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Plasmidios R de cepas hospitalares
de Salmonella typhimurium

Marcelo Magalh3es*
& Adelma Véras

Resumo

As linhagens multirresistentes de Salmonella typhimurium, atualmente predominando no
Brasil, como agentes causais de infecgdes hospitalares infantis, transportam trés diferentes
classes de plasmidios R. O primeiro, pPE756 (ApSmSu), é conjugativo e pertence ao grupo
Inc N. O segundo, pPE757 (CmKmTe), é plasmidio n8o auto-transferivel, mas mobilizavel
pelos genes transferidores de pPE756. O terceiro plasmidio, pPE771 (Gm), governa resis-
téncia a gentamicina, canamicina e tobramicina, é conjugativo, pertence ao grupo Inc M e
impede a fagotipagem da salmonela hospedeira.

Sumrhary

R plasmids from nosocomial strains of Salmonella typhimurium

Multiresistant strains of Sa/monella typhimurium, which are being recovered at a growing .
rate from pediatric nosocomial infections in Brazil, carry three different kinds of R plasmids.
The first, pPE756 {(ApSmSu), is conjugative and belongs to group Inc N. The second,
pPE757 (CmKmTe), is a non self-transferable plasmid but can be mobilized by the transfer
genes of pPE756. The last plasmid, pPE771 (Gm), controls the resistance against gentami-
cin, kanamycin, and tobramycin, is conjugative, belongs to group Inc M, and becomes the

host salmonella untypable by phages.

Introdugéo

Nos altimos anos, linhagens muitirresistentes
de Salmonella typhimurium tém sido responsa-
bilizadas pela maioria dos casos de infecgio em
bercérios e hospitais infantis de S&o Pauio (4,7)
e Recife (5). As gastrenterites produzidas sdo
graves, geralmente complicadas por septice-
mias e meningites e as cepas bacterianas isola-
das caracterizam-se por notavel uniformidade
de sorotipo (4,12:i:1,2), de fagotipo (193), e de
antibiétipo (ApCmKmSmSuTeNx)**. Freqglien-
temente, este modelo R apresenta ainda o cara-
ter Gm, responsével pela gentamicina-resistén-
cia.

Considerando a crescente importancia de S.
typhimurium, na etiologia das infecgdes hospi-
talares infantis, em nosso meio, decidiu-se ca-
racterizar seus plasmidios R; os resultados sdo
agora apresentados.

Material e Métodos

Duas amostras, recém-isoladas, de S. typhi-
murium, representativas dos dois modelos R
mais freqiientemente encontrados no Instituto
Materno Infantil de Pernambuco (IMIP), foram
utilizadas como fontes doadoras de plasmidios
R. A linhagem PE756, fagotipo 193, antibi6tipo
ApCmKmSmSuTeNx e a linhagem PE771, ndo
fagotipavel, antibiotipo ApCmKmSmSuTeNx-
Gm.

As caracteristicas das cepas padrdo de Fs-
cherichia coli K12, F- ou transportando plasmi-
dios pertencentes a diversos grupos referéncia,
foram descritas anteriormente {6). Os meios de
cultivo e os métodos usados nos estudos de
conjugacgdo, determinagdo do carater Fi, e clas-
sificacdo dos plasmidios nos grupos de incom-
patibilidade foram aqueles relatados por Smith
& col. (8). Na determinagdo dos grupos de in-

* Microbiologia Médica, Centro de Ciéncias da Satde, Cidade Universitaria, 50000 Recife, PE.
** Ampicilina, cloranfenicol, canamicina, estreptomicina, sulfametoxazol, tetraciclina e &cido nalidixico.
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-compatibilidade, os plasmidios isolados das
amostras tipo-selvagem de S. typhimurium,
transferidos para E. coli K12 rif, foram os plas-
midios residentes, enquanto os plasmidios de
referéncia foram os superinfectantes.

Resultados e Discusséao

Os resultados dos cruzamentos entre a cepa
de S. typhimurium PE756.¢e E. coli K12 mostra-
ram dois tipos de ciones transconjugantes. Um
deles, transportando os caracteres ApSmSu,

- foi encontrado a freqliéncia de 1 x 104 por cé-
lula doadora, enquanto o outro clone, transpor-
tando ApSmSuCmKmTe, foi isolado mais rara-
mente {1 x 107%). Os estudos de retransferén-
cia e de segregacdo dos determinantes R, nas
colbnias transconjugantes, indicaram que a
amostra doadora PE756 possui dois plasmidios
R. O primeiro, pPE756 {ApSmSu), governando
resisténcia & ampicilina, estreptomicina e sulfa,
é um plasmidio conjugativo. O segundo,
pPE757 (CmKmTe), codificando resisténcia ao
cloranfenicol, canamicina e tetraciclina, é um
plasmidio ndo auto-transferivel, porém mobi-
lizavel pelos genes transferidores de pPE756
{ApSmSu). Os genes responsaveis pela resis-
téncia ao acido nalidixico, provavelmente tem
localizagdo cromossémica, desde que ndo pu-
deram ser transferidos ou mobilizados, mesmo
com a ajuda dos plasmidios A ou X.

A andlise dos clones transconjugantes, deri-
vados dos cruzamentos entre a amostra PE771
e £ coli K12, mostrou que PE771, além de pos-
suir os mesmos tipos de plasmidios encontrados
na cepa PE756, transporta um outro, mais. Es-

Tabela 1 — Incompatibilidade de pPE771 (Gm)a

te, o plasmidio pPE771 (Gm), codifica resistén-
cia & gentamicina, é conjugativo e transfere-se
para a E. coli K12 a freqliéncia de aproximada-
mente 1 x 10-3 por célula doadora. Embora
ndo se tenha feito qualquer tentativa de carac--
terizar a enzima droga-inativadora, codificada
por pPE771 (Gm), o fenotipo da bactéria hospe-
deira sugere fortemente tratar-se da 2'* amino-
glicosideo adenililtransferase, enzima capaz de
inativar, simultaneamente, gentamicina, siso-
micina, canamicina e tobramicina (3). Em ou-
‘tras linhagens de S. typhimurium, isoladas no
IMIP, mas n#io incluidas no presente estudo, o
carater Gm fregiientemente esté ligado ao cara-
ter Ap. Nestas linhagens, portanto, dois grupos
de genes, localizados em diferentes plasmidios,
controlam a inativagdo da ampicilina. Fato se-
melhante ocorre com referéncia a canamicina
que, nestas amostras gentamicina-resistentes,
é substrato tanto para a gentamicina adenilil-
transferase, como para outra enzima, controla-
da pelo préprio plasmidio Km. Esta enzima pro-
vavelmente é a 3’ aminoglicosideo fosfotransfe-
rase, desde que, além da canamicina, neomici-
na e paromimicina sdo também inativadas (3). A

. existéncia de um plasmidio conjugativo, codifi-

cando somente resisténcia & ampicilina, seme-
Ihante ao.encontrado recentemente em certas
cepas lactose-positivas de S. typhimurium (1),
ndo pode ser evidenciada em nossas. duas
amostras. Talvez, se um maior nimero de cui-
turas fossem incluidas no estudo, o plasmidio
Ap poderia ter sido isolado.

Os testes de incompatibilidade mostraram
que os plasmidios ApSmSu, independente-
mente da linhagem bacteriana doadora, perten-
cem ao grupo Inc N e inibem a fertilidade. Estes

Plasmidio

N¢ de coldnias transconjugantes replicadasb

Grupo Placa Com o plasmidio Com ambos
referéncia Inc Matriz Com pPE771 referéncia plasmidios
R386 Fi 210 205 200 200
R538 Fll ) 190 180 190 190
R124 FIV 160 150 150 140
R144 la 190 180 170 170
R621a 19 200 200 190 180
RP4 P 180 180 170 170
R446b M 400 340 40 0
RN3 N 180 180 180 180
R27 W 190 180 190 170

a pPE771 foi o plasmidio residente
b resultante de 3 clones “duplos” purificados.
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plasmidios, diferentemente de outros plasmi-
dios pertencentes ao grupo N, ndo tornam a
bactéria hospedeira susceptivel ao fago lke e
produzem especifica fago-restricio em S.
typhimurium tipo 36 (2). Por outro lado, os
plasmidios Gm ou ApGm sdo Fi- e pertencem
ao grupo Inc M (Tabela 1). Plasmidios Gm, com
caracteristicas semelhantes a esses, foram pre-
viamente isolados na Franga, de outras entero-
bactérias e de Pseudomonas {9). A semelhanca
dos plasmidios ApSmSu e CmKmTe, encontra-
dos nas duas cepas estudadas, sugere que as li-
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nhagens gentamicina-resistentes de S. typhi-
murium, ndo fagotipaveis,-cada vez mais co-
muns-nos hospitais infantis do Recife, original-
mente pertenceram ao fagotipo 193 e que se
tornaram ndo fago-tipaveis ao adquirirem o
plasmidio Gm.
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Utilizacdo de petrdleo
e hidrocarbonetos
por micobactérias*

Celso Luiz Cardoso**

& Paulo Pinto Gontijo Filho***

Resumo

O estudo da capacidade de degradar os hidrocarbonetos hexadecano ou heptadecano,
mostrou 22 cepas de crescimento rdpido, com intenso crescimento na presenga destas
substancias, ap6s 14 dias de incubago, embora apenas quatro (18,3%) utilizassem o pe-
tréleo bruto. As 13 cepas de crescimento lento testadas, mostraram algum crescimento, na

presenca do hexadecano ou heptadecano.

Summary

Petroleumn and hydrocarbon degradation by mycobacteria

All of the 22 fast growing mycobacteria tested utilized hexadecane or heptadecane but only
four {18,3%) of them grew on raw petroleum after 14 days incubation. Slight growth in the
presence of hexadecane or heptadecane was noted for 13 slow growing strains.

Introdugéo

Em vista da necessidade da exploragdo de
petroleo e seus derivados, como fontes de
energia, a atengdo publica foi despertada para
os efeitos poluentes de tais explorages, parti-
cularmente em relagdo ao meio ambiente. Con-
siderando-se que a populag8o microbiana que
degrada os dleos e seus derivados constitui a
defesa natural deste ecossistema, torna-se ne-
cessario o melhor conhecimento dos microrga-
nismos quanto a potencialidade de atuarem co-
mo agentes antipoluentes ou como indicadores
da poluigdo ambiental (7). A presencga destas
bactérias, em estuarios marinhos, foi estudada
por diversos autores {1, 4, 5).

Micobactérias, isoladas de aguas poluidas
com oleo e residuos domésticos, foram avalia-
das quanto a capacidade de crescerem na pre-
senc¢a de petréleo e hidrocarbonetos.

