS o RostTvE TITRE rsvzl.s

_ POSITIVE

< 31 yoars
3180 yedrs.

: ‘:11_-;50 yenrs

» Sdears:-

Unkeown

©yoraL

10
50
5

B

Coaag

Cowen

';Q.(Qﬂj O
33 (66}

10 (s5)
2 (s0).

' 'aa (88)

NEGATIVE <k fis . ol

B

ran a0 zgoy. 3

ST ey 0@ . 1(2)
Ty 2@ o wE) 2(8)
SR - - B(E. . 2an zan

2(0) 1@ @ e

sy s mee B

'Far;éntagasjare i parentheses

TABLE 3.2

* TASELINE TITRES 70'C. AMEMONZAE IN MINE WORKERS

ASSOCIATED WETH UNDERGROUND EXPERTENCE |

BASELINE TITRES - - BOSITIVE TITRE LEVELS

POSITIVE '

NEGATIVE . <164 1i64 1:64

_ 1~ & ysars

6-10 years -
: 11-_15 yearsa
% 15 yaars

Unkncwrt

. TOTAL

97

.32

1

14

133

10-(59)
29 (63).
- 23 (72)
12 (63)
14 (73)

88 (68)

7@ &GN 1(8  1(8
w@En o 183 920 - 2(4)
_e.(28) S Tss) 413 2(8)
e s 5 (26) '1(_ 5y -
5 (26) o oe(@ . s(® 2 on

a5 S 59 86

' Pergentagaé' are in parentheses
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TABLE 3% :

)

HEAN AGE HSSOGIRTED HIT‘H PREVIWS LNQERGRQUND ERPERIENGE
IN MINE HGRKERS

e
60 years
'.‘-_1-_—'1_5'&6#1%; R
el

. Unknown .

TOTAL

AN
a5 ()
19 |
Sy

125 *

_MEAN AGE :

w2

o 45”.56_ '

: 3.01

o4 .
7[35. .

5,32

.Ujf‘\:_

P

- BASELINE TITRES TO C. PNEUMONIAE IN HINE WORKERS

. ﬂqa unknom -
Standard dw-iat-lon

TABLE 3.4

ASSOCTATED WITH SMOKING

BASELINE TITRES

_ POSITIVE - NEGATIVE

POSITIVE TITRE LEVELS

<1 164

_1:64

.. Shokers  . ' 35
Non_'—s_mol'\et"s_ o 77

Unkrows ~ 21

TOTAL 133

Cwmon ss
50 (65). . 27 (35)
11 (52)  10.(49)

e (66) 45 (30

15 (43)

33 (33)

7 (33)

55 (41) -

T B (23}
18 (20)

2 ¢io)

25 (19)

_ >1'_.-64.
& (115 :
2(3)

"2 (0)

8(5).

Parcantages are in parenthesas
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'-'Informatlon regatdmg resplratory syihptams of 114 workers was “4 stamed from .
R questiorlnalres and medwal records kept at the rmne haspxtal The maJor:ty of workers
3 (81%) did- not complam of. any resp:ratcry symptoms, whlie 11% had tuberculosw and -
_pneumoma was reported m 6%. Only two !ucrkhrs caﬂpplamed of upper respiratory

symptorns, both with neganve baselme titres. The baselme titres assocmted with resplratory;-. L

; symptoms are presanted in Table 3.5. The prevalence of antxbodxes whs smular in the
' workers with and w:thout resp:ratory symptams. R '

' '_Infurmatmn regardmg past exposure 1o high Ievels of dust and/or humzdlty in the wurk.-'- :

' -'env:ronment was ohtamed from 114 workers. Theu- baselme tltres to C. pneumomae are.--_ L B

presentetl m Table 3. 6. The prevalence of antabodxes ranged from 76% in- the wnrkars wuh

| .exposure to. water only to 68% each in wor kers w:th exposure 10 dust unly and to dust. plus L |

Y water, and 63% m workers thhout expOSure to e:ther. None of thase cl:fferences were

stansucally Slgmflcal‘lt. L e



. -TABLE_a'.s__--’

. '-Bﬁ«SELINE mpss m e Pmmmms ™ MINE WDRKERS
' ASSOCIATED wxm nzspmmm‘ sva'rms

BASELINE ‘FITRES . POSITIVE TITRE LEVELS

PUSN’IVE ) _NEGATIVE. g o . ‘ﬂ 64 i 1!54___ _'f‘!-.'. - 54.-
MTHSMPTINS 2 m(en 7 9’(-4_3J L aan | zo0

 Preuonda g atey  agsh A 12 "-':1':(14) ,

Cberetssts. T2 8¢ 3@m SR 20 2(m

ITUT SERTONS 53 sa(en) () S(4) 2@ -4(h)

. ‘rQTAL | . 133 -. R '-88._'_( .f.iﬁ) _45_('34-_) . : .'5.5IC: ay 25 (19) 8 (6} .

Perc_ant'aﬁeé.' are In pareftheses .
UR ¢ Upper respiratory symptoms.
Tﬁal_g's,_s

_BASELINE TITRES TO r:. Pnemms IN HINE mmcERs
' ASSOCIATED WITH. uusw AND HUMED ATMOSPHERES .

' ‘i\__"_ BASELINE TITRES ~ POSITIVE TITRE LEVEL

CPOSITIVE . NEGATIVE ~ <164 1364 . »1:64

utdsgyonly 26 19078 6(2) 12048 6 (). 1(8)
Dustealy 15 . 106N 5(38) s@n sey -

'_'Humfdity' and dust a7 -32'(53)_ 15 (_32) S 20 (43 a_(17)j”' A0
Nefther - .2 73 04 - 1a¢e)  3aN . 1(4
' Unknown exposure 19 10(3). () | 6@ 2Qan . 2(T)

oL 13 sa(es) | 45(M) - sS(M) 259 8(6)

Pércantagas are in parentheses



Pa:red samples Erorn 81 mme Workers v(ere tested to determme whether seroco:rversxon_

S _'_oocurred wzthm a pertod of six months wh:le workmg at the mme The mfluence of sge on B

serooonversmn to C pneumomae is presented in Table 37. From these reSults it was. emdent o

that age d1d not mfluence serocoaverstoo srgmflcantly It should be noted however that 4 -

o _--of the adult mme workers (17%) exper:enced a s:gmftcant mcrease in C. pneumomae o

_ .'anttbodtes dunng a s:x month pemod.

'_'-"_-Patred sanp,ples from 69 workers w1th knovm prewous undergt‘Ound experrence were tested- :

. '.:';for serocfmversmn Of these. 62 (90%) were stﬂl workmg underground at the time of the =

study (Teble 3. 8) A total of 74 workers with known smokmg babits were tested to-

"determme the rate of seroconversron (Tahle 3 9) The di fferences between the groups were' _

B not stattsucally sxgmftoant

" To study ths aSSOCIatIOn between resptratory symptoms and the rate of seroconvers:on, .
patred samples ‘r'rorn 73 workers were tested, and the resufts are presented in Table 3. lt'l h

. Of these workrers, 14 had resgwator _,r symptoms four had pneumoma, erght were dtagnosed

T 'as havmg tubereuloms and two had upper resptratory symptoms Seroconversmn was -

o c'.mnonstrated in 12% of workers thhout symptoms cornpared to:the 43% of workers \mth_

symptoms, & stat:sttca_l_ly_ sngn-l_fxca,:_at dtfference (X‘_=_=5.-4_5, DF_-I, P_<0r0§)..-.. :

- - Past e:cposure to htgh levels of dust and/or humldlty in the Worktng emnronment dld not _

_mfluence the rste of seroconverswn sngmfrcantly (Table 3.11). Seroconvers:on was* B

- demonstrated in 25% of workers without pre\nous exposure to elther of these nsk factors
. in the en\nronment, in 21% in workers with exposurs to humtd atmospheres. 18% with

'exPosure to dust only and 10% in workers w1th previvius eXposure to both eumronments



T TABE a7
oy T

. 'SEROCONVERSION TO.C. ANELMONIAE TN MINE WORKERS.
ASSLCIATED WITH-AGE

Coesmyes . 2 e
A years o om0 s .
s Soyears .2 2(m -

Do 4 T 1 oy

| Parcantagés ara in parenthieses -

o i

© TABLE 3.8

" 'SEROCONVERSION TO C; PNELMONZAE TN MINE WORKERS =
| ASSOCIATED WITH UNDERGROUND EXPERIENCE

GROWP. . on COMVERSION - .- _.""EAN.'AGF-- _ IISD_

Ct-Syeas o 10 a0 mas | an
610 years 27 3(1) . . 4007 | 5.86 .
_' _11-1.5.yas.~s -~ I B R ) R 4. o Ta7
> 15 years Toe 1 '{_'-’_;-44)- _— .3 6.6
Unknown iz aTmy wes aw

o . w1 wean

Percentages are in parentheses
.80 5 S$tasda~d deviation

85



TﬁBLf‘ 39

e -.smqmmagsm m c PNEMIAE ™ NIHE mRatERS
nssacmsn HITH smxms '

GROUP . w o SEROCOAVERSION
| Memesmokers .88 U0 (e

" Unknqu'h:_'_. e .. _. | e 1 (_.14}..: .. .

Sk
i

oot R wQ7 T

Pero&ntaga arp in parentheses SRR

 mMEE3

. sr-:aocoweasrow nc PNEUMONIAE TN MINE HDRKERS
Assocmsn urm nsspmmav SYMRTOMS

n o SEROCOWVERSION .
o TOTALWITH SWeTONS: W ()

: Tube'r"cu?.osh ' .' R -

" Uppar respiratory _ ' L2

| TOTAL WITHOUT SWMPTOMS: - . 89 -

w8 T 1 (es)

CoToTAL S e BRI NCHE

' Percentages are in parantheses.

: :8_6':77



CTABLE 3,11

| SEROCONVERSION TO C. ANELMONIAE IN MINE WORKERS - .
ASSOCIATED WETH DUST AND HUMIDETY. IN THE ERVIRONMENT

s . SEROCONVERSION,

'.-=.Humidéw oty S . g Csen
Cbsteely om0 aam
Dust and bomidtey o % . 3(1w0)
.':'Ng.-ithfsr'._ S P 0 - ' .. 5-_{2:55-_
Unignows éxgbs\_,;-e' o . :5""-_ ' ' 7 ¢y

CoToma S e
S 81 s

) _.Pemea_‘.rkages; é\"& 1n pareritheses = -

A



32  PNEUMONIA PATIENTS =

A tetal ot‘ 86 pneumoma patrents were tested to detemune then- baselme tltres to o

_ pneumomae and pa:red samples were obtained from 85 of them. The mfluem..e of the age,

 face and gender of the pet:ents on baseline t:tx_-es as well as serocomerslgeﬁwas studied.

321 BASELINE TITRES

A total of 86 pneumoma pat:ents were tested fo determme thenr baselme txtres to C. '

§ 'pneumon 50, U these, 43 (50%) had pesmve baselmes' 40% of the patlents hed t:tres <64

| o }_ar‘..t 10% Ilad tm'es 2l 64

The patlents were aged between 12 and 77, ye s (meari and 'sta'n'dard deviation=42.26
_16 51) and were grouped into categorles €31 years, 31-50 years and >50 years ef age. E
" Baselme titres asseelated. w;m age are presemed in 'I‘abie 3.12. The age of the panents du:l'-
v-jnot mfluence the prevalence of antxbed:es s;gmficantly, although the number of patxents :

- _ w1th baselines 2l 64 was shghtly higher in the category aged: berweeu 31 and 50 years, B

Atony of ‘18 black, 60 coloured and five white ﬁatients were test'e‘d'to de’te‘rmine' 'théi'r_ :

.base. ne titres. Table 3,13 111ustrates the prevalence of antibodies m the dlfferem r&t'e_ e

1rr:»ups. Although the prevalence was hlghest in the black p&uents (56%). compared to the _
© 50% in coloured and 20% in white pauents. the difference. was not staustxcally s:gmf:cant '

E _’I‘ltres 21:64 were enly ohserved in the coloured patients,

" A total of 47 mai_e.' and 36 female patients were studied to determine their baseline titres,
The résults are presented in' Table 314 an'd' indiceted a slightly 11"1g'he:‘ prevaience in. the'__
i ernale panents (53%) than in the’ maies (47%). OF the female patients, 17% had titres 21:64
compared to the 6% of male patients with titres at thls level. The d:fferences were hewever.