Material e Métodos

Entre as 158 cepas de micobactérias isoladas
por Cardoso & Gontijo {3}, a partir de 4guas po-
fuidas com residuos industriais e domésticos,
selecionou-se 18 amostras de crescimento rapi-
do identificadas biogquimicamente e com os se-
guintes nameros: 65, 108, 473, 604, 606 (M.
fortuitum); 673, 675, 716, 791, 793 (M. smeg-
matis); 157, 766, (M. diernhoferi); 180, 768 (M.
phlei}; 717, 747, 763, 772 (ndo identificadas); e
7 amostras de crescimento lento: 164 (M. scro-
fulaceum); 218 (M. gordonae); 85 (M. flaves-
cens); 88 (M. avium-intracellulare}; 1022 (M.
terrae); 144 (M. triviale); e 209 (M. gastri). Para-
lelamente, foram testadas as respectivas amos-
tras tipos dessas espécies, exceto para a cepa
n? 144,

Desta forma, foram ensaiadas 13 amostras
de micobactérias de crescimernito lento e 22 de

*  Trabalho realizado no Instituto de Microbiologia da UFRJ, com recursos do CNPq (processo n® 22220162/77) e FINEP

{Convénio 527/CT)

** Fundag8o Universidade Estadual de Maringd, 87100 Maring4, PR. Bolsista do CNPq.
*** |nstituto de Microbiologia da UFRJ, liha do Fund&o, 20000 Rio de Janeiro, RJ. Bolsista do CNPg.
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crescimento réapido, utilizando-se petréleo bru-
to {(cedido pela Refinaria de Marinhos, Rio de
Janeiro, e proveniente da Arabia Saudita) e he-
xadecano, ou heptadecano {‘'Praire Regional La-
boratory National Research Counci! Saskatoon,
Saskatchewan, Canada’’), como Unica fonte de
carbono incorporada no meio mineral, propos-
to por Mills, Breuil & Colwell (5), cuja férmula é
~a seguinte: NaCl 20,0g; MgSO, - 7H,0 1,0g;
KCI 0,7g; KH,PO, 2,0g; Na,HPO, 3,0g; NH,NO,
1,0g e 4gua destilada, g.s.p. 1000,0ml. '

Distribuem-se volumes de 5ml em tubos com
tampa de rosca (12 x 150mm), adicionado 25ul
do substrato com auxilio de pipeta calibrada
(Cooke-Engineering C.0., n? 220-5), e autocla-
vado a 120°C, durante 10 minutos. O pH, antes
e apOs a esterilizacdo, foi de 7,2 e 7,0, respecti-
vamente (“pH’" meter model-10 Corning).

Os tubos foram semeados em duplicatas,
com 0,1ml do indculo e incubados em estufa a
37°C, durante 28 dias, com agita¢&do de 100rpm
(Laboratory rotator-model G2, New Brunswick
Scientific Co., Inc., Brunswick, N.J.). A sus-
pensdo a ser utilizada como inéculo incubado,
foi preparada a partir de crescimento na fase
ativa, em meio de Loewenstein-Jensen, de mo-
do a se obter suspensdo levemente turva, em
dgua destilada estéril, com turbidez visualmen-
te comparavel a de suspensdo padrdo de sulfa-
to de bério, preparada pela adigdo de 0,5ml de
uma solucdo de cloreto de béario 0,048 M a
99,6m! de solucéo de acido sulfdrico 0,36 A.

As leituras foram realizadas com 14 e 28 dias
de incubacdo, relacionando-se a degradagdo
dos substratos com a presenca de crescimento,
registrada como: - = crescimento ausente;
{+) = crescimento pobre; + = crescimento
com pequenos grumos . dispersos no meio;
+ + = crescimento com muitos grumos;
+ + + = crescimento COm NUMeErosos grumos
e formag&o de peliculas superficiais. O controle
da pureza foi realizado apds a leitura, com 28
dias, através da colorac8o de Ziehl-Neelsen.

Adicionalmente, preparou-se os seguintes
controles: (a) meio mineral (5ml) + indculo
(0,1mi}; (b) meio mineral (4,5ml} + solugdo de
glicose a 5% (0,5ml) +indculo (0,1ml); (¢) meio
mineral (5ml); (d) meio mineral {5ml) + subs-
trato (25ul); e (e} meio mineral (4,5ml) + solu-
cHo de glicose a 5% (0,6mi). Os controles a (ne-
gativo) e b (positivo) foram empregados para
todas as amostras testadas, e os trés Ultimos
(c-e), em triplicata para cada experiéncia.
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Resuitados

Os_resultados obtidos nas experiéncias de
degradag8o de petréleo e hidrocarbonatos es-
tdo nas Tabelas 1 e 2. As 22 cepas de micobac-
térias de crescimento rapido ensaiadas apre-
sentaram, sem excegdo, a capacidade de cres-
cer na presenca de hexadecano ou heptadeca-
no, embora apenas as de nGmeros 473, 716,
753 e ATCC-19.340 (amostra tipo de M. dier-
nhoferi) tivessem utilizado o petréleo. As cepas
de numeros 473, 673, 791, 19.340 mostraram
crescimento mais intenso do que as demais,
frente aos dois hidrocarbonetos, na leitura de
28 dias.

Ao contrario do observado para as micobac-
térias de crescimento rapido, as 13 de cresci-
mento lento ndo mostraram nenhum cresci-
mento, em 14 dias, no meio mineral com glico-
se {controle positivo) ou hexadecano ou hepta-
decano. A amostra padrdo de M. flavescens foi
a Unica excecdo (Tabela 2). No entanto, apds o
cultivo de quatro semanas, 12 das 13 cepas en-
saiadas, apresentaram algum crescimento, nos
tubos contendo os hidrocarbonetos. Nenhum
destes microrganismaos foi capaz de degradar o
petréleo, nas condicdes de realizacdo do teste.

Discusséo

A presenca de micobactérias em solos petro-
liferos, capazes de crescer na presenca de hi-
drocarbonetos alifaticos, foi evidenciado por.
Brown & Pabst (3). Esta propriedade parece es-
tar intrinsicamente relacionada a estes micror-
ganismos, embora muito pouco deste assunto
seja conhecido (6).

No momento, a degradacdo de hidrocarbo-
netos, por microrganismos, reveste-se da mais
alta importancia, em face ao problema da polui-
c8o ambiental pelo petréleo. A presenga de va-
rios terminais petroliferos, assim como a exis-
téncia de duas refinarias na baia da Guanabara,
colocam a poluicdo pelo 6leo entre os principais
desafios no trabalho de recuperacdo da agua e
praias da regido. Algumas espécies de mico-
bactérias ndo patogénicas, capazes de utilizar
hidrocarbonetos, podem ser utilizadas para
descontaminar ambientes poluidos, com sub-
produtos de petrodleo.

Westlake & col. (9) demonstraram que a
composicdo quimica dos diversos petroleos
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Tabela 1 — Degradagéo de petréleo e hidrocarbonetos pelas amostras de crescimento rapido

Amostra tipo, Controle positivo* Petréleo bruto Hexadecano Heptadecano
ou n? da

amostra isolada 14 dias 28dias 14 dias 28dias 14 dias 28 dias 14 dias 28 dias

M. fortuitum :

(ATCC 6.841) ++4+  + 4+ - - + + ++ ++ + +
65 ++ 4+ +++ - — + + + + + +
108 +++  +++ — - + + + + + ++
473 +++  +++ — + + + + + + ++ +
604 ++4+  +++ — — + + + + + + +
606 +++  +++ — — + + + + + + +

M. smegmatis 4t - - + ++ + ++

(ATCC 14.468)
673 . +++  +++ - — + + + + + ++ +
675 +++ +++ - — + + -+ + + 4
716 1T +++  +++ - + + + + + + ++
791 + + ++ + - — ++ ++ + + ++ +
793 R S — — ++ ++ + 4+ ++

M. diernhoferi '

(ATCC 19.340) ++4+  +++ - + + ++ + + ++ +
157 + + + + + — - + + + + ++
766 +++ 4+ ++ — — + + + + + + + +

M. phlei

(aTCC 10.142) | T ++ - - * o r
180 +++  +++ - — + + + ++
768 + + + — - + + + +

Néo identificadas

717 + + - — + + + +
747 +++  +++ — — ++ - ++ + + ++
753 +++  + 4+ — + + -+ + + + + + +
772 +++  +++ — — + + + + + +

* Meio mineral com 0,5% de glicose

Tabela 2 — Degradagdo de petréleo e hidrocarbonetos pelas amostras de crescimento lento

Amostra tipo, Controle positivo* Petréleo bruto Hexadecano Heptadecano
oun? da
amostra isolada 14 dias 28 dias 14 dias 28 dias 14 dias 28 dias 14 dias 28 dias
M. scrofulaceum
(ATCC 19.981) - -~ - ) - -+
164 — — - - — (+) — (+)
M. gordonae
(ATCC 14.470) - - - - (+) - (+)
218 - (+) - — - (+) - (+)
M. flavescens
(ATCC 14.474) L - - * A + t
85 — (+) — — — {(+) — (+
M. avium
(ATCC 25.291) - - - - - ) - ()
88 — - — - - (+) — {(+])
M. terrae .
{ATCC 19.755) - - - (+) - t+)
1022 — (+) — - - (+) - (+)
144 - {+) - — — (+) —_ {(+)
M. gastri _ _ _ _ _
(ATCC 15.754) () ) (+
209 — (+) - - - (+) — (+)

* Meio mineral com 0,5% de glicose
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tem marcada influéncia na sua biodegradabili-
dade, acentuando que a fracdo parafinica é
possivelmente o mais importante componente
com relacdo a esta propriedade, sendo a pri-
meira das fracOes a ser metabolizada pelos mi-
crorganismos. O hexadecano, por sua vez, é
um dos compostos mais representativos da fra-
¢do parafinica.

As cepas de crescimento rapido apresenta-
ram crescimento em 14 dias, na presenca dos
hidrocarbonetos testados, mostrando leve ten-
déncia em degradar, de modo mais acentuado,
o heptadecano. O crescimento obtido para as
micobactérias de crescimento lento foi menos
pronunciado, mas todas foram capazes de utili-
zar os hidrocarbonetos ensaiados, apds 28 dias
de cultivo.

Barksdale & Kim {2} mostraram que duas
moléculas de &cido palmitico participam da
biossintese de uma de acido micdlico, acido
graxo que entra na constituicdo da parede celu-
lar de micobactérias, corinebactérias e nocér-
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Salmonellae and their associated
R-plasmids in
poultry processing wastes

S.M. Goyal
& A.W. Hoadley

Summary

Investigations have been undertaken at two poultry processing plants in Georgia, U.S.A.
to ascertain the extent to which wastes from these plants may serve as sources of salmo-
nellae resistant to antibiotics and their associated R-plasmids. At each plant, close to
80,000 chickens were processed each day, and liquid wastes from these plants were trea-
ted in stabilization pond systems. Salmonellae generally were demonstrated without diffi-
culty in wastes, being diminished by more than 90% through both lagoon systems. At one
plant, the ratio of salmonellae to fecal coliforms was consistently about 1:500. At the other
plant, with a pond system having a total retention time of approximately 44 days, the ratio
decreased from 1:30,080 in the raw waste to 1:3,086 following treatment, suggesting that
salmonellae survived better than did fecal coliforms throught the pond system. Saimonella
serotypes were found to shift with time in both waste treatment systems. Poultry proces-
sing wastes can act as reservoirs of transferable drug resistant salmonellae which are not
reduced relative to fecal coliforms during treatment. Resistance to at least 1 of 12 antibio-
tics tested was demonstrated in 37.2% of isolates tested from plant A and 65.1% of isola-
tes tested from plant B. Of resistant strains tested, 86% and 92%, respectively, were mul-
tiply resistant. Resistance to tetracycline, streptomycin, and colistin were most frequently
encountered at each plant. Of 173 multiply resistant strains from plant B, 72.3% were able
to transfer either all or part of their resistance determinants to £. coli ATCC 27622, S. cho-
leraesuis var. Kunzendorf 460 S.1.-2, or both.