- not ‘statistically stgm_flcant

'_ —



'_ TA&LE' 3.2

BASELINE TITRES TO €. PNWIAE ™ PNEUMUNIA PATIENTS
' ASsocm‘rEa WITH: AGE

BASELINE TITRES . POSETIVE TITRE LEVELS

FOSITIVE ._ . NEGATIVE 3 N 11 S _E1:684

K 3__'1. yess . 23 .M {a3) 2 (52) _ RURT S ¢ 4)
MSoyears W 5()  13¢8) 0 N @) . 4 (W)
C sSDyeart 26 12046y w(s) . 1038/ 204
Cumkewn 9 B a0 2. 2y

ST e men 0 eE) | %@ 900

" Parcéntages are in parehthesas

© TABLE 3,13

BASELINE TITRES TO C. PNELMONIAE IN PNEUMONIA PATIENTS
 ASSOGTATED WITH RACE

POSITIVE NEGATIVE <1364 @ 164

- Black -8 f0(s) B 10 (56) -
Coloured e - 300) GO 238 808
Whita 5 1@ a@) 1@y <
Unknown - . 3 278 1@y 2(em -

TOTAL 86 43 (s0) - 43 (50) 34.(40) 9 (10)

" Percentages are in farentheses

89
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L mmEas T

- BASELINE TITRES TO G. ANELMONIAE IN PNEUMONIA PATIENTS

. ASSOCIATED WITH GENOER

BASELING TITRES ~ POSIVIVE TITRE LEVELS

c omele
_Fed‘a:a'le

Unknown

_ POSITIVE _ NEGATIVE < lih_ 'k 1364

[

@ zun  sey . 9@ 3(6)

B L SR 138 em
s Caen @ zen -

Parcentages 'a_rq_.

tn ﬁa’rénthesas"

0



322 SERQCONVERSION

Seroconversion was demonstrated in & totat of 19 (22%) of the 85, paired sampies obtafned

under. the age of 31 years, 28 between 31 and 50 years and 26 over the age of 50. Althaugh--
ot slgmfma-ltly dlffarent, the rate of ‘conversion mcreased w1th age, from 13% in the .
fyoungest to 31% in the oldest category (Table 3.15). Strataftcatton of resulta by ethaic’

e

- froi the pnaumom& panents. ‘The paired samples were obtained from 23 patxents were ok

.groups in Table 3 16 and gender in ‘I'able 3 17 showed that nexther factor is s:gmhcant in o

serocrmversmn.
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- Tale 35

i~ SEROCONVERSION TG €. ANELMONIAE IN PNEWMONTA PATIENTS

o SEROCONVERSION _

“31 vﬂars _ L 23 3(13)
. 31-50 yé_a_'rs_. T 28 . ) 6:(21)
S0yers 2 . s@n
I;Inknq'_\gfn. o N : g - . ._ _. o 2 (35)

WA I R - e

o Paréentages are in _par;anthasas' '

TABLE 3,16

. SERCCONVERSION TO G- PNELMONZAE IN PNEUMONIA PAFIENTS
 ASSOCIATED WITH RACE

A . SEROCOMVERSION

Comaek S s
Colwrsd - & taqam
. _R_hftag : ) e ._ - 3 ! . n

v s e

Percentages are in parantheses
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SERQCONVERSION TO C. PWELVMONTAE IN PNEUMONIA PATIENTS
ASSOGIATED WITH GENDER

TABE 397

B ; Ma1§.-f

Famala
o Unknown

: mw_ .

T

|36

as

p :..1.1 o ..
' .g'_(zz)-.'.

-

. Percantdges

are 1n pa'r"ani-.hgsgs. :

i

... SEROCONVERSION _



33  FACTORY WORKERS

' -R:sk Eactors stu:hed in the factory workers were age, smoking, respnratory symptoms and
Bxposure (past and present) to dust in thelr workmg environment.. None. of the workers
' _.tested had prewous expenence of mine: work of any kind, either uqderground or bﬁ the

. surt‘aee. Patred samples were not obtained from any of the factory workers, .

]

' 3.31 BASELINE TITRES

'A total oE 147 factory workers wete tested to determme the:r baselme t;tres to C
: ;meumonma of these, 22% had pusntnve baselme txtres, md:catmg a sxgmfncantly Iower

- plevalence lhan m the other study popuiat:cms (X2=55.78, DF= 2. PeD, 0001) One of the .

- workers had a titre of 1:2048, mcllcatmg an acute infection at the time of the study The :

] influence of age on basehne titres in the factc)ry workers is presented in Table 3 18. Age- -

groups studled wera ¢31 3l -40, 41 50 and »50. years. _The age ol" the workers did not o '

 Gifie ence the prevalence of antib' 3 to C. pneumonise sagmflcantly‘ The worker with a

tm'e of 1:2048 was aged hetween 31 and 40. A comparison of baseline titres between'_-" '

s'nokers VS, ntm -smokexs d:d not mdmate a stat:stlcally sxgmﬁcant difference (Table 3. 19)

_- Informat:on regarding the respiratory symptoms of the factory workers was obtamed from -
| .questmnnalres. The workets com plamed mainly of pneun‘loma, upper respxratory symptoms.
_bronchitxs, asthma, high blood pressure and tuberculos:s The only symptcms of interest in -
the present study were pneumoma. upper reslnratory symptoms and tuberculoms and the '
ma_jor:ty of workers with sumptoms (83%) complamed of upper resp1ratcry symptoms cmly. '
No statist.cally significant dlfterences were noted (Table 3.20). The worker with a titre of
1:2048 had no respiratory symptoms. Nonie of the factory workers interviewed had any
p'revioﬁs experience of mine work (lie.- undergro'u'nd work) and only one. o"f them had
_ .experlence of work in a dusty envlronment other than h;s prasent JOb at the l"actory. This
worker had a baseline titre of 1:8, ‘T’he influence of present dust expostre at the factory on
'b_aselme_t.t_res was studwd, _an.cl the results are presente__d _m-T.abi_e_ 3.21._'I_‘here wag no

‘significant difference in baseline titres.in those exposed versus those not exposed to dust, -

94



. TABLE 3,18
BASELINE TITRES Tﬂ C HVW!AE IN FﬁCTURY HDRKERS
' ASSGCIATEQ HITH AGE

O BASELINE TITRES .. POSITIVE TETRE LEVELS
_ POSITIVE NEGATIVE .. _ ¢1 B8 1:64 51564

Gl Byems, . a@ s(® 8@ - _‘l
C Seoyesrs 69 1509 SS@) . M@ 1D 1(H .
4150 vemf Cowm e man s ¢ 3}{'

TOTAL W mem s wasy zen s

TABLE 3..i9_ |

saszune rmes TO €. PHELMONIAE TN FACTURY WORKERS
’ :«ssocmeo WITH smgms '

_ . BASELINE TITRES . POSITIVE TITRE LEVELS
T POSITIVE  NEGATIVE C  <1:64 1564 s16A

CSmkers - 99w (N CecEn 4 1) 2
MNon<smokers 45 1B WEH . e 1@ ()
bnk_npwn _ S ¢ _ . _ 1_ (100) R - - -

TOTAL B (22)__... 1-1_'3 ( 78) 87 (1) am 3(2)

Percedtages ‘are {n parentheses
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Lo TABLE"';.zb'_ '

ESSOGIATED HI,TH RESPIRATOR? SYMPT@!S

. '_.BASELINE TLTRES: T c. H.rfmms IN FACTORY mrzxr-:as :

' BASELINE TITRES

C <ii6d

" UPUSITIVE TITRES
o2lif4

© WITH SYWPTOMS:

N and R
TR and IR
Moty
R only
T8 oaly

 UNKNOHN SVMPTONS:

TOTAL

8%

- 1.4'5". E

- postTive.

6 (19

_2..( 4°) | :

100

2 ¢

L e 25).

2 (2

NEGATIVE -

Cwcen

. {_100)- :

-

2 (100)

s (8

Commy

a1 (72
2(i00)

"3

1.5'.( 7

2 a0

1 (100)_'_'___' -
n { 16) 1

ii_(.175:: ;

gAY

By

e

#4_.(?). S

5

2y Ona titer was 1: 2048
- TB ¢ ‘lubercu‘los-ts

PN oz Pneumor_l-ia

Naithar TB,-UR or PN

TAB,LE’ a2

- 'UR = Upper- raspiratory
{} : Percentage

EASELINE TITRES ™ c mswm.ms IN FACTORY wumceas
 ASSOCTATED WITH pusT EXPOSURE '

BASELINE TLTRES

' POSITIVE TITRE LEVELS

_ ’51-354

With exposure’
Without éxposure

TOTAL

145

POSITIVE g

19 (27)
13,

s (22) 11378

_-'NEGATWE

s (76
seqen

RTC
- 1i”(j§)i.

o 19y

1:64 .

1)

2 _

21364

2

3

. Parcentages are in parentheses -

LA
A

L



'I‘he comparison of baselme ntres ohserved in the three study populatmns is presented in. R

. _"Table 3. 22 and mdtcates a stat;stically slgmflcam dif ference in the prevalence gf ant:bodres - F

- .to C. pneumomae (P<0 0001), wsth posrt:ve ‘baselines seen in 66% ot hine workers, 50% of -

' -:pneurnoma panents and 22% of fnctory worker-a. The number of mine workers with: baselme . L

.' titres at the levsl 21:64 ° was apso s1gmf1cantly hxgher than the other two populataons__.

L "-(P<0 03}, \vhere 33% ot‘ mine. workers had- tltres at th:s level compared to the 21% of |

T pneumoma patrents and the lb% bf factory workers. These data’are all illustrated in F;gure .

‘3.1 (page 79). A logistic regression analys;s was: performed on the data frorn the mme

'wm'kers '~nd the fsctory w'orkersﬁ aere was no sagmfleant aSSOGI&thﬂ between any of the_-

' .r:sk :Eactors or symptoms studled and baselme fitres to C pneumamae m the mine Workers'_

or the factory workers _ :




CTABLERZ2

. COMPARISON OF THREE STUDY. POPULATIONS =

- STUDY POPULATIGN T

M F P

is 0 Twus. 8

CoNstte L Cas (W) 1m0 a0
Cpesttives 0 BS (S 32(2) 43 (0)
o Tire <lies o SSUA) 27 (19) (80
itrernes 3@ 5(Hsan

L

oxisbdvs., ¥viGe i, S5/, 27/ 5 % /8 .. 785 3 0.0%6e

 posve. Nea. . B8/ @3 W33 SS78 . 2 <0000 e

'...Samnm.ioh Comaan T s ey 08 - 0.5

. Purcenxages ara 1n parentheses ]

1. Mina workers

¢ . Poeumonia patients

t Factory workers -

i Chi-squared ' P S - _—
.1 Degreey of freedam - ) ST e

H Sta*fstﬂcally signif&cant-, R . I B o

“%cxﬂvs
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CHAPTER 4

- ANTIBODIES TO LEGIONELLA PNEUMOPHILA .

" Antibody titres 21:16 ‘to L. pneumophila wetw regarded as positive. Positive _bas'r_zline't_i{i-'e_'s o

| -_'raﬁged from 1: 116, tc' i 1024 in mine workers and froiﬁ L:16 o 1t 128 in factdry 'wo'rkers-and

| pneumoma pat:ents, and .were grouped by anubady titre into three groups namely <1 64 S

1164 and >1:64 to. mmplify stanstlcal analyms vnd to’ dastmgmsh past c.ontact with' the
: .orgamsm {mreswtl 64) from poss1ble mfectmn (t:tres 21:64). Percentages gwen in the tables

" ‘were calculated from ‘the total poPuIauon (n) in each category except where othervnse R

o indicated in the text. The data were grouped in two ways for the stausta,cal analys:s' firstly

. for companson of pusmve versus negatwe baselme t:tres, and secondly for compansof:’ of .

ENS the tltre £roups. A fourfo'd or greater inerease in. annbody titre over a penod of time (6

- 'momhs i the mme. wurkers and 1-6 weeks i in the pneumonla pat:ents; was cons;dered as ..

o ewdence of serocomrersmn, regardless of the utre levels of exther the fv*'st or the second' .

. samples
Al MINE WORKERS

' RISk factors studled in relation to basehne trtres and seroconverslon in the mine workers
included age, smoking, past underground experience, past exposurs to env:ronments with

high levels of dust and/or humidity, and respiratory symptoms. - _

© 411 BASELINE TITRES

A total of 155 mine wbrker_s'- were -t_eéted todetkrm theie bistline’ titrés: to - L.

09



i

pneumuph:}a. Of these‘ 36% were posmve, 10% with- trtres < 1'64, 16% wlth titres. of L 64 :'_ o
and 10% wnh titres >I 64 One wo"ker had aditre of 1'256 two hao Tﬂres of 1'512 and one S

| had a mre of 1 1024 (Flgure 4 1)

The ages» of the mine workers ranged from 25 to 6" years (mean and standard-'

de’v:atioueﬁ.l 81 * 7.97) They werg grouped into categones <31 years, 31 40, 41-50 and >50 o

| L 'eai‘e. \mth the magor:ty (?3%) aged between 31 and 50 years. The baselme ‘tLtres assocnated

thhf-’the‘ dlfferent age groups are presented in Table 4.1. Age, w;thm the range of ages of

the. mitie’ workers, chd not mfluence the preva,wnoe of antlbodles to L, pneumophzla' L

| ':=“__’_'szgmficanny.;_. S

; ':_".."_.-I',:'Inforrna%ofn regardlng smokmg was ohta!ned from 112 workers of whom 3.: (31%) were
smekers anﬂ 7'7 (69%} were non smokers The workers were elass:f:ed as smokers 1is=ney

'.weee smokm g at the tnne of the sty dy of if ithey have smoked in the pash An*;boches ro L, o
o pneumpmfa were shghtly more prevalent int smokers (40%) than in non- smokers (34%) but -

o smokers anq 24% of Tion —smokers. No mformatzon regardmg smok:ng could be obta:ned -

- from any of the workers wnh t:tres el 256 :

expenenoe of 129 workers who were grouped into categones L- 5, 6-10, 11-15 and- 515
S .f':'._'years expenence The ma _;onty (67%} had betweer 6 and 15 yédrs expenence. Baseline titres -
'assoc:ated with previous underground expener\ee are presented in Tab]e 4.3, Prevmus
' underground exper;ence did not mfluence the prevalenoe of ant:bod:es to L. pneumopbzfa

- -significantly.

100

__._the dlfference was not stat:stlcally si gmflcant (Table 4.2) The pos:t:ve ntre groups for the .

two categones were not - 31gn1flcantiy different ‘with tltres 21:64 - observed in 20% of -

' Stafi’ reoords were used to obtain 1nformat1on regardmg prewous underground (mmmg)'
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M Mine workers . mm Pneumon.i_ja?patiehts_'
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- FIGURE 41

_Antlbodles to L pneumuphlla
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. BASELINE T'TRES TO L.

woL

T 4,1"

F%&I#ﬁWWiLLA IN MINE wnaxzns
Assocmr-:n WITH A‘GE '

BASELINE TITRES

_NEGATIVE .

POGITIVE TITRE LEVELS

<‘lﬁ4

'1_64'

4 31 years
| 31-40 yaars

41-50 yeary

> 50 yeal"s : .

: Unkncﬁn '

.._1.0. |

.85

155

__POSITIVE
Lo (20) _

s
- 350y

'1a By
3

19 (35)
24 {41)

5 (22)
6 (8N

<6 (363

8 {so)f

" 99 (64)

100
Y
8y

2(m). .

R T

s t1ﬁ; )

1.410)

10 {18)
84y

2709

2 (16)

5(9)
8as

2.(22)

o 1 {.13)

" Percentapes are 4in’ parentheses

TABLE 4.2

BASELINE TtTRES ELY L H‘-‘EWILA IN MINE HORKERS
ASS{ICIATED HITH SMDKII\G

BASELINE TITRES

POSITIVE

 POSITIVE TITRE LEVELS

.-411:..64 -

1564 -

__ss64

Smokars

Hon-stmokers

' Ur_lknbwn

| TOTAL

ELT

T
EE

155

14 (40)
26 (34)
16 {37)

86363

NEGATIVE

21 (60)
51 (66)
27 (63)

w - _.

7 (20)
8 {10) -

-

1§ (10

6 (1)

8 (10)

11 {26

25 (18}

1(3)
10 (13)
5.(12)

16 (10)

Percentages are in parentheses - '
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U TABLE 4.1

- BASELINE TITRES 70 L.. PAELMOPHILA IN MINE WORKERS ~ -

}..»_ ",

- ASSOCIATED WrtH agE

BASELINE TITRES'

. POSITIVE TITRE LEVELS

< 31 years
(31-40 years
- £1-50 years " -

> 80 years o

' Unknown * 5.

ToTAL

. | .10.

-
58
23

155

© POSITIVE MNEGATIVE . <1164 1164

W BE - 40D 008

24 (A1) 34 (59) B BOa
5(2) 18(78) - . 2(9) . 2(9

6 (e Cs@Ey T . a)

() W) e 15000 25 8

B -:_$1=_64 :

- 5(9)
8 (14
104
2 (22)

©16.(16)

' _ Par-centag'és are 1n parentheses

- TABLE 4,2 - -

BASELINE TITRES T0 L. PNEUMOPHILA IN MINE WORKERS -
ASSOGIATED KITH SHOKING e

BASELINE TITRES © POSITIVE TITRE LEVELS

Smokers
Hon-shokers

Unknowh:

TOTAL:

3
17

43

188

__ POSITIVE  NEGATIVE - <64 - 1364

W@y aE) F (205 & (7)
2 -(3“} B {66) _ 816y B
16 (37) 27 (63) R L ¢

56 (36) 9O (68) . 15 {10) 25 (16)

e
1¢3)
10 {13)

s12)

16 (10)" '

Percentages are in parentheses
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TABLE 4.3 .

" BASELINE TITRES TO L, PNEUFOPHILA IN MINE WORKERS

 ASSOCIATED WITH UNDERGROUND EXPERTENCE -~~~ -

[ BMSELINETITRES . POSITIVE TITRELEVELS .
_POSTTIVE' O NPGATIVE . <108 164 14

4 5 yearsy)
610 years
* 11415 years

» 15 yaargz-

Unknown *

ToTAL

| 15? . B6(36) - ga(se) -1-5__(10-}'_. 25 (16) 16 Q10)

v sen s 5 (8. . 3__(18) Czpey
a5 e amesy o A9 808 204
R S T XG> S ¢ [+ B R ¢ ) B I O

o6 . L9 (e . 208 AN 803 - :

N _-"".3_3(45) X TE 4 BRI A ¢S I ¢

B

Percentages ava in pardntheses .
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| f_‘_‘Legmnnmres D:sease (pneumoma) ahil Pormac Fever (@ flu-like 1llness) are ; both. clrmcai_: o

. manifestations of Leglonella mfec\h‘ng The twu mam resplrato;ry symptoms ‘studied were -

'therefore pneumoma and u pper re3p1rﬁt0fy symptoms. M, rubercu!oms hag been mplxc&ted ;

© in cross- reactmns with L. pneumopm}a in the indirect immunofluo:-escence test, therefore

the assoc:ation between tubercultzs:s and baselme titres was also mvestl gated Baselme tltres : o

: assnc:ated vmh resplratory symptoms are presented in Table 4.4, There was no mgmﬁcant

' d:fference in the prevalence of armbodles between workers with and w;thout reprratory' )

symptnms, 01‘ bEtWeen the various symptorns studied { e, pneumoma. tuberculosxs and-_ _
‘upper respxr'atory symptoms) All the workers w:th baselme$ 21'256 had pneumoma- R
"""symptoms | | SRR s

-' Informat:on regardmg prevmus exposure o dust and/or hurm dlty in the work enwronment' '
of 87 mnne workers was obtgined from questmnrlaires Thei’r baseline titres are presented B
in Table 4 5 No mgmf:cant assuc;atzons were found between naselmeﬁtltres and dust or

' "hurmtlzty expusure._- .

-
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L _anseuue TITRES TO L. mswmnm i HINE NDRKERS
ASSDCIATED WETR RESP.IRATDR‘{ smpmms '

if

Tl EMSELINETIIRES . C POSITIVE TITREWEVELS

__ POSITIVES NEGATIVE ~ <hi64  1:64 . »Ti64,

CUNNOW SWRTOMS 10 3wy 7 t 70) e gy Qo)

WITHOUT SMPTONS el s (z8), 58 e ) - 1508 Joany e
| NITHSYHPTOMS '_ e 1:'8'(.35). '34- 6 65). o e s @ .

RN P '-.__.-"1_5('40) -:'2'3_(';_.5_1)'5-_3;" a0 (26) 5(13)

__-'rom, ".._.155._ L S:s:-_'(_s's)' 99 _(.5'4):: L 15 (10Y '_'-_25_ (as) 16 (10)

- CUR g Upper resp'lratm“.\r nymptﬁ'w -

: -Peroantages are 4n parenthesas
PN 1- Prewmonia . .
T8 : Tuberculosis

TABLE 8.5

_ EASELINE TITRES T0 L. AMELMOPHILA IN MINE -.&‘mzzns
'Assocmen WITH EXPUSURE TO DUST AND ﬂue-uuxw N THE eﬂwmmem'

 BASELINE TITRES - - POSITIVE TITRE LEVEL
POSITIVE _ NEGATIVE - <libd B 1:64  »]:84

Humidity enly - - 25 @) B2 2(8) 408 1(4)
bustonly 15 s 8 (60) aen - 203
Dustand bimidity 47 19 ()  B(6D) . 7(18) &1 6 (18)
Netther o @m o sm) 86D 2(7 509 .27
Unkaown exposure 41 15(37)  26(83) . - . io(a) - §(w2)

oL s 56 (36) 99 (6A) _"15'(105'_-25(163 16 (10)

‘Percantages ara in parentheses
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©° 412 SEROCONVERSION 7~

' Pa1red sampies from 95 mine workers Were tested to- ﬁptermme the rate of seroconvers:on.

'wnthm a pern ind of six months Serocomersmn was demdmstrated in 17 (18%) of the workers,

The age of the workers d:d not mfluence the rate of seroconvermon szgmfxcantly (Table L |

Pmred satnples were ohtauaed frnm 21 smokerﬂ and 5? non-smekers, Seroconversmn was
:_demonstrated in only one (5%) of the smokers compared to the 11 (19%) of non- ~sinokers
. (Tahle 4.7). The dif ference v)as not stausucally s:gmf:cant. - '

: . - - i i \’L--. . . . . . .
o 'f‘ﬁe mi’luence nf premous underground (mmm g) expenence an saroconversmn ig pre&e*l‘led

"._m Tahle 4. 8. Underground expenence did aot mfluence the rate of seroconversmn__

. 31 gnlf:cantly.