Resumo

Salmonelas e plasmidios-R associados, em abatedouros de aves

Investigacdo dos despejos de dois abatedouros de aves, em Georgia, E.U.A., para conheci-
mento de sua extensdo, como reservatorio de salmonelas resistentes a antibidticos e seus
respectivos plasmidios R. Cerca de 80.000 aves sdo abatidas diariamente, em cada mata-
douro, cujo despejo é tratado em lagoas de estabilizacdo. Salmonelas s&o facilmente de-
monstraveis nos residuos, com mais de 90% de redugdo, apds tratamento nos sistemas de
estabilizagdo. Em uma das unidades abatedouras, a relag8o de salmonelas para coliformes
fecais foi consistentemente 1:500. Na segunda, cujo sistema de lagoa de retengéo dura 44
dias, a relagédo diminuiu para 1:30.800, no residuo ndo tratado, para 1:3.086, sugerindo que
as salmonelas sobrevivem mais do que os coliformes fecais, através do sistema de lagoas
de tratamento. Os sorotipos de salmonelas variam de tempos em tempos, em ambos os sis-
temas de lagoas de tratamento. Os residuos avicolas podem atuar como reservatorios de
salmonelas resistentes a drogas, o que ndo reduz, em relacdo ao tratamento para colifor-
mes fecais. Resisténcia, a pelo menos um, entre 12 antibidticos, fol demonstrada em
37,2% dos isolados, em um abatedouro; e em 65.1% na segunda unidade. Das linhagens
resistentes testadas, respectivamente 86% e 92% exibiram resisténcia muitipla. O mais fre-
quente foi encontrar resisténcia a tetraciclina, estreptomicina e colistina. Das 173 amostras
com resisténcia miltipla, no segundo abatedouro, 72,3% foi capaz de transferir seus deter-
minantes de resisténcia, no todo ou em parte, para £. coli ATCC 27622, S. choleraesuis
var. kunzendorf 460 S.1.-2, ou para ambas linhagens.

Department of Virology and Epidemiology, Baylor College of Medicine, Houston, Texas 77030, U.S.A.; and Formerly with
the school of Civil Enginnering, Georgia Institute of Technology, Atlanta, Georgia 30332, U.S.A.
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Introduction

Domestic poultry constitute the largest reser-
voir of salmonellae in the animal kingdom (4,8)
and the contamination of surface waters by
wastes from chicken processing plants may re-
present a mechanism for the transmission of
these organisms to man and other animals.
Vanderpost & Bell (30) studied effluents from
meat and poultry processing plants in Alberta,
Canada and showed the presence of 21 diffe-
rent Salmonella serotypes in 7 out of 9 plants
studied. Tenant & col. (29) isolated a total of
534 Salmonella strains from the effluents of 3
chicken processing plants in Ontario, Canada.

In many agriculturally advanced countries,
antibiotics are used as feed additives in the diet
of pouitry and other animals to serve as non-
specific growth promoting factors. Often these
same antibiotics are used clinically to treat hu-
man and animal diseases. Populations of anti-
biotic resistant bacteria develop in association
with animals fed rations containing antibiotics
as a result of selection and may spread to the
human population directly or indirectly from the
environment. Different workers have reported
the emergence of resistant organisms following
the inclusion of antibiotics in diets (24, 25, 28)
and the possible risks associated with their use
have been discussed by Smith (23) and Wata-
nabe (31).

The practice of including antibiotics in
poultry feeds coupled with the role of poultry as
the major reservoir of salmonellae, makes
poultry potentially the largest single source of
antibiotic resistant salmonellae. The present
studies were undertaken to ascertain the extent
of poultry processing wastes as sources of sal-
monellae carrying antibiotic resistance and to
identify and control these bacteria and their as-
-sociated drug resistance factors in the environ-
ment of chicken processing plants.

Material and Methods

Description of plants — Studies have been un-
dertaken at two chicken processing plants in
. Georgia to determine the extent to which these
plants served as reservoirs of salmonellae and
their associated resistance transfer factors rea-
ching the external environment. One of the
plants (plant A) processed 75,000 to 80,000
birds per day. Approximately 725,000 gallons of
liquid wastes per day passed directly into an ae-

rated stabilization pond with a mean residence
jtime of 3.5 days. From the aerated pond, the
wastes passed into a facultative pond in which
it was retained for another 3.5 days. The ef-
fluent from the second pond passed over a weir
and was discharged without further treatment
to a receiving stream. After late 1971, however,
raw wastes passed through a flotation unit prior
to entering the aerated pond and the partially
treated wastes leaving the aerated pond were
passed through a settling tank prior to entering
the unaerated pond. At least one further source
of wastes existed upstream from the treated
discharge. During daily clean-up of the plant
and its associated receiving area, drainage en-
tered the stream directly without passing
through the treatment system.

The second plant {plant B) also handled ap-
proximately 80,000 birds per day. The chickens
entering this plant were given feed containing
low levels of chlortetracycline, neomycin, ter-
ramycin or furazolidone. Approximately
350,000 gallons of liquid wastes per day were
treated in a stabilization pond system which
consisted of an aerated pond having a deten-
tion time of seven days. It was followed by a
small anaerobic holding pond and three faculta-
tive ponds in series; the first facultative pond
having a retention time of about 30 days, and
the last two ponds having a combined residen-
ce time of seven days. The effluent from the
last pond was released without disinfection to a
surface stream.

Sampling procedures — Samples of wastes
from the first plant were obtained on 12 occa-
sions between August 1970 and March 1973
and from the second plant on 10 occasions bet-
ween September 1974 and July 1975. Grab
samples were collected in sterile Mason jars
from the raw waste streams and the effluents
of each pond when available, and were retur-
ned on ice to the laboratory for immediate pro-
cessing.

Isolation and enumeration of salmonellae —
Salmonellae were isolated from chicken pro-
cessing wastes and their receiving waters after
enrichment in tetrathionate broth (TTB, Balti-
more Biological Laboratory) to which was ad-
ded 10ml of a 1:1000 agueous solution of bril-
liant green dye per liter (9). The samples were
either inoculated directly into five replicate tu-
bes of TTB or were filtered through membrane
filters (Type HA, 0.45 um mean pore size, Milli-
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pore Corp.), which in turn were added to TTB
tubes. Tubes of TTB were incubated at 37C ini-
tially in the study at plant A but were later incu-
bated at 41.5C as recommended by Spino (27).
The enrichment broth was incubated for 24 and
48 hours after which one loopful of broth was
" streaked on plates of brilliant green agar contai-
ning 0.08g of sulphadiazine per liter of agar
(BGS, BBL). Streaked plates were incubated at
37C for 24 hours before examihation and co-
lony selection. At least two typical colonies we-
re picked from each plate and restreaked on
McConkey agar for purification. Purified colo-
nies were inoculated into slants of triple sugar
iron agar {TS!) which in turn were incubated at
37C for 24 hours.

Strains exhibiting characteristic reactions on
TSI agar were subjected to slide agglutination
tests employing polyvalent O and 15 O group
antisera (Difco Laboatories and Lee Laborato-
ries) reacting with the serotypes most fre-
quently isolated in the U.S. (16). Of 365 isolates
assignable to a specific O group, flagellar anti-
gens were determined on 88. H broth (BBL)
was inoculated from TSI agar slants and incu-
bated at 37C for 24 hours. Cultures were killed
with an equal volume of 0.6% formalized sali-
ne, and H antigens were determined employing
Spicer-Edwards pooled antisera (Difco Labora-
tories). Serotypes were confirmed employing
single factor antisera (Difco Laboratories). The
second phase was isolated in the semisolid me-
dium of Edwards and Bruner (BBL) and tested
in the same manner. Twenty cultures were sent
to the Georgia Department of Public Health for
identification and confirmation.

Most probable numbers of salmonellae were
obtained employing MPN tables (1) or were ap-
proximated from the following formula:

Number of positive tubes

MPN/ml =
JNumber of ml in negative tubes/

Enrichments were considered positive if they
yielded isolates which could be assigned to a
Salmonella O group. All such isolates, when
their flagellar antigens were analysed, were
found to be typable as salmonellae.

x Number of mi in alt tubes

Antibiotic resistance — Ninety four Salmonella
strains isolated during 1972 and 1973 were tes-
ted for their resistance to 14 antimicrobial
agents by the single disc diffusion method of
Bauer & col. (2) employing sensi-discs (BBL).
The strains isolated. in 1974 and 1975 were tes-
ted against 12 antibiotics only. The discs of an-
tibiotics used and their concentrations were as

follows: Ampicillin (10ug), cephalothin (30ug),
chloramphenicol (30ug), colistin (10ug), furoxo-
ne (100 pg), gentamicin (10 pug), kanamycin
(30ug), nalidixic acid {30ug), neomycin (30ug),
streptomycin (10ug), sulphathiazole (1ug), te-
tracycline (30ug), and triple supha (250ug). Zo-
ne sizes were interpreted according to the stan-
dard recommendations. For the statistical
analysis of the data, the strains exhibiting “in-

At racictannn’’

termeaiate resistance
tant to the antibiotic in question. A multiply re-
sistant strain of Salmonella obtained from John
Bennett, Center for Disease Control, Atlanta,
Georgia and a fully sensitive strain of Escheri-
chia coli {ATCC 25922} were used as controls.

aro o H ic-
were considered resis

Demonstration of resistance transfer — The
strains of Salmonella isolated in 1974 and 1975
were tested for their ability to transfer resistan-
ce. Isolates exhibiting resistance to at ieast two
drugs including streptomycin {S) or tetracycline
{Te) (but excluding nalidixic acid, NA) were tes-
ted for their ability to transfer resistance to £.
coli (ATCC 27622; NA resistant, lactose positi-
ve) and to the S. choleraesuis var. kunzendorf
460 S.1.-2 (NA resistant). Transfer was detec-
ted on McConkey agar plates containing NA
(30ug/ml) and either S (10ug/ml) or Te
{30ug/ml).

Both donor and recipient cultures were
grown separately for 16-18 hours at 37C in
Mueller-Hinton broth (MHB, BBL) after which
0,5ml of each culture was inoculated into a tu-
be containing 4ml of sterile MHB. The mixture
was incubated in a water bath at 37C for 2
hours. After this mating period, a swab of the
mixture was streaked on the surface of two pla-
tes of McConkey agar; one containing NA and
S and the other containing NA and Te. On this
medium, only transconjugants that have acqui-
red resistance to the drug incorporated into the
agar grow. Colonies that appeared on these
plates after incubation at 37C for 24 hours were
picked and tested for patterns of antibiotic re-
sistance.