Pa'ii-e'd'samples fro’m'zs wbrkers with, and 62 wi{hdﬁt r'e'ép"it'atbfy sympt’onis were tested for

| ) 'seroconvers:on. The wo:'kers wnh symptoms cons:sted of 14 (56%) mth pneumoma, nine

- _ (36%) wn:h tubercu]os:s and two (8%) wn‘,h upper resPIratory symptoms Seroeonvers:on".' '

- could only be demonstrated in 14% of the WQrkers with pneumonia and in none of the other_ e

| sYn‘lptti:uns (Tab]a 4.9). The d1fference was. nol statnstxcally Slgﬂlf‘]cant‘ e

__Pa:red samples from 79 workers with: known past exposure to ingh levels: of dust and/or
hurnidlty in the work emn mnment were tested to determme the rate of seroconversmn.Of ;
| '.-these, the ma;or:ty of seroconverslons were demon@trated in the wcrkers without past_. '
_exposure to either of the envzrd{;ments (25%)» The result[s are presented in Table 410 and

' 'mdlcated no stansueally sngmf:ca‘m influence,
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o 'msl.s_‘ 86

szaoomvznsmu 10 L. mfmou_rm m MINE wqansas
Tty assucmsn wna BGE - '

L

- "' — SERDCQNUER:SI_N}‘. o

< Ryeas 6 1an

D omes0ears. L& . oo cawy
s Bogems . 3s 0 2m

1 Y R - 4

Parcentages tre in parentheses

'T’na_LE 4.7

" SERGCONVERSION-TO L. PHELMOPHILA TH MINE HDRKERS
+ ASSCCIATED WITH SHoKING

p o SEROCONVERSION.

Smokers @& s
Non-smokers: : 87 : RIRGE)!
Unkoown oo 5 () -

TOTAL | s ey

Parcantages are {h parentheses
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- !iTABLE, 2.8

smomwensrou 10 L. MMPHILA N MINE NDRKERS
' ASSDCIATED H;TH UNDERGROUND EKF'ERIEHCE '

‘n o SEROCONVERSION

AP
t-Byears o - o ) _.

| 610 yeard o - e 4(14)

IR L yeara'_ L ar ) ) I | -_(.26_3

__ a 18 years . . .. 1&g’ o C.

i

" Percentages are in parentheses

' -mati'é_d.s

SEROCONVERSION TO L. PNELHOPHILA. IN MINE WORKERS
 BSSOCIATED WITH stpmmnv SYHETONS

B . - - SEROCONVERSION
WITH SYMPTOMS 25 2w
Preumonia . - ) o SR FEE T '_ 2 _(1.4)'

) "I!‘ubé\'cu"los'is . B Ca

R

L w0

- Upper réspirato)“y
WITHOUT Swefows - sz - . 12(19)

 UNRNOHN e 3

TOTAL C e o w gy

Percentages are _Jin pari_anthésa_s. o
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1 4 . S L
B T

L OTRBLE &0

T o 7 SERCONVERSION 10 Li PWEVWOPHILA TN MINE WORKERS < T
- ASSOCIATED WITH HIGK LEVELS OF DUST AND-HUMIDITY IN THE ENVIROMMENT - -

o S SEROCONVERSION.

C ChstandHeddty . Lm0 sag)

. “Perceritages are in paremtheses

109



42 PNEUMONIA PATIENTS =

The mfluence of age. gender and race orl baselme tltres and seroconversmn rate in the
L 'pneumoma patients was stuched ' ' ' : : _ _
. 421  BASELINE TITRES ~

E _'_A total of 81 panents were studled 1o determme thelr basehne titres to L. pneumopmla. Of _
S _these, 16% had pothe baselmes, 14% had titres: <1 64 and orlly 2% had t1ters 21 64 (F:gure -
41 page 101) S R ' |

ok

| -'The ages of 72 panents were Rnoum ‘and. ranged from 12 ~77 years (mean and standard-_

' ':_ _dev;anon—42 92 + 16 ‘72) The age groups stuched were <31 years, 31-50 and *50 years and __ '

- _the results are presented ,m Table 4, 11 Age d1d not mfluence the prevalence of annbodaes-

. '_ mgmf:cantly

A total of 18 hi‘aélé 55 coloured -aﬁd"-'fix%é white patie'iits were fésied 10 determine their
o baselme mres to L. p ﬁumapbﬂa Although the prevalence was hi ghesr in the blac:k patlents, o
the difference was not stansncally si gmflcant (Ta‘ble 4 12). 'I‘he race of the patlents alsu did -

- : nqt mfluence the groupmg of the posmve htres _

A total of 44 mal(, and 34 female panents were studred for prevalence of antlbodms to L

pneumﬂpbﬂa No sigmf;cant d:fferencas were noted (Tab]e 4, 13)
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' TﬁsLE an
" BASELINE TITERS 10 L, PHEMOPHILA ™ pnew-:tmm PRTIENTS - - '
Assacmen wITHAGE '

BASELINE YITERS - POSITIVE TITER LEVEL -

_ POSITIVE - MEGATIVE < 1:64 -2 1:64

8 ';,e;.e;.:'__ 2 . 200 19 - 20y o =
MeSoyears . 25 6(e) W@ . 5@ 1@
S Eoyears . 2 . 3z 2ae®) o 2(B) - 1@
Ukews - 8 ele 1@y oz -

oL e asge) ey Mmoo z(ay

" Percentagés are in parenthases .

: '_msge- 412

BASEL]NE TITERS T L, HVELMJPHILA TH PNEUMONIA PATIEHTS :
' ASSOCIATED HITH RJ\CE '

| BASELINE TITERS' 7 POSITIVE TITER LEVEL

CPOSITIVE  NEGATIVE . < Ti64 x 1:64 |

Black | 18 Camy . wgm . 30n 1)
. Coloured - BBy a7 (88) T8 1)

White . 5 - osQ@ey - a0
C Ukeown 3 1(8) . 2 (6D o) -

Cqotan @ - 13 (16) 68 { BA) SRRt P

. Pércentagés aré in parentheses

1



 TABLE 833 L

O SR

o _BASEI._Iﬁg TITERSTQ I‘"'.WILA IN_PHEWIA PATIENTS -
L  ASSOCIATED TTH GENDER . '

| BASELINE TITERS

[T

POSTTIVE TITER LEVEL

Cwte
__'._'Fan;'ié-.-_ .

Unkriown -

. POSITIVE_ NEGATIVE

T e 0 ()

s 1 (ts_j_-' 68 (é’g.) _

ey ey

. pgfééntaﬁé's. are in_ parenthgsgsg'-__.

gy

oz



_..._422 §ERQ§0NVER,‘5Q L e

seroconvers:on 10 J.‘.. pneumoph:[a durmg the convale cent’ stage of 1llness;
' was demonstrated in 11 (14%) of the panems.

B Dconv,emmn :

The panents were grouped into those <31 years, 31 50 years. and "-»50 years 0111 to determme
the rate of qeruconversmn. The d:fferences were no‘t stanstmally sigmf:c&nt, he reSults are /
R presented in Table 4 14 S . ;
Pa;red samples were obtamed from 17 blaek 55 .,olc:ured and 5 wh:te pat:emﬁ 10 determme
' the rate of seroconversmn The resutts (Table 4 15) mdwated no race-relatet chfference in L
the rate of seroconvers:on in the pneumoma patrents IS L
" Paired samples frorn 43 male and 34 female paﬂents v{ere tested for zgrocomrers;on.
' Although seroconversmr '.scurred more fr'eque,nﬂy in the males (19%) than m 1he females .
] ' '(9%), the resu]ts presented in Tahba 4 15 -1ere not ;sigmficantly dlfferent f’u m 3ach other. B
. [‘-,_" q
iy . 1 . .
N E -
; e
K ir .
i
R
4
N
4o
Vo e
1
oo
iy,

Pau'ed Samples from 79 pneumoma pat:ents \vere test\.d to determme. the rat’e oﬁ



? .TAB_LE 4-.@: |

: semmsmn T0 L, mmru IN msmm pm'ams
: ASSDCIATED wmz AGE - ' :

e EROCONVERSION
‘_31._365"‘5_ ' _ 2 : L _5__(24)_ -

>‘§ﬂ¥éafs_3' o s 2y :
Unknown .. e 1y

Sl m o nqw

' Percentages are in parantheses

© UTABLE 415
8

SERDOONVERSION TO L. M!MH-IIM IN PNEUMCINIA PATJENTS
ASSDCIATED WITH RACE .

. n ' " SERCCONVERSION -

Black . R A . o 2 (i) -
- Coloured” S ss . T s s)
White - . 8 ' ' 1 (20

Ukeon o2

TOTAL - o e

'Per'.c'anta'ges_ are in parentheses

14



: _TABLE_._4-.15 :

L saaocowznsmu *ro L msmm ('} PNEumnIA PATIENTS -
S ASSOCIATED WITH sannca

o . wﬁsmﬂ -
Cowele o s 3(19)
CFemle . m TR ¥ S

| Percahtages are in parentheses
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43 FACTORY WORKERS

The mf]uence of several r1sk f actors on the baselme tm‘es of factory workers were studled L

.and mcluded age, smokmg, resp:ratory sympto:ns and present exposure 10 dust inthework .

'enwrunmant. N

: "-\“—

| 430 BASELINE TITRES

A total of 143 factory wor.(ers were tested to determme their ’oaselme trtres to L. .

__pneumophﬂa. Of these. 10% had pcsxtwe baselines- 6% with ntres <l 64 and 4% w:th tztres- e

' -."zl 64

'. The workers were grouped :nto categones -<31 years, 31 4!1 41 50 and »50 years of age.' L

: The mfluence of age on’ the l:aselme titres of the factory W .‘ers is presented in- 'I'ahle 4.17

B and mdlca‘ted 10 2ge- related thf ferance it prevaleﬂce of armbodles or pos:tive titre groups. e

_'_Sera from 100 smckers and’ 42 non- smokers ware tested and the results are presenied in
Table 4,18, Anti bodles were slightly more. prevalent in smokers (1 0%) than m non- smokers_ h
(7%), but the dxfference was fot stausncally slgmf icant. Tm'es 2l 64 were observed in 4%

of srnokers and 2% of nOn smokers. ;



" TABE 897

.\{

BASELINE TITRES T0. L. mmmm i FACTQRY H‘chKEas

ASSOCIATED HITH AGEC.

BASELINE TITRES - -"f' POSITIVE TITRE, (EVELS

< Myewrs M
314D gears - 0
S ao_ya§ﬁ§~-___-j1n

_poSTTIVE NEGATIVE y PR R

. i;3(?}2'”$¢wh [ ” gz@§y;.1 @) T
S :('"IU} 43 (90)__...__._._ L aem Ty _:-..1. tﬁ...__:

3oy e z(M 1@y -

Cwon 0y 0 B(e) B@) Q)

-Pafééﬁtages are in §afanthéSes-'

| TABLE 8,78

BASELINE TITRES TD L PNEWHILA IN FACTORY HORKERS

ASSOCIATED HITH SI"XJKING

| BASELINE TISRES . POSITIVE TITRE LEVELS

Sqﬁkgrs - _ 100
_ Nen-smokers . 42

- Unknown . 1

TUTAL 143

POSITIVE  MEGATIVE <366 - 1:64 -~ »3:68

10 (10). 90(0) e a(® 1

) 3ICH ”'39'(93}____- ' -2 (s) 10 2 -

Ty . STy . -

wOH owE)  8E s s

. Percentages are in parentheses

n7




e

--Informatwn regard mg th* resp: rawry sym pfoms of the faczory workers was obta.ned frp,a_ N

o questlonnalres. Sera fmm EQ workers with and 62 workers mthout symptoms ware tested S

Lto detem:me thelr baselme mres The symptoms mcluded were pneumoma (nnl).'