Results

Studies have been undertaken to determine
populations of salmonellae in the wastes of 2
chicken processing plants in the state of Geor-
gia, U.S.A. (Tables 1 and 2). The geometric
mean MPN of salmonelliae in the raw waste at
plant A was 238 organisms/100mi. At plant B a
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Table 1 — Populations of salmonellae in the pond system of plant A

Number Geometric mean Per cent
Source of . @
{MPN/100ml} reduction
samples
Prior to installation of flotation unit and clarifier
Raw waste 5 238
69.8
Effluent from
aerated pond 7 71.8
90.8
Discharge to
stream 7 6.6
After installation of flotation unit and clarifier
Raw waste 0 —
Effluent from
aerated pond 3 8.9
63.2
Discharge to
stream 3 4.2

a Overall reduction was 97.2% prior to installation of flotation unit and clarifier

Table 2 — Populations of salmonellae in wastes of plant B

Number Salmonella {MPN/100ml) Ratio of salmonellae: Per cent
Source of fecal coliforms Reduction®
samples Range Median
Raw waste 10 <2—1.6x 108 79 1:30,380
79.2
Effluent from 9 <2-1.6% 108 16.4 ° 1:12,857
aerated pond
Effluent from facultative 5 4.9-49 17 1:3,030
pond 1
58.8
Effluent from facuitative 3 7..33 10 1:788
pond 3 2
40.0
Discharge to 9 <2-16.2 6 1:3,086
stream
a Median

b Overall reduction was 92.4%

median MPN of 79 salmonellae/100ml, varying
from <2 to 1.6 x 108 salmonellae/100mi in in-
dividual samples. Geometric means of popula-
tions in the treated effluent of plant A were 4.16
or 6.6 per 100m! depending upon whether the
samples were obtained before or after the ins-
tallation of a flotation unit and clarifier. The me-
dian MPN of salmonellae in the final effluent of
plant B was similar, i.e., 6 per 100ml.

Limited investigations were undertaken of
salmonellae isolated from receiving water sam-
ples at plant- A inoculated directly into enrich:
ment broth (Table 3). Geometric mean counts

upstream from the main discharge were 110
and 19.5 salmonellae/100ml before and after
changes in the treatment system, respectively.
Counts decreased downstream, but salmonel-
lae were detected as far as 5km from the point
of discharge. Drainage from the plant and its
surroundings which entered the stream above
the point of discharge was found to contain 94
salmonellae/100ml when sampled on one occa-
sion.

Three hundred and sixty five strains of Sa/l-
monelfa were isolated from plant A and assig-
ned to O groups. From plant B, 327 strains of
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Table 3 — Population of salmonellae in drainage and the receiving stream of plant A

MPN/100ml of salmonellae?

Sampling location

Prior to installation of
flotation unit and clarifier

After installation of
flotation unit and clarifier

Drainage

50m upstream from
main discharge

300m downstream from
main discharge

1km downstream from
main discharge

3.5km downstream from
main discharge

5km downstream from
main discharge

94
110

4.7

19.5
136

8.50

<1.8
0.2

a Geometric mean
b Median

Salmonella were isolated, of which 204 were
assigned to O groups {summarized in Table 4).
Serotypes falling in O groups B, C,, and E were
common at both plants A and B. Isolates
belonging to group G, representatives of which
were identified as S. enteriditis ser. cubana,
occurred only at plant. A, and were most fre-
quently isolated between August and October,
1970. Isolates belonging to other O groups pre-
dominated generally in only a limited number of
monthly samples. Groups B and E were predo-
minant in plant B early in the study but later ga-
ve way to group C,.

Table 4 — Distribution of O groups among Sa/monella iso-
lates

Salmonella O group

B ¢ C D E G NTe
PlantA 142 8 3 — 5 8  —
PentB8 8 70 2 1 47 — 58

a NT = Not tested

Of a total of 172 Sa/monella isolates from
plant A and 326 isolates from plant B, 64
(37.2%) and 212 (65.1%), respectively, were
resistant to at least 1 antibiotic tested (Table 5).
The proportion of multiply resistant strains
among resistant isolates of Salmonella were
86% and 92% respectively at plants A and B.
Strains resistant to a maximum of 7 antibiotics
were isolated at plant A and to 9 antibiotics at
plant B.

Table 5 — Antibiotic resistance among Sa/monella isolates
from two plants

Antibiotic resistant

Nut_nber of Salmonella isolates
resistance
determinants Plant A Plant B
Number (%) Number (%)
9 0 (0.0) 1(0.3)
8 0 (0.0) 2 (0.6)
7 1 (0.6) 2 (0.6)
6 1(0.6) 20 (6.1)
5 0(0.0) 16 (4.9)
4 4(2.3) 31 (9.5)
3 23 (13.4) 46 (14.1)
2 26 (15.1) 69 (21.2)
1 9 (5.2) 25 (7.7)
0 108 (62.8) 114 (34.9)
Tofal number of
isolates tested 172 326
Number (%) resistant 64 (37.2) 212 (65.1)
Number {%) multiply g5 (37 0) 195 (57.4)

resistant

The most common resistance determinants
among Salmonella isolates from plants A and B
were for Te, S, and CL (Tabie 6). None of the
isolates from either plant was resistant to gen-
tamicin. Resistance to Fx was absent among
isolates from plant A but occurred in 34.7% of
all isolates from plant B. Resistance to CF was
also more frequent among isolates obtained at
plant B. A total of 19 different antibiograms we-
re demonstrated among Sa/monella isolates
from plant A and 38 among isolates from plant
B. Eight of these antibiograms were common
to isolates from both plants.

The results of antibiotic resistance transfer
experiments using isolates from plant B as do-
nor strains are shown in Table 7. Of 173 mul-
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Table 8 — Resistance of Sa/monella isolates to individual
antibiotics

_ PLANT A PLANT 8
Antibiotic Number (%) resistant Number (%) resistant
Tes - 51(29.7) 177 (64.3)
S 31{18.0) 117 (36.0}
CL 18 (10.5) 107 (32.8)
K 12 (7.0) 16 (5.0)
N 10 (5.8) 123.7)
NA 10 (5.8) 14 {4.3)
C 3(1.7) 27 (8.3)
CF 301.7) 63 (19.3)
Am 2(1.2) 19 (5.8)
SSS 2{(1.2) Not Done
Fx 0(0.0) 113 (34.7)
Gm 010.0) 01(0.0)
Tota.l number 172 326

of isolates

a Am = Ampicillin; CF = cephalothin; C = chloramphenicol; CL =
colistin; Fx = furoxone; Gm = gentamicin; K = kanamycin: NA =
nalidixic acid; N = neomycin; S = streptomycin; SSS = triple sul-
pha; and Te = tetracycline

tiply resistant strains tested, 125 (72.3%) were
able to transfer either all or a part of their resis-
tance pattern to one or both of the two reci-
pient strains. About 69% of the R+ strains

transferred all the resistance determinants pre-
sent, Of the 125 R+ isolates, 108 (86.4%) trans-
ferred only 5 patterns of resistance. The most
commonly transferred resistance determinant
was Te, which was transferred by 108 of 125
R+ strains. This was followed by S, Cl, and Fx
which were transferred by 76, 45, and 45

.strains, respectively. S and Te together were

transferred by 63 strains.

Among Salmonella isolates from the waste
treatment system at plant B, the frequency of
resistance to at least one antibiotic increased
steadily from 55.8% in the raw waste to 94.7%
in the final effluent. Similarly, the frequency of
multiple resistance increased from 49.3% in the
raw waste to 80% in the final effluent (Table 7).
Among multiply resistant strains isolated from
the raw waste, 76.1% were able to transfer re-
sistance. In the final effluent, 68.4% were able
to transfer resistance. The proportions of
strains from the effluents of the aerated pond
and the first facultative pond transferring resis-
tance were 76.1% and 80.8%, respectively, al-
though among a limited number of strains from
the effluent of the second pond, only 33.3%
transferred resistance.

Table 7' — Numbers of Sa/monella strains transferring resistance

Number (%) of

Number Number (%) transferring

Source strains multiply of all or part
resistant strains tested of their resistance?

Raw waste - 68 (49.3) 67 51 (76.1)
Effluent from i
aerated pond 49 (67.7) 46 35 (76.1)
Effluent from
facultative 35 {71.5) 26 21 (80.8}
pond 31 .
Effluent from
facultative 15 (78.9) 15 5(33.3)
pond 2
Final Effluent 28 (80) 19 13 (68.4)
Total 195 173 125 (72.3)

a Isolates transferring all or part of their resistance pattern to either £, coli and/or Salmonella receptor strain

Discussion

Although salmonellae generally were de-
monstrated without difficulty and without so-
phisticated isolation techniques, the popula-
tions detected at both plants (Tables 1 and 2)
appear to be low in view of studies of municipal
treatment facilities reported bu Cheng & col.
(5), but are not inconsistent with those repor-
ted by McCoy (15). Pre-enrichment, which may

enhance recoveries of salmoneliae, was not
employed in the present studies. Vanderpost
and Bell (30) recovered salmonellae frequently
from 10 and 1ml samples of the effiuent from 7
of 9 meat and poultry processing plants studied
in Alberta, Canada. Similarly, Tenant & col.
{29) isolated salmonellae from effluents of three
poultry packing plants in Ontario, Canada. No
comparison of populations can be made, howe-
ver, because population densities were not de-
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termined in their studies. The data obtained in
the present studies suggest, furthermore, that
populations of salmonellae may be reduced by
more than 80% in pond systems.

Salmonellae were isolated from the receiving
stream as far as bkm downstream from plant A
(Table 3) which indicates that a poultry proces-
sing plant may indeed serve as a reservoir or
salmonellae reaching surface waters and exert
and influence upon them. These data are con-
sistent with those reported by other investiga-
tors (5, 6, 7). The detection of high counts of
salmonellae above the point of discharge pro-
bably reflects the effects of drainage from the
processing plant, and suggests that drainage
from the environment of such plants, as well as
the process wastes themselves, can be and im-
portant source of salmonellae streams.

The relationship between fecal coliforms and
salmonellae was investigated at both plants A
and B. On the average, a ratio of 216 salmonel-
lae per 100,000 fecal coliforms, or about 1 Sa/-
monella per 500 fecal coliforms, was found to
occur at plant A, suggesting that a constant re-
lationship existed between the pathogens and
indicators of fecal contamination at this plant,
and that this relationship might be employed in
conjunction with MPNs of fecal coliforms to es-
timate numbers of pathogens released to, and
existing in, the environment. At plant B, me-
dian ratios of salmonellae to fecal coliforms de-
creased from a high of 1:30, 380 in the raw was-
te to a low of 1:788, suggesting that ratios of
salmonellae to fecal coliforms at chicken pro-
cessing plants may vary from plant to plant,
and that they can vary considerably over long
periods of time when exposed to environmental
stress. Ratios were lower in wastes from plant
B than from plant A (Table 2) which probably
reflects greater care taken at the former plant to
assure the quality of fish meal incorporated into
feeds. Their decline through the sewage treat-
ment plant suggests that salmonellae survived
through the pond system better than did fecal
coliforms.

A striking feature of populations of salmonel-
lae in the external environment of chicken pro-
cessing plants was their variable composition.
Strains of group B often predominated in both
the plants. The data suggest that serotypes oc-
curring in the environment of a processing
plant may not persist for as long as S. enteriti-
dis ser. paratyphi B in sewers {12).

Another striking feature evident in Tablg 4
was the absence of group G Sa/monella at plant

B whereas they were next in frequency only to
group B in plant A. Group G isolates were pro-
bably all' S. enteritidis ser. cubana and were
predominant among Sa/monella strains isolated
between August, 1970 and January, 1971. The
very high proportion of S. enteritidis ser. cuba-
na in the chicken processing wastes of plant A
immediately preceeded and coincided with a
sharp peak in the number of isolations of this
rare serotype from human sources in most of
the United States.

Individual serotypes isolated from both
plants in general resembled those reported in si-
milar wastes by Tenant & col. (29} except that
these investigators did not isolate serotypes fal-
ling outside O groups B, C, and C,. Differences
in serotypes from piant to piant and shifts with
time at individual plants are not surprising since
shifts have been shown to occur even within a
single plant from hour to hour as the source of
pouitry changes (9, 11, 13, 14, 17, 18, 32).
Shifts in serotypes may occur within flocks as
they grow to maturity and these shifts probably
occur in relation to salmonellae present in feeds
(17).

The most common resistance determinants
detected at plants A and B were for Te, S, and
Cl. Resistance to Fx was common among isola-
tes obtained at plant B, but not plant A, pro-
bably reflecting the use of Fx for preventive and
curative purposes at plant B. The frequencies
of resistance to antibiotics among salmonellae
isolated at plants A and B were higher than the
20.4% reported by Tenant & col. (29) from
poultry packing plants in Ontario, Canada. Fur-
thermore, the frequencies of 32.0% and 57.5%
multiply resistant strains isolated from plants A
and B, respectively, is considerably higher than
9.1% found by Tenant. Finally, the maximum
number of resistance determinants among iso-
lates from plants A and B far exceeded the 3
observed by Tenant. These observations may
reflect greater use of antibiotics in feeds in the
U.S., and particularly at plant B.. Another rea-
son for the apparently higher prevalence of
drug resistant salmonellae in our studies might
be that strains falling in the "“intermediately re-
sistant” category were considered as ‘‘resis-
tant’’ in our studies. Te and S resistance were
next in frequency to sulphafurazole among Sal-
monella isolates of Tenant & col. (29). Resis-
tance to Te and S has been found to be most
common Salmonella isolates from human and
animal sources in the northeast U.S. {19, 22);
from animal sources in England and Wales (26);
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and from human sources in the state of Califor-
nia (3).

The survival of antibiotic resistant salmonel-
lae and of salmonellae carrying transferrable re-
sistance is of some interest as it relates to the
ecology of resistance, its spread, and the po-
tential for maintaining reservoirs of resistance
outside the clinical environment. Richmond
{20, 21) has argued that, while resistance trans-
fer in patients may undermine therapy, resis-
tant bacteria among the normal resident popu-
lations of the gut, many of which carry R plas-
mids, constitute the major source of resistant
organisms in patients undergoing therapy. The
environment may serve as a source of resistant
organisms. The incidence of resistant bacteria
in the environment, in turn, should reflect the
selective pressure of antibiotic usage.

- The steady increase in the frequency of sal-
monellae resistant to at least 1 antibiotic from
55.8% in.the raw waste to 94.7% in the final ef-
fluent and of multiply resistant strains from
49.3% to 80% suggests that resistant orga-
nisms are at an advantage relative to non-resis-
tant strains. It is notable that the frequency of
multiply resistant isolates able to transfer all or
part of their resistance determinants, while it
varied somewhat, did not change appreciably
through the treatment system, suggesting that
transferrable and non-transferrable resistance
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Ocorréncia de micobactérias
em aguas polufdas

com residuos industriais

e domésticos®

Celso Luiz Cardoso**

& Paulo Pinto Gontijo Filho***

Resumo

Foram isoladas 158 cepas de micobactérias a partir de amostras de dgua poluida, notada-
mente com residuos de petrdleo, apds a depuracdo com hidrdxido de sodio a 4% (111 ce-
pas}, ou cloreto de benzalconio a 0,34% (47 cepas}. A maioria das micobactérias isoladas
comportou-se como pertencente ao grupo Il de Runyon (78 cepas), seguindo-se as de
crescimento répido (61 cepas) e as escotocromogénicas, de crescimento lento {19 cepas).
Aproximadamente 32% das cepas foi caracterizada como micobactérias potencialmente
patogénicas, incluindo M. avium-intracellulare (3,8%), M. scrofulaceum (6,3%) e M. for-
tuitum {22,2%). Conclui-se que a dgua do Rio Jacaré est4 contaminada com micobactérias
potencialmente patogénicas, podendo servir como fonte de doenca humana.

Summary

Occurrence of mycobacteria in water polluted with industrial and domestic residues

From water polluted with petroleum residues 150 strains of mycobacteria were is chated by
treatment with 4% sodium hydroxide (111 strains) or with 0,34% benzalkonium chloridre
{47 strains). Seventy-eight of the isolates were assigned to Runyon’s group lll. Another 61
were grouped and characterized as rapid growers and 19 into the scotochromogenic group.
About 32% of the strains were characterized as potentially phatogenic mycobacteria, inclu-
ding M. avium-intracellulare (3,8%), M. scrofulaceum (6,3%) and M. fortuitum {22,2%). it
is concluded that the water is contaminated with potentially pathogenic mycobacteria and

thus serve as a source of human disease.

Introducéo

As doencas causadas pelas bactérias do gé-
nero Mybocaterium sdo denominadas micobac-
terioses (14, 25). As micobactérias patogénicas
para o homem podem ser subdivididas em 3
grupos: | — estritamento patogénico, cuja pre-
sengca em material clinico implica necessaria-
mente em doenca, classicamente representado
por M. leprae, M. tuberculosis, M. bovis, M. ul-
cerans, M. africanum; 2 — potencialmente pa-
togénico, no qual a patogenicidade est4 intima-
mente associada & diminui¢8o de resisténcia or-
génica geral ou local do hospedeiro, reunindo
M. kansasii, M. marinum; M. xenopi, ‘‘comple-
xo M. avium'' e as espécies, recentemente des-
critas, M. simiae, M. szulgai e M. haemophi-

Jum; e 3 — um dltimo grupo formado por M.
scrofulaceum, M. fortuitum e M. chelonei, ge-
ralmente isolados como contaminantes das se-
crecbes humanas, sendo muito raramente res-
ponséveis pela etiologia do processo infeccioso
(4, 26},

Muito pouco € conhecido sobre a epidemio-
logia das infeccGes causadas pelas micobacté-
rias oportunistas (grupos 2 e 3 acima) (23, 25).
De acordo com Fogan (6}, ndo h4 evidéncia de

* transmissdo, por contato direto destas mico-

bacterioses. Uma excecdo corresponde ao
“granuloma de piscinas’’, causado pelo M. ma-
rinum (24). Neste caso, o reservatério natural,
assim como a fonte de infeccdo e o modo de
transmissdo sdo conhecidos; ao contrério do
que ocorre com as doencas causadas por V.

*  Trabalho realizado no Instituto de Microbiologia da UFRJ, com recursos do CNPq (processo n?® 22220162/77), e FINEP

{Convénio 527/CT).

** Fundagdo Universidade Estadual de Maring4. 87.100 Maringda, PR. Bolsista da CAPES.
*** Instituto dé Microbiologia da UFRJ, ilha do Funddo, 20000 Rio de Janeiro, RJ. Bolsista do CNPq.
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xenopi, M. kansasii e M. avium-intracellulare
(3, 23, 24, 25, 31).

Foram isoladas e identificadas bioquimica-
mente micobactérias de aguas poluidas, nota-
damente com residuos de refinaria de petréleo
e domeésticos, visando a deteccdo de micobac-
térias potencialmente patogénicas para o ho-
mem.

Material e Métodos

Colheita das amostras — Foram realizadas 12
colheitas de agua, do Rio Jacaré, préximo a re-
finaria de Manguinhos, na cidade do Rio de Ja-
neiro.

Foi obtido um total de 24 amostras de agua,
sendo 12 correspondentes a maré alta, incluin-
do 6 arostras de superficie e 6 de profundida-
de; e as restantes colhidas na maré baixa, com-
preendendo também 6 amostras de superficie e
6 de profundidade.

Para cada amostra, foram coletados aproxi-
madamente volumes 400ml, utilizando-se um
frasco esterilizado em autoclave, a 120°C, por
15 minutos, com a boca provida de gaze, pro-
curando-se, para as aguas de superficie, colher
o 6leo normalmente presente a este nivel, en-
quanto que as de profundidade foram colhidas
30cm abaixo da superficie.

Meétodos de tratamento das amostras — To-
mou-se 60ml de cada amostra, divididos em
quatro porcdes de 15ml, em tubos com tampa

de rosca, e centrifugados a 2.500rpm, durante

30 minutos. Cada sedimento foi ressuspenso
em 1,5ml de solucdo estéril de cloreto de sédio
a 0,86% e tratado pelo método de Petroff (22)
ou Krasnow & Wayne (15} modificado, utilizan-
do-se dois tubos para cada técnica.

Técnica — Foram adicionados 1,5ml| de solu-
cdo estéril de hidroxido de sddio a 4% (método
de Petroff) ou de solucdo estéril de cloreto de
benzalconio a 0,34% (método de Krasnow &
Wayne, modificado}, ao tubo com a suspensdo
de sedimento, agitando-se em '‘Vortex Jr.
(Lab. Line Instruments., Melrose Park Il
USA)", durante 30 segundos e incubando-se
em estufa a 37°C por 30 minutos, com agitacdo
a cada 10 minutos. A seguir, os tubos foram
centrifugados durante 30 minutos, a 2.500rpm,
decantando-se o sobrenadante e neutralizando-
se o sedimento com uma solucéo estéril de aci-

do cloridrico a 8,5%, contendo vermelho de fe-
nol como indicador {(método de Petroff), ou la-
vando-se o sedimento, por duas vezes, antes
de ressuspendé-lo, em solucdo salina 0,15M es-
téril (método de Krasnow & Wayne, modifica-
do).

Semeadura e isolamento — Para cada suspen-
sdo do sedimento foram semeados quatro tu-
bos com meio inclinado de Loewenstein-Jen-
sen, inoculando-se 0, Tml por tubo. Estes foram
incubados em estufa a 37°C, com leituras dia-
rias até 7 dias e depois com 14, 21 e 28 dias. As
colonias desenvolvidas foram registradas quan-
to ao tempo de crescimento, tamanho (em mili-
metros), aspecto da superficie (liso ou rugoso)
e a producéo de pigmento; para faciiitar a seie-
cdo das amostras a serem repicadas. A seguir
foram caracterizadas quanto a élcool-acido re-
sisténcia e repicada para meio de Loewenstein-
Jensen.

ldentificacdo bioquimica — As amostras foram
identificadas previamente nos quatro grupos
propostos por Runyon através das provas de
velocidade de crescimento (27) e producdo de
pigmento (35).

Os microrganismos pertencentes aos grupos
Il e 1l de Runyon foram submetidos aos seguin-
1es testes para identificacdo nas respectivas es-
pécies: producdo de niacina (13, 28), reducéo
de nitrato (35), catalase semiquantitativa (18,
37) termoinativacdo da catalase a 68°C (18, 19),
hidrolise do Tween 80 (40), tolerancia ao clore-
to de sdédio a 5% (41) de reducdo do telurito de
potassio (12).