L _._tuberculosls (n-2) and uPper raspwratory symptoms (n =?1) Five of the workers wnh upper"

 respivatory symptoms also had pn!g\.tmuma symptoms and onehad tuberculosns (Table 4.19) S
'Resplralory syrnptoms werc not . srgmficant!y assnclated w:th haselme tltres to L_ o

: pneumopbua

A total of ?6 workers were expd*sed to h_lgh levels of dust m the work enwronment whﬂp RS

" '_67 w'u’l-s rot E}:posed ‘The influence of this dust exposure on the baseling {itres of factory c
_ workers it presented in Table 420 There were no statxst;cal]y sa;,mflcant dlfferences _

'-'between the groups. .

s



" TABLE _4:19_'_

BASELINE TITRES IO L PNEWDPHILA 1) FACTORY NGRKERS

ASSDCIAJ’EIJ HITH RESPIRATORY SYHPTGHS

BASELINE TITRES

POSITIVE TITRES

-4164

oW SWeTONS B0

Ponly 1T

CwRey 7

fBenly - 27

COther . F
WITHOUT SYWPTONS 62

UNKNORN SYPTONS, 1

POSITIVE : NEGATIVE _

oeem. '_71'-__( 89)
R - 100y

L 7C0) e ()
e z'.(mn);-_ ;

2038 A&

agn 58 ( 8)

oy -

(1) 12 (00)

35t-6>'_

5¢ 7

1 (1003

a6

2

#1164 .

a(s)

=

T

‘2 (3)

Czew

604

Pere :ntagas are in parenthues
PN : Pneumgnia
T8 :+ Tuberculosis )
CUR- ¢ Upper respiratory

hﬁ.BLE a, 20

' INFLUEHCE OF DUST EXPOSURE ON BASELINE TIT‘?ES TO L PNEWILA

IN FACTORY NORKERS

BASELINE TITRES -

POSITIVE  MEGATIVE

POST “IVE TITRE LEVELS -

- <irbd - 1:64

»1:84

With axposura I |-
'.H‘ithnut axpasure . 67

" TOTAL ' BT

§(8) (%)
-8 (12) _"59 (88)

Cap oy 100 90y

s T
3. 4(®

YOI )

1 &)

' '1' )y -

Parcentages are in paremtheses

1y -



o txtres m the mme workers o

_ mme workers were also s; gmf:cantly hagher than in P\e other populeuons \mth titres 2164 -~ |
B _'e‘:served in 126% of mine w0rkers compared tu the 3% in factory ", J;‘kers and 2% in

o '_'pneumoma p@uems (F1 gure 4, 1). The rate nf seroconverm un » s sumlar in the mxne workers.

and pneumonla patlents. It should however be kept in rrmd that the. peried between first

- _'and second samples werp different ia the two papulat:one A loglstxe regression ana.lye:e was

' performed on. the data from thin mme ‘workers and the facmry workers. There was no

mgnlfscant assoczetmn between any of the rxsk fuctore or Symptoms stud;ed and baselme'

120

TN

" The co'mp'at.'i'eeﬂ 'of: ba'eeline titres in ihe three stﬁ'djﬁ‘ 'pcﬁﬁlatidne is presehied yiu- ’I"able. a2

' puoumonia Paﬂem and 10% of fﬂcmfy w:arkers (P<0.001). The positive titre. Ievels in the |

B
and indicates 4 statxsucally SIgmhcr At difference in the prevalence of annbodles to L

B pneamaph:]a w’fth posmve baseime titres in 36% of mme workers, _VerSus the 16% of



TABLE 4 21

WPNISUH DF' THREE STUDY POPULﬁTmNs

" sTupy POPULATION

x. b

.. 'P-_-_VM.UE -

.:{!

| Nepativer
| Posttive: -
Titre <1362

Titrs 21364

©. <1164 ys. 21;54' S
Pos v Neg

M F ... P

Coemte) s (s
S oB6.(36) 14 (10) - 13 (16)
' J15°(10) B 8) . '1'_1.__'(14) -
aem o sn 2(a

% . . . W
) 'Q\_. . ) W

CPetresales s S m
Serceorversfon < 17 (18 -7 11(1€) 0260 T

s B/5 O M/2%. . w2

. 6,0002¢

0.6153 . '

. xn_.

ro

ﬁmntagas are 4n parantheges -

" M*na wWor
o ; "t Fagtory workers

Pnéumonia Patien‘l'.s

Chi-squared. - _
Dagrees of freédom .
-'mﬁ““cﬂ '1.‘1 S‘ign'if'ic-ant- L



' PRESENCE OF LEGIONELLAE IN WATER SAMPLES

A total of 127 water samples, comanmg of 63 surface and 63 underground samples, ‘were

*tested for the presence of. L. pae; wpblla serogroups 1-6 and L, mlcdadel by cuIture and

"'_:darect 1mmunof1uoresceneel; S S R
51 SURFACE WATER

,,\

- 'I‘he surface aamples conslsted of 49 samples collected at the showers i the ablut:on blocks‘ -

) at. Cmderella hostel' 7 were collected in the showers on the north. 8 on: the east, 18 on the. P

o south and lﬁ on the west suie of the hostel. Five samples were collected in showers at the:

i rmne, cons:stmg of 2 in the showers at the Far ‘East Verucal (FEV) shaft, 2 at the South : o

: East Vertical (SEV} shaft and one: in ashowar desagnated surface change hOuse' The areas' g

: sam pled are 1Ilumrated schematically in F: gure 5.1, Nme addmonal samples were collected '

' on the surface: 8 from potahle Water and one from service water Except for one- sample
' "oollected at the Hercules snaft dam, all the s'urface samples were from clear, running, :
potab]e water. Temperatures of the pozable water samples (n-&) ranged from 17°C to 40°C
. (mean and ‘standard de*v:at:onw36l29 + 6.02) and from sh owera (n -54) ranged from 18°C to

ddec/ (mean and standard dev:a::oneBﬁ 24 % 5,98). Results md:catmg scanty, one plus, two

' plus or three plus orgamsms resemblmg Leg:onella on direot 1mmunof1uorescence (DFA) . -

were. regarded as posmve No legionellae were cuhured from an‘y of the. surface samples,
therefore the orgamsms observed in the DFA were reponed as Orgamsms resembbng

Leg!oneﬂa.- S I A ST ’ g
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© | South | East | West West
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East South | South
“(n=2) - (n=4)  T(n=2)

FIGURE 5.1 (b} Hostel showers
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o .:Tlh'e'_layou_t' of the iowers is iliostr}ste:d schemsticel'ly in Figure 5.1. ’l"here_ are s’?ﬂ_iitio’_n '

N blocks situsted "on t'lte north . sottt'h',- east aiid wes't's'ides: o.f"thle' 'Cindereliﬁ 'h'ost'el and. saranes T

. were, oolleeted at each of these ablutton blocks, from taps as illustrated. The ohan ge houses -' ._
o #t the SEV Iand FFV shafts were aiso sampled as well as the sluftboss- and umon change .
Hons onth shafts The results are presented m TabIes 5.1- 5. 5,

5111 . CINDERELLA HOSTEL

" Seven san'ipies were tested from the showers on the north s;de of the hostel In four of these o

_(5?%) scanty to one plus orgamsms resemhlmg Ieglonellae were observed by dtreet_ o

' 1mmnnof1uoresoenoe The posrtwes were from shower 3 oﬁ the west SldB, shower 7on the

R s0uth s:de and shower 15 on the east snde (Table 5.1)

Of the mghteen samples eol]ected in the ahhmon blocks on the south srde of the hostel '

' _e ght (44%) were. pos:ttVe on the DFA the degree of posttwrty rangmg from one- to three

o plus “The posrtwes were from shower 15 on the :north‘ and showers 1 3 10, 11 12 and 14
. ;'_ on the south 51de (Table 52, ' o
A toral of e1ght samples from showers on the east s:de of the hostel were tested Four of

~ these (50%) were pos:nve with the degree of posmvuy ranging from one to three plus The )

" positive sarnp]es were. colleoted 'r‘rom showers 5 and 8 on the south slde, showe’ 8 on - '

north side and shower 6 on the west sm!e (stle 5.3).
Of the sixteen samples collécted in the showers on'the west side"of' the host'el" only two

(1 3%) were weak posnt:ve one from shiower 9 on the- north srde and one from shower 2on
the south 31de. Resuits are presented in Table 54. '
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L TABLE 5.1

© SHOWERS ON THE NORTH SIDE = . |

n DFA . CULTURE
esTsmE . ®
Shower 3tap i . . . = -l
© - Shower 3 tap2 - oo = s
soum¥ stog: .2 '

Shower 7 tap 1 _ : o : :
.Shmer_?-l;_apa___..__ S se
LeasTsme . 2

‘Shower 15 tap 1 ' -
Shower 15 tep3. .- . . s o

oL T

© os¢ i scanty

it

Lo meEse

" SHOWERS ON SOUTH SIDE OF HOSTEL -

n_ DFA CULTURE

NORTH SIDE: . . ) o o1 . h o
Shower 15 tap 1 )
< -EASY 8IDEz - - - 7
Showsr
er
- Shower
Shewer. -
Shower
Shower
Shower.
ey
Shower
Showar
Shower
. Shower
Shower
Shower 17 1
Showar 12 ta
Shawer ;
Shower 146 tap 1

TOTAL - T DT

+.
1

b et e e k3 P 3 TAY ek ok d

SO 0@ s W W
BEEEEEESELE SRR
TGP TDOOB O DODUTY

LS T S Y T T A I O

P "

—

ta

o+

l

-
_+I+++.Il1lll'l$$lli

[ 2
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©TABLE 5.3 .

| SHOWERS ON THE EAST SIDE' .

__."NORTHSIDE' e

" Showar 3 tap
Showar. 8 tap

WEST SIDEs - L

° Shower 6 tap 1 . -
- -Shower 6 t2p’3 - .o o

t'—'i‘_#

i

TABLE 5.4 -

SHOWERS ON THE WEST SIDE

no . DFA

" CULTURE

.'NDRTHSII}E. .

Siu:mer 1 tap 1
Shower 2 tap 1
Shower 5 tap 1
Shower 6 tap 1

- Showar 7 tap 1
Showsr B tap 1 -
. Showar 9 tap 1
Shewar 1'L1 tap %

rELL e Py

tap
'-Shmr15 p
COWESTSIOEE . . 1
_SOUTHSIDE:I'"_ R

Bhower z.ta'P_.-l - : S S
'_Shower_?t_apz_ S T~

w0 e

B AT R BN AR I B
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512 _s_lj_iFTB_omgngNGEfHoﬂsE |

"_One sam ple was cnllected from each of the. FEV and SEV shaft cihange houses 'I‘hese were '
' both nagatwe on’ the DFA and culture (Tab]e 5 5)

5113 SURFACE CHANGE HOUSE

 One sample was tested and’ was negative on both DFA and culture (Table _5;5).;

5.1..4 - UNION CHANGE HQUSE -

’I"wo"sﬁmples were teéted oﬁ'e froh: the change hou!:é 'at. the FEV, and one at the SEV shaft. -
The sample ffom shower 5 north from east to west gave a strong posxﬂve result on. the

DFA, while the other was negatwe These samples were not marked cleariy, therefore it was

: '.not certain from wh:ch shaft each of them was collected, No legwneilae were culturad. -

5.2 SERVICE WATER

- The ane sample of service wétér__ collected was negatiﬁe on both DFA and culture (T'able_.
e . S -

513 DRINKI_NQ_- WATER 'rA_gs |

Samples were collected at the acchmanzat:on centre, the reductmn works afﬁce and
sandplant, drmkmg crushers, the surfaee taps at Hercules and FFV shaits and from two
taps at wash- hasins in the surface change houge, Of the eight samples tested, scanty
argamsms were observed only in the sample from the surface iap at FEV shaft (13%). The

results are presented in Table 5.6,
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| TABLE B.5

CHANGE HOUSE SHOWERS.

i

"UNION:' : . o -a..'

Shcwersmh__ S i -

.SHIFTEOSS._ ol g

Sowar 4 vorth - e
~Shower 3 north S e R

 SURFACE CHANGE HD'JSE‘__"" o R -~ AP
- TOTAL: R

TABLE 5.6

 SURFACE DRINKING WATER AND SERVICE WATER

n - DFA CULTURE

DRINK WATER TAPS; . 8

Azelimitization -
Reduction works
Office
Sandplant
Prinking cryshers:
H=shaft tap
FEV-shaft tap
Change house tap -
. H-shaft change house tap

SFRVICE WATER: - - __1"
CoTOTAL g

1
ST R B S

F Igl_l.l £

8¢+ scahty
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52 - UNDERGROUND WATER -

A totel of s:xty three samples, conslstmg of forty-—one pntable and twenty two machme _ |

. water eamples were tem‘ed ‘The sam ples were collecied from three main- undergreand areas’_ _
.. the Hercules {(H), the South East Vertical (SEV) and the Far East Vemcal (FEV) shaft. -
Posmons of ‘the underground areas are 1nd1cated on F:gures 5.2 and 5.3, The FEV shaft -'

_ _' includes the Q, and the SEV shaft includes the K and L shafts. Legmnellae were not .