As micobactérias de crescimento répido
(grupo IV} foram identificadas através dos se-
guintes testes: transformacédo do citrato férrico
amonical (39), reducio do nitrato (35), hidrolise
do Tween 80 (40}, tolerdncia ao cloreto de so-
dio a 8% (41), atividade aril-sulfatastica, em 3
dias (36) e crescimento em meio de d&gar
McConkey (11, 20).

Resultados

Os microrganismos isolados foram definidos
quanto as caracteristicas coloniais, velocidade
de crescimento e alcool-acido resisténcia, e re-
picados para os meios de 7H9 (Middlebrook) e
Loewenstein-Jensen. Selecionou-se 158 cepas
de micobactérias, das quais 97 (61,4%) foram
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de crescimento lento e as restantes de cresci-  ceu coldnias lisas (124/158) e destruidas de pig-
mento rapido. A maioria dos isolamentos forne-  mentacdo (136/158), como indicado na Tabela 1.

Tabela 1 — Caracteristicas coloniais e velocidade de crescimento das micobactérias isoladas

Crescimento
Maré Nivel da Métodos de Colonia Pigmento Tamanho (mm) om dias Total
ar dgua tratamento lisa  Rugosa Presente  Ausente <1 =12 >2 7 14-21
';f’s‘;’g?(f 39 8 11 36 1n 12 24 12 35 47
Superficie
A Cloreto de 6 1 2 5 - 5 2 2 5 7
i benzalconio
t ; -
a Hdroxido 21 B 2 2 9 9 8 | 8 18 2
Profundidade Clgr:to ge
benzalconio 9 5 2 12 — 1T 13 9 5 14
Hidroxido 9 4 2 1 2 8 3 310 13
B Superficie
. oloroto de 13 8 - 21 2 4 15 | 2 1 21
i
. Hidréxido YR 3 2 3 15 7 2 2 2
Profundidade M
Cloreto de 3 2 _ 5 R 3 2 5 _ 5
benzalcénio
TOTAL 124 34 22 136 27 57 74 61 97 158

Tabela 2 — Identificagdo das micobactérias de crescimento lento {grupos !l e lll do Runyon)

Espécie ou Cresc. em | Pigmento | Pigmento | Produgio}Redugio Ativ. catalésica Hidrolise do |Redugio do | Tolerdncia do
amostra menos que no foto- de de semiquan- 68°C Tween 80 em telurito cloreto de sédio
isolada 7 dias 8sCcuro ativo niacina [nitrato tativo 5 dias potéssio a5%

M. scrofuloceumn .

(ATCC 19.981) - + - - - + + - - -
10 amostras - + - - - + + - - _
M. gordonae

(ATCC 14.470) - + - - + + + - -
5 amostras - + - - - + + + - -

M. flavescens

(ATCC 14.474) F + - - + + + + -
2 amostras + + - - + + + + - -

1 amostra - + - - + + + + - -

1 amostra - + - - + + + + -

M. avium-intra-
celullare
{ATCC 25.291)
(ATCC 15.985) - - - - - - + - + , -

1 amostra - - - - - - + - + -

5 amostras - - - - - + - + -

M. terrae

(ATCC 19.755) - - - - + + + + - -
35 amostras - - - - + + + + - -
20 amostras - - - - - + + + - -
M. gastri
(ATCC 15.754) - - - - - - - + - -
1 amostra - - - - - - - o+ - -
6 amostras - - - - + - - + _ _
M. triviale
(ATCC 23. 292) - - - - + + + + - +
3 amostras : - - - - + + + + - +
Néo identificados )
7 amostras - A - - \ + + \ \4 A

Acima de 84% de positividade
Abaixo de 16% de positividade
Entre 50—84% de positividade
Entre 16—49% de positividade
Varidvel

s B

<HH I +
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A identificacdo das amostras de crescimento
lento e de crescimento rapido foi realizada pe-
los testes relacionados em material e métodos.
As provas foram efetuadas em duplicatas, con-
'siderando-se, numa determinada espécie, o mi-
crorganismo que apresentou o comportamento
esperado, em relacdo ao da amostra tipo testa-
da, ou gue divergiu em uma Unica propriedade.

A caracterizacdo das amostras escotocromo-
génicas esta representada na Tabela 2, mos-
trando a presenca de M. scrofulaceum (10 ce-
pas), M. gordonae (5 cepas) e M. flavescens (4
cepas). Entre as micobactérias do grupo Il de

Runyon, a maioria (55/78) foi identificada co-
sentaram atividade nitro-redutésica (Tabela 2).
Seis comportaram-se como M. avium-intracel-
lufare, embora cinco apresentassem forte ativi-
dade catalasica & temperatura ambiente. En-
tre os sete isolamentos, caracterizados como
M. gastri, somente um ndo divergiu em nenhu-
ma das caracteristicas apresentadas pela amos-
tra padrdo (ATCC-15.574). As culturas identifi-
cadas como M. triviale ndo diferiram do com-
portamento esperado nos testes realizados. No
entanto, ndo foi possivel a identificacdo de sete
cepas, através dos testes utilizados.

& P.P.G. Filho

Com relacdo as de crescimento rapido, M.
fortuitum foi a espécie mais freglientemente
isolada (Tabela 3). Adicionalmente, foram en-
contradas micobactérias identificadas como M.
smegmatis (5), M. diernhoferi (3} e M. phlei (2),
sendo que 16 cepas deste grupo ndo puderam
ser identificadas através dos testes emprega-
dos.

As amostras de 4gua, colhidas na preamar,
forneceram 34% e 25% dos isolamentos, quan-
do tomados na superficie e profundidade, res-
pectivamente. Os valores correspondentes para
as amostras de baixamar foram 21% (superfi-
cie) e 19% (profundidade). A maioria das mico-
bactérias de crescimento lento (89/97) foram
obtidas quando do tratamento pelo hidroxido
de sddio, enquanto o emprego do cloreto de
benzalconio forneceu um maior nimero das ce-
pas de crescimento rapido (36/61), conforme
evidenciado na Tabela 4.

A distribuic8o das cépas nas respectivas es-
pécies, representadas na Tabela 4, mostra que
o total isolado foram identificadas 55 cepas de
M. terrae, 35 de M. fortuiturmn, 10 de M. scrofu-
faceum, 7 de M. gastri, 6 de M. avium-intracel-
lulare, 5 de M. smegmatis, 5 de M. gordonae, 4
de M. flavescens, 3 de M. triviale, 3 de M. dier-
nhoferi e 2 de M. phlei.

Tabela 3 — Identificagdo das micobactérias de crescimento réapido {Grupo IV de Runyon)

Espécie ou Cresc. em | Transformagio do | Pigmento | Pigmento | Atividade | Cresc. em | Redugfio | Hidrélise do | Toleréncia
amostra menos que} citrato férrico no foto- aril- agar de Tween 80 em} ao cloreto
isolada 7 dias amoniacal escuro ativo sulfatasica | MacContey | nitrato 5 dias de sbdio 5%

M. fortuitum
(ATCC 6.841) + + - + + + + +
35 amostras + + - + + + + +
M. smegmatis
(ATCC 14.468) + + - - - + +
5 amostras + + - - - + - +
M. diernhoferi
(ATCC 19.3404 4+ + - - - + + =

3 amostras + + - - - - + + -
M. phiei '

(ATCC 10.142) + + + - - + + +

2 amostras + + + - - + + +

N&o identificadas
16 amostras + + \Y% A \ A\ A \Y \

Acima de 84% de positividade
Abaixo de 16% de positividade
Entre 50—84% de positividade
Varidvel

[ I

+
+
A
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Tabela 4 — Distribuigdo das micobactérias isoladas de acordo com as espécies

Maré Alta Maré Baixa
Grupo . . - .
de Espécie Superficie Profundidade Superficie Profundidade Total
Runyon | Hidréxido} Cloreto de {Hidréxidoj Cloreto de | Hidréxido| Cloreto de [Hidréxido|Cloreto de
-de sodio |benzalconiof de sddio jbenzalcodnio | de sddio |benzaicéniojde sddio |benzalconio
M. scrofalaceum 7 17 — — — — 2 - 10
Il M. gordonae -1 - 1 - 2 - 1 — 5
M. flavescens 2 1 — 1 — — — — 4
M. avium 1 - 3 1 — — 1 - 6
M. terrae 19 1 10 2 8 1 14 - 56
I M. gastri 3 1 1 — — — 2 — 7
M. triviale 1 — 1 - — - 1 - 3
N#o identificadas 1 1 2 1 — — 2 — 7
M. fortuitum 5 1 3 9 2 14 - 1 35
M. smegmatis — — 2 — — — — 3 5
[\ M. diernhoferi 1 1 - - — 1 — - 3
M. phiei 1 - 1 — — — — - 2
Nio identificadas 5 - 2 — 1 5 2 1 16

Total  (Percentagem}

- 47(29,1%) 7 (4,4%) 26(16,4%) 14 (8,8%) 13 (8,2%) 21 (13,2%) 25 (15,7%} 5(3,1%) | -158

Discussao

As diversas colecdes de dgua contém mico-
bactérias, funcionando como reservatérios de
M. gordonae e M. marinum (5, 25, 38). Segun-
do Singer & Rodda (30) e Goslees & Wolinsky
(10}, a dgua estagnada e aquela em contato
com animais sdo as fontes mais ricas em mico-
bactérias. A presenca destes microrganismos
em agua salgada (5, 10, 30) é pouco conhecida,

ndo havendo nenhum trabalho sistematico so-

bre o assunto. ,

Saob certas circunstancias, a dgua pode ser a
fonte de micobacterioses humanas (5, 10, 32).
Desta forma, os casos de infecgdo hospitalar,
por M. xenopi e M. kansasii, observados por
McSwiggan & Collins (21), foram atribuidos &
presenca destes microrganismos na rede de
abastecimento de dgua; no entanto, as evidén-
cias sfo de que a 4gua ndo é o reservatorio de
micobactérias potencialmente patogénicas, ex-
cetuando-se M. marinum. A presenca de M..
fortuitum (35 cepas), M. avium-intracellulare (6
cepas) e, sobretudo, M. scrofulaceum (10 ce-
pas), observado em nosso trabalho, deve de-
correr da acentuada poluicdo do Rio Jacaré,
principalmente por matéria organica originaria
das favelas localizadas as suas margens. Esta
agua, contaminada, pode servir como fonte de
infeccdo de doenca humana.

A presenca de outras micobactérias, em co-

lecOes de agua, foi descrita por vérios autores
(1,2,7,8,9, 10, 17, 27, 30, 33). Microrganis-
mos pertencentes as espécies . gordonae, M.
flavescens, M. terrae, M. gastri, M. triviale, M.
smegmatis, M. diernhoferi e M. phlei foram en-
contrados nas amostras de dgua estudadas.

Apenas 14,5%.dos isolamentos ndo pode ser
caracterizado pelos testes utilizados, sendo, na
sua maioria, micobactérias de crescimento rapi-
do (16/23). Os microrganismos deste grupo (IV
de Runyon) sdo os de identificacdo mais dificil,
embora as espécies M. fortuitum e M. chelonei
(4,26) possam ser reconhecidos através do uso
de poucos testes bacterioldgicos e bioquimicos
(35). O estudo das demais espécies requer a uti-
lizacdo de uma variedade de provas, destacan--
do-se a atividade fermentativa, utilizacdo de
substancias orgénicas como fontes de carbono
e/ou nitrogénio, atividade amidasica, etc. (16,
29, 34). :

A suposicdo inicial, que as amostras colhidas
na superficie fossem mais ricas em micobacté-
rias, do que aquelas obtidas em profundidade,
com base nas exigéncias respiratérias destes
microrganismos e/ou numa possivel solubiliza-
¢do pela pelicula de 6leo presente no rio, foi
confirmada em parte pois, os materiais prove-
nientes da superficie (preamar e baixamar) re-
presentaram 58% dos isolamentos.

O emprego dos dois métodos de tratamento,
em paralelo, mostrou o hidréxido de sédio for-
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necendo a grande maioria das cepas de cresci-
mento lento (87,9%) e o cloreto benzalcénio a
maior parte das de crescimento rapido (59,0%).
Entretanto, é preciso salientar que, aproxima-
damente, 60% (preamar e baixamar) dos tubos
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Concentracdes inibitorias
do sulfato de cefoxitina
para bactérias anaerébias

Luiz R. Trabuisi*

Resumo

Foram determinadas as concentracdes bacteriostaticas e bactericidas, respectivamente pa-
ra 120 e para 34 amostras de bactérias anaerébias de importancia clinica. A concentrago
de 16 pg/ml foi bacteriostatica para todas as amostras com excecdo de oito de Bacteroides
fragilis. As concentracBes bacteriostaticas e bactericidas foram praticamente idénticas,
com relacdo as 34 amostras, com excec8o de algumas de Bacteroides fragilis e Peptostrep-
tococcus sp.

Summary

Susceptibility of anaerobic bacteria to cefoxitin

The bacteriostatic and bactericidal concentrations of cefoxitin respectively for 120 and 34
strains of anaerobic bacteria of clinical importance were determined. The concentration of
16ug/mi was bacteriostatic for all strains with exception of eight of Bacteroides fragilis.
The bacteriostatic and bactericidal concentrations were pratiacally the same for the 34
strains with exception of some strains of Bacteroides fragilis and Peptostreptococcus sp.

Introdugédo

As cefamicinas sdo cefalosporinas metoxila-
das no carbono 7, com elevada resisténcia as
beta-lactamases, produzidas por bactérias
gram-positivas e gram-negativas. Uma delas, a
cefamicina C, apresenta ampla atividade contra
bactérias gram-negativas, porém baixa contra
bactérias gram-positivas. Estudos dirigidos no
sentido de ampliar a atividade da cefamicina C,
resultaram na obtencio da cefoxitina (Figura
1}, que é mais ativa contra bactérias gram-po-
sitivas e mantém a atividade da cefamicina C
contra gram-negativas, bem como sua resistén-
cia as beta-lactamases (5, 10). O presente tra-
balho foi realizado com o objetivo de determi-
nar as concentracdes bacteriostéticas e bacteri-
cidas da cefoxitina, para bactérias anaerébias
de importéncia clinica.

Material e Métodos

Amostras — Foram estudadas 120 amostias de
bactérias anaerdbias, isoladas recentemente

Figura 1 — Cefoxitina
(4cido 3 — carbomoiloximetil-7-2-metoxi-7-[2-(2-tiemil)
acetamido] cefen-4-caboxilico
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em S#o Paulo, principalmente de infecgGes
pés-cirtrgicas. A identificac8o das amostras te-
ve por base as caracteristicas das col6nias,
morfologia e coloracdo das células, prova de
sensibilidade e antibioticos e os testes bioqui-
micos indicados em rotina.

As seguintes amostras foram incluidas: 46 de
Bacteroides fragilis, 18 de Bacteroides melani-
nogenicus, 10 de Fusobacterium sp., 15 de
Peptococcus sp., 20 de Peptostreptococcus
sp, oito de Clostridium perfringens e trés de
Clostridium sp.

* Disciplina de Microbiologia, Departamento de Microbiologia, Imunologia e Parasitologia. Escola Paulista de Medicina,

Rua Botucatu, 862, 3° andar, 01000, S&o Paulo SP.
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Determinacdo das concentracées bacteriostati-
cas e bactericidas — As amostras foram culti-
vadas em tioglicolato enriquecido, até atingi-
rem turvacdo semelhante a do tubo n? 1 da es-
cala de MacFarland. Em seguida, 105 e 10
bactérias foram semeadas nos meios contendo
sulfato de cefoxitina. A-concentracio inibitéria
foi determinada pelo método da dituicdo em
placa e, a bactericida, pelo método de diluicdo
em tubo, com repique para placa de agar san-
gue. As técnicas utilizadas, bem como os
meios de cultura encontram-se em Sutter & Fi-
negold (7, 8). As concentracdes de sulfato de
cefoxitina variaram entre 1 e 128 ug/ml, quan-
do da determinacdo da concentracéo inibitéria
e entre 4 e 32 ug/mi, quando da determinaco
da concentracdo bactericida.

Resultados

A concentragdo de 16ug/ml do sulfato de ce-
foxitina foi inibitéria para 114 (95%) das 120

amostras de bactérias investigadas. As Unicas

amostras que proliferaram nesta concentracio
do antibiotico foram as oito de Bacteroides fra-
gilis. Os resultados obtidos, para cada uma das
espécies ou géneros estudados, encontram-se
na Tabela 1. Na Tabela 2, encontram-se as con-
centragdes bactericidas para as 30 amostras es-
tudadas, por espécie ou género. Verifica-se que
as concentracdes bacteriostaticas e bacterici-
das foram praticamente idénticas para as amos-
tras de Bacteroides melaninogenicus, Fusobac-
terium sp., Peptococcus sp., e Clostridium sp.
Com relac8o as amostras de Bacteroides fragilis
e de Peptostreptococcus sp., a concentrac;éo

Tabela 1 — Concentragdes inibitdrias do sulfato de cefoxitina para 120 amostras de bactéria’s anaerébias

N? amostras inibidas as diferentes concentragées

- N° de {ug/ml)
Bactérias amostras
1.0 20 40 80 160 32 64 128
Bacteroides fragilis 46 2 3 4 10 38 40 45 46
Bacteroides melaninogenicus 18 16 17 18
Fusobacterium sp. 10 5 6 8 10
Peptococeus sp. 15 10 13 15
Peptostreptococcus sp. 20 4 10 13 18 20
Clostridium perfringens 8 4 6 8
2 3

Clostridium sp. 3.

Tabela 2 — Concentrag8es bactericidas do sulfato de cefoxitina para bactérias anaerdbias

N? de

N? de amostras inibidas

Bactélias (Concentracées em ug/ml)
amostras 4 8 ‘ 16 32 32

Bacteroides fragilis 10 , g:gzg't:gisc}:tica % :13 13 8 10

Bacteroides melaninogenicus 4 g:g:s:gi}: 'fica 2

Fusobacterium 4 g:zz::gisdt:tica 3

Peptococcus S Bocerds :

Peptostreptococcus 6 g:g:g::gi} : tica g 2 5 6

Clostridium 4 g:g:g:gisdt:tica g 4

Bs = atividade bacteriostatica
Bc = atividade bactericida
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bactericida foi nitidamente mais elevada do que
a bacteriostatica para vérias amostras, confor-
me pode ser visto na Tabela 2.

Discussao

Os resultados obtidos neste trabalho asseme-
lham-se aos relatados por outros autores, com
relacdo as concentragdes inibitdrias da cefoxiti-
na para germes anaerébios. Brumfitt & col. (2)
estudaram 26 amostras de Bacteroides fragilis,
verificando que 23 tinham o crescimento inibi-
do por 40ug/ml ou mais de cefoxitina. As trés
amostras restantes exigiram concentragdes su-
periores a 40ug/ml. Tally & col. (9) investiga-
ram a sensibilidade de 155 amostras de bacté-
rias anaerObias & cefoxitina e a varias cefalos-
porinas, verificando que a concentragdo de
16ug/ml de cefoxitina era inibitéria para 82 a
96% das amostras de Bacteroides fragilis, Bac-
teroides sp., Fusobacterium sp., Peptococcus
sp. e Peptostreptococcus sp. Sutter & Finegold

Referéncias Bibliograficas

1. Bach, V.T.; Roy, |. & Thadepalli, H. — Susceptibility of
anaerobic bacteria to cefoxitin and related compounds.
Antimicrob. Ag. Chemother., 10:912-913, 1977.

2. Brumfitt, W.; Kosmidis, J.; Hamilton-Mitier, J.M.T. &
Gilchrist, J.N.G. — Cefoxitin and cephalothin: Antimi-
crobial activity, human pharmacokinetics, and toxico-
logy. Antimicrob. Ag. Chemother., 6:280-299, 1974.

3. Busch, D.F.; Kureshi, L.A.; Sutter, V.L. & Finegold,
S.M. — Susceptibility of respiratory tract anaerobes to
orally admistered penicillins and chephalosporins. Anti-
microb. Ag. Chemother., 10:713-720, 1976. )

4, Miller, A.K.; Celozzi, E.; Kong, Y.; Pelak, B.A.; Hen-
dlin, D. & Stapley, E.O. — Cefoxitin, a semisynthetic
cephamycin antibiotic: in vivo evaluation. Antimicrob.
Ag. Chemother., 5:33-37, 1974.

5. Onishi, H.R.; Daoust, D.R.; Zimmerman, S.B.; Hen-
dlin, D. & Stapley, E.O. — Cefoxitin, a semisynthetic
cephamycin antibiotic: resistance to Beta-lactamase

{8) demonstraram - que a concentracio de
32ug/mt de cefoxitina era inibitéria para 100%
de 124 amostras de Bacteroides fragilis, e a de
8ug/ml para todas as amostras de Bacteroides
melaninogenicus, Fusobacterium sp., Pepto-
coccus sp. e Peptostreptococcus sp., investi-
gadas. Resultados semelhantes sdo relatados
pelos mesmos autores, em trabalho mais recen-
te (7), por Bach & col. (1) e outros (3, 6). Quan-
to as concentracdes bactericidas de cefoxitina,
para bactérias anaerébias, encontramos apenas
o trabalho de Sutter & Finegold (8), que obtive-
ram resultados semelhantes aos nossos.

Os resultados do presente trabalho, bem co-
mo os dos autores mencionados, mostram que
a cefoxitina possui bastante atividade *in
vitro’’, contra as bactérias anaerdbias mais im-
portantes em clinica. Considerando-se que o
antibi6tico atinge concentragdes séricasde 16 a
32ug/ml ou mesmo mais (2, 4, 9), concluiu-se
que a cefoxitina pode ser um bom antimicrobia-
no para o tratamento de infeccGes por bactérias
anaerobias. ‘
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Isolation of Sporothrix
schenckii from sea water

A. Purchio*
C.R. Paula*
& W. Gambale*

Summary

A Sporothrix schenckii sample was isolated from the sea water in Santos, State of S3o
Paulo, Brazil, in a beach much visited by local inhabitants and tourists. This conciusion was
taken through the usual mycological methodology that consisted of isolation in Agar-Sa-
bouraud added with chloranfenicol, study of macroscopic and microscopic characters of
the colony in Corn-meal Agar, study of thermal dymorphism, intratesticular inoculation in
adults rats, back-culture and histopathological test of the infected organ.