Cultured from any of the samples, but orgamsms resemblmg legmnellae were observed in ' o |

the DFA. The drink. water temperaturesangeﬂ hetween 5°C and 31°C (mean and standard_
- dewat:on-20.28 7, 15) and the maehme water between 20°C to 34°C (mean and standard _
: _devxat:en-*-Z? 99 % 4 59) ' ' '
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521 AREA1(HSHAFD)

A tmal of nine potahle water and eleven machme water samples were tested and were ali

L negauve on DFA and cuiture. The results are presented 1n Table 5, 7
522 AREA 2 (SEVSHAFT)

 Eight drink water and twao ':‘_*;iaehine véate_:_f' samples were _t'ested. of _the- drmk water samples,

~ four were tollected in ihe_" K, two in the L and two in the 'S'E_‘.V shaft, Scanty forg;_ﬁ;;sm's_
B resemb]ing Legion_elia w'ere oleéered 'iﬁ'one of the eight drink water sarhples’(lfi%) and jo
| ane of t‘he'twd drf water samples {(50%). The two posmve samples were both from X

shaft. Results are } sented in Tahle 5*8 e
| 523 AREAS(FEVSHAFD

A total of 24 potahle water samples, consasung nf 3 from E 11 from FE, 4 from FEV &nd:_ '

& from O shaft were tested Elght of these were posmve on the DFA, “Two {67%) of the
posmve samples ware from E,3 (27%) were from FE and 3 (50%) from O shaft. All nlne"
machme water samples tested were negatlve on both DFA and culture. Results are presented -
in Table 59, ' ' o

132



B}

. TABLE 5,7

- RESILTS AREA 1

H SHAFT mzmx -.msm g
Z'--Nest refuge bw tap ' '

" 2% leval station {a)

. 23 level station (b)

. 44 leval ‘terflary hoist dr'ive

50 “laval tartiary station

58 Tevel tertiary pump: chamﬁar

25 jeval statton . -
« 30 level sécondary stuﬂm .
. 27 '!eve1 stat:‘ton . i

o

"

L O R S T

CH SHAFT mﬂl-!IﬂE HAT'-'R- B TR

Fissura watar' 21 west dr-we
- 27 epstak tip '

" 23 west stops

27 wast x-cut "
21 waat

E 58 'tert“iary pump. chaﬂber dam

25 wast
27 west angelo, dra'in
27 west michine 4

)

- 27 west old dam x-zub
.-29 west drive :

AR Y l‘_'l lzl_l__

SR EEEERER

_ CULTURE

B I B O O T YT N R
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CTABLE 5.8 - ¢ . - :

% RESULTS AREA 2 -

n o g

K SHAFr DRINK HATER- S
58west. bank s e
68 west hank . 7 o -
75 lavel c:oo‘ling p'Ian'I‘. 7 T e
77 Tevel _ o o
K SHAFT MAGHINE w_‘m_em N

_. '77 "ir-we‘l ser-vida water' PR se U=
L SHAFT wmal.e WATER: © 2 '

5B Yavel . L o e T
_74'Jave'|__'-. T - =

- SHAFT th-IINE’NATER. ISR

CERE]

_ ‘88 'Ie\fe1 _bq'l.k sgrays_.da.ﬁi . . - o -
SEV. POTABLE WATER: 2 o

B R I

se 1 s_c.anty'
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eSS

RESWLTSAREA'S L T o

:""'j’a SHAFT ngxmm- S T

A o ESbank - o -
Y. ... .- . East.stopa - e
S Ezst’ faot wa'tl dr"ive o : .oBE
R - - East maipm tip . - . : - -
Shaft bank - I

Shaft p-n'lar' remva‘i Lo s

E-SHAFT DRINK wA'rgR- ' 3

Xecuk marth . £ .
-Heatexcbanar e : o ge o
. b4 Tavel heat exchangar- - -
FE SHAFT DR_INK HBTER:. S
. 58 lavel €ce dam (a; :
- 3B Jawel dce dam (b
© 6B Tavel -
. u.. | B4 station dam
Sy 64 went drive
o5 B8 station qeom dam
. 58 station .
o 62 west drdve | .
- B4 wast reaet drive -
: 66 Teve] station dam
. 62 evel dam

"FE STATION MACHINE WATER: O

AN NER]

1.

I 13 1y .'. :g ;l a -

E YRR RN bob

B8 Tevel draih west
42 Jevel hoist coolars
64 level statian :

| FEV SHAPT DRING WATER: - & .
" 64 leve) statton dam .
68 Jevel station tap.

- 81,5 level main dam =~ :
55.5_1_9\:&] ica dam - -
- FEV SHAFT MAGHINE WATER: .~ 6
86 level drain hole .
- 68 layel discharge pipe -
- B2 1evel station drain
- B8 level station drain

42 level drein at a'ir./c
68 leval- drain ;

. TOTAL e '_'33'3__.

¥
3

[
1 e

e ra oy

Traaarg

sé : st:_at‘ﬂ:y"
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53 . COMPARISON OF RESULTS -

' A cumparl son of results from all the areas tested both on the surface and underground is
: hsted in Table 5.10. ' '

g3 1 QOMPARISON OF SUBFACE SAM T §§

'-Scsﬁmty or.gani'.sms reseﬁ-bling l'egionellae were ohserﬁed enlj; in the saiﬁple eollected from

' the dri nkmg water tap on the sy tface at SEV shaft* i.e. 13% of surface drmk water samples. |
The number of DFA pomnve samples was s:gmf:cantly h1 ghér in the showers on , the north
suie of 'the ablutmn blogks (P<0.05) than in ihe other samples collected at the hostel. -

'A companson of the results frem the drmkmg water taps with the shOwers on the surface

. _'__md:cated no statlstlcally s:gmf:cant dxfference

' 532 COMPARISON OF UNDERGROUND SAMPLES

‘A comparison of resuits from the three areas sampled un derground indicated a significantly :
~ higher number of DFA posuwe results in Area 3 than in Area 1 (P“:D 05). The dnfference .
. between Area 1 and Area 2, and between Area 2 and Area 3 Were nat stat:stically '

' s:gmf:cant -

The number of DFA positive samples were significantly higher in the surface than in the
underground samples {P<0.05), The mean temperature of the surface samples was however
' mgruflcantly higher than that of the underground samples (P<0 {]01), which may have

mfluenced the results.
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| TABLE 5,10

" COMPARISON OF RESULTS: SURFACE'AND UNDERGROUND -

--:cmmzsou”

_P-VALUE

SIJRFACE SAI‘PLES oo
| Showers. south %o west 0.0630 -
Showers south to north 0.6728 -
- Showers south to east - 1.0000 -
Showers west to east. © . g.r2B8T T
 Bhowers wast o north 0,.0450 «
Showers asst to north 1. 0000
- Drdnk water {o Hostal sl'owar-s 0.2488
-Drink watep to Unich showars: 0.3778 ° -
. _Drink watap to Sh1-Ftboss showars 1.0000
 UNDERGROUND SAMPLES: T
Araa_ 1 to Area 2 0.1038 . -
-Araa ¥ to'Area 3 - 0BT e -
Area 2 to Area 3 _ . - 10000
- suamcs TO' UNDERGROUND. SAHPLES. B

Cooam e

-

b 'statistic.a_'l'ly -ﬁg‘ﬁi'}“il_:an'li .
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' CHAPTER 6. -

 DISCUSSION .

61 ANTIBODIES TO CHLAMYDIA PNEUMONIAY -

: Sere-elﬁideniiologic studies have ehewn that C. pneﬁmbnfaa hasa hxgh preirelence in adulis_ '
. worldmde Antlbodies have been demonstrated m 25% of adults m some parts. wlnle as
many as 50% of ‘adults have a.nt:bedxes 0 the organism in other areas of’ the world. The_--

' prevalence ;s hlghef\m tfcsp:cal countries {eg. Panema and Tat*var;) ﬂ:’ﬂ in ihe northem

o countnes {eg. Canada and Scandmawa) and has not been stur.hw B ..,Outh Afrlea 18 date. _

(Grayston et al 1986, Grayston 1989 Marrie 1993, Torres ot al 1993)

.I_Antlbodles o C.'. pneumomae were present in 66% of the mme workers, 50% of the
'pneumema pauents and 22% of factory workers. The prevalence of anﬁhodles was'
mgmfxcantly dxffetent in.the three populatlons studled (P<U.001). and ranged from the
Towest to the h1ghest percentage reported from other parts of the werld The reason for this
variation 311 prevalence is uuclear The ma_}onty of mine workers were from Mocamblque,
a sub- trop:cal area, thh prevmus experience of mine work and ‘were all lwxng in hostels.' :
This may explain the hxgh prevalence compared to the factory workers who were all from
a rural area in Natal, did not all live in hcstels and had no prevmus experience of n:une
work. The possibility of an increased risk of infection in ‘factory workers living in hostels -
(n'—80) as opposed tq'f,hese living with tﬁeir families in the wwﬁshifl {n=65) however.
indicatsd no increas=d prevalence in the workers. lwmg m hostels It is therefore poss:ble _
| that some other aspect of th‘. mmmg emnronment is a risk. factor for exposure to C

poepmoniae. -

Although most authors consider IgG titres between 1:16 _e'nc_i 1:256 ax either pre-existing or'.
 chronic antibody, and titres 21:512  as presumptive evidence of & current or recent G,
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e pneumomae mfect:on, the clasqlficahon of Thom etal (1992). who grouped posmve t:tres
'mto Iov.r (51‘8), medmm (1 8, <l 64) and }ngh {21 64). was used es ) guxdeluxe m the'--
_ present stu&y, and fitreg 212256 were consxdered as mdicatxve of a current or recent G,'. -

. pneumomae mfectlon. Twu of the mme workers had tltres c-f L 256 and one of the factofy

-warkers had a titre: of 1‘2048 mdicanng acute amibody at the tzme of the study. Thxs o

| worker was 36 years old; lived i in the hostel at the factory, worked in a dusty envxronment. -

and was-a past smoker. He dxd not’ compla ﬁ of resp:ratory symptoms cther than wheeemg L

_and chest nghtness. 'l‘he ntre gradxents for the three. pcpulat:ons We;re mmuar. _w:t.h the. S

me‘}onty ef positive utres at the lowest level {1 64), md:catmg prekus exposure to C .

. pneumomae The prevalence of mres i 64 was however sxgmfz?‘:antly hlgher m the mme_

_'workers (25%) when compared to ‘the pueumOma patxents {10%) and the fat:tery workers R

L (3%) (P<0.05). mdxcatmg a poss:ble mcreased nsk of mfecnon in the mmes

A t‘eurfold or greater merease in IgG to 21:16 between pmred sera is usually cens:dered
as serccenvermon, nd1catmg £ eur.ent G pneumomae mfect:on Some authors hdwever also -
" consider a fourfold or greater decrcase in ant;body titre as seroconvers:en (Puolakkamen | .

et al 1993, Saikku et al 1985). Tnjithe present study bnly a fourfold or greater increase was -

co:ﬁidered as serocunvcrswn, ariy decrease in tltre was 1gnored. The mcl.nanon perlod of " &

G pneumomae mfecnen is long, and convalescent. samples taken before three weeks after
‘onget of- symptems may fa1l to show anttbodms Ani mcrease m antlbodaes (IgG) often reach a
d:agnosnc levels unly after "6 months (Grayston et al 1989) The tnmng of eollechon of _. :

- the samplés i is therefore. very u:npcrtant in the mterpretauon ef results in panred sera. The _

period between collection of acute and convalescent stage sera pneumonia pauents was

v between one and feur weeks, and the penod between the f:rst and fbllow up samples of

the mine workeis, six mnnt'ls. The rate of serocenversacn in the pneumcm:a patxents may‘ :

_'-therefcre be mgher than that md:cated hy the results of this study, wh:ch md:cated S

-sﬂroconvermon in 22% of pneumoma pataents. Ifa fourfold decrease in titre was taken into

- aceount {and conmdered as seroconvers;on) these figures would have mcreased 0 32% in o

the pneumoma panents: a much h:gher rate of seroconversion than the 6~ 12% no:mally &

' reported in cemmumty ecqulred pneumonia cases {Marne 1993) The pOSSfble risk factors

for infection, that may have influenced the prev'alence of antibod:les and the rate of S

seroconversmn, will be dlscussed below. Th:s isthe fzrst study in South Afnca to document

the 1mportance of C pneumomae as a cayse’ of eommumty acqmred pneumoma. ; '
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In most prevwms studree. the prevalence of ant:bod;es to C. prreumomae was very Iow m

children, and increased sharply until it reached a peak in the age group between 30 and 40 -

years, with another peak in the 70% (Graysion et al 1990, Marrie 1993), The prevalence of

- antibpdies in ming workers under the age of 31 yesrs was very high compared to other -

studies with the ma;ority of pos:trve titres at the level 21:64," The reason for the high

prevalenoe in this age group i unc}ear, but the small number of workers studred in thls '

* nategory may have. mﬂueneed the results. Another possible explana\;ron may be that the . -
'workers are mfeeted with C, pneumo:rrae when they start workmg underground and that

- the titre levels are therefore high in eompanson wrth those of the 31- 50 age group. who
have more expeneuoe of. underground work, The prevalence in the workers over 30 years |

of age eorrelated well with other studies, and the slight decrease with age to 56% in the'- '
workers over the age of 50, was similar to that reported by Grayston et al (1989) Age dId

not appear to mfluenee the rate of seroeonvers:on in the mine workers, In the factory . .

' 'workers there was no mgmhoaot difference in prevalence between any of the age gloups. )

- although the number of positive baseline titres as well as the posrtn{e trtre Ievel W hrghest_ -

in the workers over 50. A possrble explanatron is that the factory WOrkers, a rural" -

'populanon, are not exposed to the orgamsm at an early age.

Very little is koo'wn abous the transmission of C. pneunrom‘se”apart from the fact that it is
transmitted frorn' 'hsrnan to human with no bird or animal ‘reservoir (Graystoo ot 4l 1990), .
Transmission in sohools and other mstuutrons. where people are in close contact, has been__
suggested: (Graystoo 1989). South African gold mmers are contmuously exposed to high
levels of humidity _an_d dos_t_ in the aimosphere, thay may inérease the risk of resprratory.
~ infections (Wyndham et al 1986)_@ A possible inereased risk _of_infectio_n with p'revious
underground e_xperi_ence in the mine, m?h_ere people'work_ in gro'ups and in'dusty'and hurpid,'
wartt  .ospheres,. and previous exposure to h’igli levels of dust and/or humidity id- the
w o ong en'virenment, was therefore studied. Although it was not certain if the mine
recds refleate. only previous underground' experience st this particular mine, and how
often these reeords #are updated, the mformatron was used as an md:eatron of prevrous
| experience. We were unable however to associate the preva!enee of antrbodles with duratron
of underground work, The hrgh rate of seroconversion in the workers wuh 1-5 yeats
expenence suggested. that the w rkers may be infected when they First start working
undergrOund None of the factory workers had previous underground expenence, therefore

the level of dust in 1ht=1r present wOrkmg envnronment was studred asa possrble risk faetor _
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for infection. This association dould not be proirerr.

o Itis generally accepted thst smokers are at hzgh risk of resp:ratory mfectxons (Ageretal
1983, Berlm ot af 1982), In the mine workers, -the prevalence of antlbodxes to C. B '
pneumomae as Well as the posmve titre level were hlgher in smoLers than in non—smokers.' | _
g although the rate o‘r' seroconverslon was hl gher in the non- smokers. In the f ectory workers, L
antxbod:es wete more prevalent i m the non-smoxars, with no difference in ’posnove titre
gradient between the two categories. These differences were not statxst:cally significant. The
small number of non- smokers stuched m the factory workers may however have influenced

'the results.

Pneumonia and upper respiratory symptoms are common manifestations of . pneurnonize

iﬁ'fest'ions.- The symp'toms 'are mostly mild, and. asymptomatic infections have been

“documented (Grayston et al 1990, Marrie et al 1987). The prevalence of antibodies as well

‘as'the positivs titre gradients were similar i in mine workers w:th and wathout respxratory
symptoms. while ‘both the prevalence and titre levels were h:gher m factory warkers..
w:thout symptoms, correletmg with the results from Grayston et al {1 990) The worker with

‘s haselme titre of 112048 did net complain of any resp;ratory symptoms apart from tight -

c:uest and wheezmg This worker may however have suf fered from mild flu- like symptoms,
-and not reported it. The hxgh prevalence of @ntibodies in the mine workers w:th
tuberculosis was surpnsmg, although chronie resls:ratory mfectmns (like tuberculosis) are
' 'generally consxdered as risk fsotors for pneumoma. The number of workers tested. in each
| .uldmdusl category (pneumoma, upper resp:ratory symptoms and tuberculoms) was however o
small. The three feetory workers with tuberculosls all had neget:ve baseline titres and could .
therefore not be used for comperison. A higher rate of serooonvers:ori was demonstrated
in the mine workers with symptoms than in those without, supporting the fact that C.
' poeumonrae causes re'spiratory infections, alth'ou'gh the s’erocooversions that occutred in the

workers without symptoms proefs that it also causes asymptomatic infections, .

Accordmg to Maartens et al (1994), M. pneumomae is usually the most common aeti olog:cal .
agent of atypical pneumoma, causing between 2% and 189 of cases in the United Kingdom,

Spam and “Australia, Other orgamsms causmg atypical commumty aoquxred prneumonia
- include Legionella species (2-15%) and C. psittaci (+1-5%). Table 6.1  illustrates the
" aetiology of commumty acquired pneumoma in 301 hospitahzed pat:ents in Washmgton
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'durmg the periad between 1981 1384 Convalescent stage 5era were collected 2 4 weeks

after admission lo: hospxtal in this study The rate of seroeonversmn in. the pneumoma. IR

' _'=-pat1ents of 1he present study was much hlgher than that reported elsewhere. The raee and'
- gender of these panents did not appear to mfluence the prevalence of antxbod:es or the rate

- of serocorrversion s;gnxfieantly It should be kept in ‘mind that an mcrease in IgG often'_ .

. reach. chagnnst:c fevels oily after 2-6 months (Grayston et al 1989), and that the rate of
..-iseroconvetsmn ta (.‘. pneumon.fae mey therefore be even h1gher in commumty acqulred _

: pneumoma cases.



 TABLEG:

AETIOLOGICAL AGENT -~ PATIENT§ (8) .

| St.-répt'ocdécu's' pﬁé'umﬁom‘.ﬁa' o Tee
Haemophﬂus mfluenzae o 63 e - e
phlamyd:a pneumomae AR 5’? -
Influenza Avirus .

Staphylox;oc@us aureus | R PV |
Cytomegalowrus - . : -39 o
z /f Paramtluenza viruses " ST ,39 ' ;
_ ; __.Leg:onella_ pneumpphll_a _. \ - : L 3‘9__._. L :
© Myéoplasma predmoniae . - 33
Streptocoecal specles other. .- -~ . .:3 o L
manS.pneumomae ' | - _
- Aerobic gram negative rods : .23
Myco'oactenum tuberculosls' - - 19 ' _
* Cosiella bunetti - | T ¥
‘Influenzanrus L o '. 15
Respxratory syncytlal virus - 1.3
' Bradhamella’ catarrhahs R ¥ S
' Chlamydia trachomgns__ ] '. o 0.3

© Marrie et al (1987)
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62 . ANTIBODIES TO LEGIQNELLA PNEUMQPHILA

" Legionella infections oceur worldwide, in people of. ali-"égés and race groups (Boldﬁf etal

- 1988, Kaplan et al 1980) The prevalence of antlbodles to- Legmnellae is very low in some
populatlons (eg 1.5% in. Noumgham, Engiand) (Macrae et al 1983) while in other
populatlons it may be as hlgh as 26% (Winn I984) {1291 The Only other- study conr,lucted .
in mine workers to date repﬂrted a prevalence of 5% i m coal mme workers (Davues et al_ :

-1985), This varmnon m prevalence may ‘ne explmned hy the dnfferent ‘methods used for

o _ant:gen preparatmn for mdu'e-;t 1mmuno{1ubrescence. In Europe. formalin- k:lled anngen

' that are highly. sPemfm, are. routmely used, which may explam the low prevalence compared
10 other parts of the world where heat-killed antigens, that are not as specifie but more'
sensitwe, are used. Accordmg to Edalstem (198‘?), the spec:fm:.ty of heat-killed anti gens is
96-99%, which is too low for thagnost:c purposes, but 1s acceptab‘le for: epldamlolog:cal
 studies. In South Africa, formalm-kllled antigens are normally used for diagnosis of
_. sporaf}m cases of leglonellosxs, while heat-killed antigens are used for epxdemlolog:o studies
: (Ratsh:khopha et al 1990}, Mauff- et al {1984) demonstrated low titre antibodies in @ Jarge
number of peqple from the Johannesburg area, and Ratsh:kholaha et al (1990) reported

' '-a.ntlbodles at titre level 21116 to L. pneumapm}a serogroups 1-6 in 65% of healthy adult

blood donors in T ohannesburg, using heat-killed antigens. These resulis suggested
wi des'pread exposure to the Orgamsm in the PWV area, but the prevalence m other parts of '
the country has not been studied to date. ' ' '

I the present study, ant:bod:es to L. pneumopﬁxfa serogroups 1-4 were demonstrated in
36% of mine workers usmg ‘beat-killed ant: gens, This f:gure was significantly hlgher than
‘in the acute sera of the pneumonia patients from Groote Schuur hospital’ in Cape Town
(16%) and the factory workers (10%) from Mooiriver in Natal (P<0,001), The preva-_léﬂce _
of antibodies in'all three study populations was lower than that reported .-by Ratghi_khopha
et al in 1990, but correlated well with studies from other parts of the world, although the
prevalence in the mine workers in this study was slightly hi gher. The di fference between
results from the present study and that reparted by Ratshikhopha may have been due to the
fact that they tested for annbodles to serogroups 1-6, while In the preaent .t.tudy only the

presence of antibodies to serogroups 1-4 was determined,
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'. _ Cross-reecuons occur frequently between L. pneumoph:!a and other organsuns szpch as G .

: psrzzac:, B, fragzﬁs, P a!cahgencs, M‘ tubercufcs:s. P. eerogmosa and other Gram: rnegative

E _ orgamsms the person may* have been exposed to prewously Ratehlkhopha et al (1990)

' demonstrated annbodtes 1o L. pneumophiia in 20-30% of tuberculosis pattents. but'_'_ :

- suggested that these cross-reactlons can be decreased by abSOl‘pllﬁn with- M, tubmu!osis

'._T‘Welve of the ‘mine workers were diagnosed as hang tuberoulns:s, and the hlgh'

background prevalence in these workers ‘may therefore have been due to-cross- -reacting- o

anugens Although cross—reacnons ‘between L. pneumopb:!a and C. pneumomae have not

" been demiansti. t.d to date, the possibility of cross-reactmns shonld be kcpt in mmd as C,
) pneumonme is antz gemcalty sm‘nlar to C. psi ttac:, that has been reported to cross-react wzth '
'L. pneumaphua in the indirect mmunofluoresecnee test in some studies (Winn 1984) The
high prevalence in the rmne workers may therefore have been influenced by cross-reacuons.

. betwesn the two orgamsms.

. Leéibnellae are aquatic bacteria that are. ‘spread through the aerosolization of droplets e

(Mudder et al 1986), although dust had also been 1mphcated in transtmission of the orgamsm
B (Brundett et al 1989, Morris et al 1979) The higher previlence of antxbod:es in the mine
workers compared to the t'actory worke-s and pneumoma patrents may therefore have been -
a result of theu‘ pre\nous expencnce in mme,w, where they work in groupe. in warm. dusty.

and humtd a_tmosphere_s and live in _com_mo_nal hostels. -

A single titre of 215256 is generally accepted es evidence of a current or recent L.

prevmophila mfectzon. The clasuf:cat:on by Shands and Fraser (t 980), who regerded smgle' o

'tltres 21:128 as mdtcatlve of a Current or recent lnfection, was used a5 & gmdeline in the
present study, and baseline titres were groupod into low (x1:64), medium (1:64) and hlgh.
(51 64) The positive titre gradlent of the factory workers and pneumoma pat:ents correlated
well with that reported hy Ratshtkhopha, thh the majority at the level <1364, while in the
mine workers, the ma jority of posxttve titres were at the level 1: 64 Positive titres were on
~ the whclc sl:ghtly hrgher in the mine workers ‘than in the other populations, with
s:gmt_‘tcantly more positives sbove 1:64 than in the other populations _(P<0.001) Our results
correlated well with studies from othier paris.of the world, which reported the highest
 prevalence at thé titre level <1:64 (Boldur et al 1986, Bornstein et l 1986). '

A fourfold or .gr_teater increase in antibody titre ta a level 21:128 is- generslly aceepted as
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evidence of seraconversion (Koornhof et al 1980, Shands et al 1980, Wilkinson 1982),

'_ ﬁlth'ough 'Winn (1984) con_sfdergd __a';fburfuld or greater_incréase to '21:64-_ as serodbﬁvefﬁ_ﬁ.ﬁ..- o
_ In.'th_e_ pre'sen't study, an'y_ fourfold or gfeate'r_inc;eas&i_n titre was cohsi-_r:le_i-ed 59_ -e\iidenée
- of éé'rbcon\iéfsio_n,_régﬁrdi'éss of the tﬁitre__le\'rel of either of the first or the second _s.ampleﬁf-. _. _

A hlgh 'éerocbnvérsion rite was reported in this study. The rate of seroconversion was |
_ stmilar in the -ﬁi_inéwak_efg aver 6_. fonthg domba_rec_i to the preumonis patien_'t'é" with'se_ré
taken 1' 4 wéeks after"the ahute' stage of disease, The fact that untibodies o' L. pxjeﬁmapbﬂa
' may take a long time to reach dmgnost:c levels shoiild be taken into account; ‘dnd the period o
between. the acute and convalescent stage sera may ha\re been to short to detect all the - :
sern_conversmns. in the pneumonia patients. Nagington et al (1979) an_d Harrison et _al {1988) |
suggested.'tha't the second sample should be taken at least '28 days after onset of illness,
while Blackmos et al (1981) recommended that the acute stage sample should be taken
' w:thm seven days after onset of illness and the convalescent stage sample at least 22 days

'after onset, with an additional sample after 42 days. Accordmg to Edelstein (19873, up. to.
: _25% of culture-proven cases of legionellosis may be missed by the IFA, even if regular

serum samples are testad over a 6-9 week perlod and only 20~ 40% of Legmnnalres’ Disease .~

patlents will dt}velop dlagnostlc levels of ant:body within a wesk after onset of illness. It
s ‘therefors pOSs:ble that ‘the rate of | seroconversion was higher than that reported in this
N _study The risk fac.tors for Legmnella mfectwn, that may have influenced the baseline titres _ '

a:nd rate of seroconvermon. \mll be. dmussed belew. .

The prevalerze of antibodies in the mine worksts was alréady High_in the age groups
studied, and did ot increase further with increasing age. Similarly, age did not appeaf o
influence thé-_,prevaignée of Legionella antibodies in the factory workers within the age
groups studled, The 'pd'sitiv:e titre 'gx_'a.dient's-were:s;imilar_._in the pnéumoni’a patients of all
ages, while titres above 1:64 were mare prevalent in the mine workers aged between 41 and
50 years. An interesting observation was that, while the rate of seraconversion increased
with age in the mine workers, the opposite was true for the pneumenia patients. This was
unexpected, because the risk of Legionella infections and pneumonia increases with age
(MacFarlane 1989). | | B

Smoking isa known risk factor for symptomatic Legionella infections (Ager et al 1983), and
the amount & person smokes apparently Influences the relative risk of infection (Broome &t

al 1979). Wyndham et al (1986) reported an increased risk of _é;hronic respiratory disease in
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mnae workers who smoke, The prevalence of ant:bodles to- L. pneumopmfa was shghtly-_ o
: lngher in smokers 1han non ~smokers in both the rmne- and faotory workers. but our data

.sugges_t that sm_okmg does not affect the backgro_und exposure to Legionella .o;.gan_:sm_s. _

'-'_,South Afncan gold miners work under stressful condmons of heat and humxdﬂy and are

_exposed to varymg dust levsls, couta:mng numerous atmosphenc pollutants (Wyndham et

~ at1986). The period of past mining expérience (maxnly nndergmund) and previousexposure |

“to hi gh Ievels of dust and/or humu:llty in the workmg envzronment was therefore regarded

us possﬂ:ie risk factors for mereased prevaience and rate of seroeonversmn in the mme .

workers. ‘As the nnmng Workforce 1s now stable and the populatmn tested has 2 long
- previous exposure to the mimng en\nronment. it was not posslble to study the unpact of
 exposure to Legnonella organisms in new recruits Nonetheless our data'show 2 very high
| level of seroeoﬁvemon (18%) m estsbhshed miners over a 6 month penod.

_ Infeet:ons caused hy Legzonella spemes iniclude Legmnnznres' Dlsease and Pontiac Fever,' :

'and subchmcal infections. have been doeumemed (G:rod et af 1982) The incidence of :

.cOmmumty acqu:red pneumoma due to Legionella infections may be as Ingh as- 32%.
| _.'Edelstem (1983) suggested that 7% of eommun:ty acqm:‘ed and. 14% of ‘nosscomial
' "pneumomas 111 the Umted ngdom are caused by L. pneumopb:la and L. nucdade:-
Leglonella 1nfecnons account for ahout 4% of all pneumomas m South Afnea (Koornhof _.

. 1'*(9) The pneumoma pat;ents in the pre§ent stu dy had a seroconversmn rate of 14% to L. -

. pneumapmls serogroups 1- 4, The seroeonvers;on rate in the same pahents to- L.

" pneumophila serogroup 1 alone was 9% (M_a_arteos et al 1994), The fxgure_s may however |
. hav_e been' hfgher if the neﬁod..between collection of the acute .and-con\?ales'een_u‘.'stage%efa: o
was longer, as discus_sed above. In t_he mine workers, the prevalence of 'antibodies-and_' the. -
positive titre gradients were simiiar in workers with respiratory symptoms {i.e. either
tuberculosis, upper respiralory"symptoms.-or pneumonia) and in those without syo‘lpto'xns;
This eorrelated wxlh data pubhshed by Wmn (1934} and Suggests wldespread asymptomatlc :

_ mfeet:ons.

Legionella 1nfec1:10ns occurin all race groups and the race groups of people mfected dunng
outbreaks are usually reflect:ve of the general population of the area (Boldur et al 1986, |
Kaplan et al 1980). Although tHe prevalence of antibodies was shghtly h:gher in black
pneumoma patients than in the coloured patlents, the difference was not stat1stxcally
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“significant. The rate of serotonversion was afso similar in pnevmonia patients of alt races. -

 AND L. PNE HMOEHILA .

' Cross-reacttons between L pneumopnxla and C'. psrt'racz have been demonstrated i the past '
. (Wlllunson et al 1979), but it is not known 1f cross—react:ons will also oceur between L.:

' pneumaphxla e.nd C. pneumomae. Stx of the mine Workers had baselme t:tres zl :64 to both

'orgamsms, and seroconverslon to Jboth orgemsms was demonstrated in one of ‘the workers,'. L

~who had & negatlve basehne, rising to 1t 16 1o C. pneumomae and a baseline titre of 1:126,
'. mcreasmg 1013 1024 to L. pneumapﬁzla. None of the pneumoma patnents had basehne titres

21264 to both organtsms, but seroconvers:on to hoth organtsms was demonstrated in three

_ of the panents In all three cases, the baseline tttree to both G:ganzsms were negatwe.' :

- _'--1ncrea51ng to 116 132 and 1:64 respectively to C. pneumomae and 10 1256 to L.
: pneumopbxle. _T}us Would suggest preumonia caused by L. pneumophda. tather than C.
g _ pneumomae. The possxbxhty of cross- reacttons between the two ergamsms should be kept

in nund, although dual mfecttons cannot be excluded in these patlente.

6.4

I;egionellae are ft'eshtvater organisms that ocetir worldwide in netuiral as .’erell as man-made o
._ sourees like coalmg towers, atr‘-eondtt:omng and water’ dtstnbutton systems and have been
cultured from shower heads and nebulizers (Anrahan et al 1987, Brundett 1989, Muder et
2] 1986, Muraca et al 1988), The orgamsms are very prevalent in the South African
env:ronment {Tob:ansky et al 1986) and are d:Ssemmated by aerosolization of droplete. '
_' Transmmslon through dust pemcles has also been suggested The working consitions in
South-African gold mines-and the living ¢conditions in the communal hostels are there_fot'e :

very favourable for the transmission of legionellas and subsequent infection of the warkers.

“The- inability to culture legionellae from any of the water samples may be due to a

‘Autrient-stress’ period as deseribed b'y Tol:iansky.et af (1986)_. at the ti__m_e of collection of



- the L, 'mples. The results from ths surface samples mdxcated a h:gher prevalence nf' -

B orgamsms in the showers at the ablut:on blocks on the south and east s:des of the hostel_ o

than in any of the other surt‘ace samples. The presmce of urgamsms resemblmg legxonellaa'_' R

' _m ‘the showers correlated with results from several studies wnrldwade (Cordes et al 1981) )
- The fact that only scanty orgamsms were observed fram the underground samples sy be
because these samples were taken from clear, clg,onne treaterl water sources Machine water o

.-"samples shﬁuld be mvestigated in the futﬂre. The posxtlve results in the dlrect

. _.1mmunnf1uorescence test may have been causecf hy cross—reactlons mth orgamsms like B,

: pertuss:s, P afcalzgﬁnes and P ﬂuoresceas and our data cannot canf:rm the m'esence of

'1egmnellae in these sources




.- CHAPTER?7 -

S concLusioN

i‘_
ke,

In general the prevalenee of antzbod:es and seroconversion to both C pneumon:ae and L. N

' pneumOpbria were h:gher than prev:ously reported. Workers in the mme studied would
“appear to suffer deespread exposure- to- both organisms, with frequent i ;mptomzmc or

- asymptomauc mfect:ons. Seroconversxon 6 C. paecurmoniae was associated w:th resplratory_' '

g n—aet mfeot:ons, and occurred ina significant number of workers, desprte probable prevmus o

: exposure to su'nrlar Workmg condmons. _The hxgh rate of SB!'OGODVG]’SIOII to- L. pneumophda

R mdlcated thls Orgamsm as.a posmble st gmflcant cause of pneumoma m, mine Workers.

| "The study of hosg:tahsed pneumorua pntxents confu-med the :mportanee of both C._ |
pneumamae and L. pneu:nophﬂa as eommon eausee of commumty aeqmred pneumonia.
" Treatment strategres should therefore eon*szder the possﬂ:uhty of mfeotmns wnh these

' pathogens, especxally if treatment with cOnvenuonal beta laotarn drugs fan] : '

F urther studles mdxcated *nuld be a prospectzve mveshgahon of new recrt:uts to the mine,

B _ with no prevxous exPenenee. Penodre cllmeal exammahons of the workers, 1nclud1ng' .
' samphng in workmg areas, may 1denufy nsk factors assoc:ated wlth antxbody produchon '

| and seroconvers:on to the orgamems Additional populanons dre presently stuched to.
. determme the prevalence of antibodiesto , pneumomaern South Africa: These populanons
. mclude i::alnesl teenagers. w}ute mmers and étwkc ‘tyand the resuits will be pubhshe_d' _
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