Resumo

Isolamento do Sporothrix schenckii de dgua do mar

Uma amostra de Sporothrix schenckii foi isolada de 4gua do mar em Santos, Estado de
S&o Paulo, Brasil, numa praia muito frequentada pelos habitantes locais e turistas. Essa
amostra foi identificada segundo metodologia micolégica usual que consistiu de isolamen-
to em Agar-Sabouraud adicionado de cloranfenicol, estudo das caracteristicas macrosco-
picas e microscépicas da colénia em Corn-meal Agar, estudo do dimorfismo térmico, ino-
culacdo intratesticular em ratos adultos, retro-cultivo e exame histopatolégico do 6rgdo in-

fectado.

Introduction

The soil and the plants compose the usual
habitat of Sporothrix schenckii (3). Many au-
thors describe its viability in other substracts
where it is less frequently found, for example,
straw for packages, rodent’s nests, particles of
metai, horse-hair, flies and ants, etc.

Althoug the plants are more intensely cited
as depositories of these fungi, it doesn’t seen
that they prefer a determined kind of plant. itis
understood, also, .that -S. schenckii, when in
the soil, supports large variations of temperatu-
re (0°C-55°C) mantaining the pathogenic po-
wer for long periods (1). :

Human beings are generaly infected through
wounds caused by thorns of contaminated
plants and sometimes by direct contact with
animals through bites or handling, injuries by
particles of metal and others traumatisms (7, 8,
10}

In the epidemic that attacked of gold mines
in-South Africa, it was reported the isolation of

the fungus from the beams of wood that sup-
ported the tunnels as well as from the pools of
water accumulated in the place. Its dissemina-
tion in nature may occur through atmospheri-
cal air, insects (2), or rivers as noted Meyer (in:
Belliboni) {1).

In the present work the authors had the opor-
tunity to isolate S. schenckii from the sea water
from a beach intensively frequented by the po-
pulation, at the time of an investigation about
the incidence of fungi in marine ecosystems of
Santos seaside, State of S#o Paulo, Brazil.

Material and Methods

Collection — The sampies of water (200ml) we-
re collected in sterilized bottles on July, 1975,
from a beach named ""José Menino”’, by Com-
panhia Estadual de Tecnologia e Saneamento
Basico do Estado de S&oc Paulo (CETESB), in
front of Channel n® 1. The collecting technicist
penetrated into the sea till the depth of one me-

* Mycology Section, Department of Microbiology and Immunology, Instituto de Ciéncias Biomédicas da Universidade de
Séo Paulo, Edificio de Didatica-Biomédicas iI, Cidade Universitéria, 05568 S3o Paulo, Brasil
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ter and collected the sample 30cm down from
the surface, aproximatelly.

The water temperature in the chosen place
was recorded as 20°C and the ambiental tem-
perature as 16°C, and the samples presented
pH = 8,0.

Technics of isolation and identification: The ali-
quot of 0,2ml of the original volume was disse-
minated on Petri’s plate containing Sabouraud-
Glicose Agar with chloranphenicol (100ug/ml)
and mantained in incubator at 25°C for 15 days.

The identification of the colony was realized
in Corn-meal Agar through the macroscopic
and microscopic characteristics (Riddel’s tech-
nigue), by the thermal dimorfism of the culture
in Agar Sabouraud-Glicose {S.A.) at 256°C and
Brain-Heart Infusion Agar (B.H.l.) at 37°C, by
the tests of virulence (inoculation of 0,1ml of
suspension of the leveduriform variant in testi-
cle of adult white rats), back culture of the in-
fected organ, examination of sections of testi-
cles stained by P.A.S. (Periodic Acid of Schiff).

Results

The macroscopic characteristics were stu-
died in the culture media described.

The colonies isolated were, at first, small and
white, without visible aerial mycelial, becoming
later humid, wrinkled, membranous and with a
more evident aerial mycelia and with a dark hue
next to black.

The culture on plate showed ramified
hyphae, septated and thin, pyriform conidia,
ovoid, distributed along of the hyphae, forming
tipical peduncular or sessile arrangements with
"daisy’’ shape (Fig. 1).

Figure 1 — Sporothrix schenckii in culture.
Conidia distributed along of the hyphae, forming tipical ar-
rangements with “‘daisy’’ shape

In BHI at 37°C cream coloured cerebriform
colonies were developed, whose microscopic
examination showed the yeast cells.

After 10 days of inoculation into research ani-
mals, a process of orchitis was verified (Fig. 2)
and it was possible to back-isolate the fungi
from the infected testicles, inoculating the ma-
terial collected through in S.A. foliowed by the
incubation at 25°C for b days.

Through the. histopathological examination
the fungus was observed as gemulate yeast
cells “cigar-shaped”.

Figure 2 — Experimental Sporotrichosis in white rat.
Orchitis obtained after 10 days of inoculation, with a sus-
pension of yeast like form

Discussion

For a through of the ecosystem of a certain
microrganism it is necessary to know its habi-
tat, the way of dissemination, the entry site,
the host, etc. With regard to the S. schenckii,
the aspects mentioned are well studied, and the
steps of its biological cicle known in a general
sense.

According to Meyer the rivers have to play
and important role on the dissemination of the
spores because he observed that the sporotri-
chosis showed more frequent occurence along
the Mississipi and Missouri rivers, the number
of cases diminuished gradually from the river-
head till its mouth.

We must make it clear however, that it is ne-
cessary to make a careful distinction between
the aprophyte genus (Sporotrichum) and the
pathogenic one (Sporothrix). Through the ther-
mical dimorfism test, virulence, back-culture
and of the histopathological examination of the
material from the lesion, it was clear that the
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characteristics of the sample were those of
Sporothrix schenckii.

Other factors that have decisively influence
on the growth of these fungi are the temperatu-
re and the ambiental humidity (5).

Through the isolation made directly from sea
water, ong more connecting link is added to the
epidemiological chain of the sporotrichosis
agent. This fact was already previsible because
Dabrowa & col. (4), reported its isolation from
sea-washed soil in south California.
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Polarité bactérienne observée
dans différents milieux
en voie de biodégradation
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Louise Innes-Gaboury*
Otto Reisinger**

& Odette DesBiens™

Résumé

La position spatiale des bactéries dans différents milieux d’origine végétale en voie de dé-
composition est étudiée. Gréce aux microscopes électroniques & balayage et & transmis-
sion, l'effet de I'activité lytique microbienne est mis en évidence. La position verticale des
bactéries par rapport au substrat serble étre plus favorable a la perforation de la celiule-hd-
fe. La prise de contact et I'adhésion des bactéries se réalisent par l'intermédiaire des fibrilles
originaires de la structure pariétale de la bactérie et le mucilage entourant la cellule-héte.
L’existence d'une corrélation entre les fibrilles, leur emplacement et la position verticale des
bactéries pénétrant est étudiée.

Resurno
Palaridadé bacteriana em substratos erm via de biodegradagdo

O posicionamento espacial de bactérias, sobre os diferentes meios de origem vegetal, que
estdo sofrendo decomposicéo, é faciimente demonstrével com a microscopia eletrénica de
varfedura e de transmiss8o. A posicdo vertical das bactérias, em relagdo aos substratos,
parece favorecer a perfuracdo da célula hospedeira. O contato e adesdo da bactéria séo
medlados por fibrilas originarias de estruturas parietais das bactérias e do material muscila-
ginoso que envolve a célula atacada. A existéncia de correlagdo entre as fibrilas, sua locali-

2a¢80 e o posicionamento espacial das bactérias em penetragdo ¢ estudada.

Introduction

L'étude des proCessus de biodégradation et
humification d’un microécosystéme donné,

réalisée a 'aide des microscopes électroniques, |

tout particulisrement par le microscope électro-
“nique & balayage permet de visualiser la posi-
tion spatiale des organismes impliqués.

Notre attention fut attirée par une particulari-
té spécifique: I'emplacement des bactéries par
‘tapport aux cellules-h6tes de matériel végétal
divers en voie de décomposition. Aussi bien sur
la surface de racines de luzerne que sur du ma-
tériel fongique enfoui dans le sol ou étudié in vi-
vo, on trouve des bactéries en batonnets et en
spirilles placées & la verticale par rapport au
substrat. L'adhérence de la bactérie et son
point d’adhésion parait jouer un réle important

en premiére étape, suivie par la perforation de
la cellule-hdte et la pénétration des bactéries
dans la matiére par 'ouverture crée par elles-
mémes.

Nombreux chercheurs se sont penchés sur
{’étude du mécanisme de la pénétration micro-
bienne dans le substrat {1), décrivent les carac-
téristiques des agents responsables de la perfo-
ration de chlamydospores de Thielaviopsis basi-
cola (Berk. et Br.} Ferraris dans le sol humide
non stérile et ils concluent que fréqguemment ce
sont les bactéries qui sont en cause. Reisinger
& Kilbertus (17, 18), mettent en évidence les
stades de décomposition de la matiére végétale
et discutent du role des microorganismes pré-
sents.

A l'aide de la microscopie électronique et
des techniques cytochimiques ils démontrent

+ Département de Phytologie, Laboratoire de Mycologie et de Microscopie eletronique, Faculté des Sciences de L'Agri-
culture et de L’Alirhentation, Université Laval, Québec, G1K 7P4, Canada.

*» Université de Nancy-l, Laboratoire de Microbiologie, Centre de 2¢ Cycle, Case officielle n? 104, 54037 Nancy-Cedex,

France.
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que les microorganisms sont capables de parti-
ciper directement a la lyse d'un produit détermi-
né.

Old & Wong (15), étudient les processus de
la perforation des conidies de Cochliobolus sati-
vus, champignon du sol a paroi mélanisée.
Marshall (11}, suppose que I'attachement bac-
térien résulterait d’une attraction- physico-chi-
mique et d'une secrétion de polyméres. Il pré-
conise en outre I'existence d’'enzymes lytiques.
On adment que les polysaccharides ou des
substances de nature polysaccharidique pré-
sents dans le micro-écosystéme sont en tres
grande partie d’origine microbienne et jouent
en méme temps un réle certain dans 'adhésion
des microorganismes et |’aggrégation du subs-
trat (17, 18). Costerton & col. (2), croient que
I’'adhérence s’effectue en fonction de l'affinité

- chimique des polisaccharides bactériens pour
ceux de la celiule-héte. lis admettent aussi que
ce phénoméne peut étre fondamentai dans la
pathogénécité des bactéries.

Des observations récentes nous ont permis
de constater la régularité de la position spatiale
des bactéries indépendamment du substrat et
la formation de trous dans ce dernier. La posi-
tion verticale des bactéries par rapport 2 la sur-
face du milieu démontre une activité polaire ac-
crue, tandis que la position bactérienne hori-
zontale laisse par contre prévoir une activité ré-
duite.

Matériel et Méthodes

Matériel fongique: 1 — Pyrenochaeta lycopersi-
¢/ Schneider & Gerlach; 2 — Pyrenochaeta ter-
restris (Hans.) Gorenz, J.C. Walker & Larson; 3
— Cookeina sulcipes (Berk.) Kuntze; 4 — Co-
prinus ephemerus ss. Locq. ont été utilisés
pour cette étude. L'échantillon 1 est originaire
d’un dispositif expérimental (5, 6). Le second a
été prélevé sur un bulbe d'oignon (Alium cepa
L.} dans la zone de pourriture rose. Les échan-
tillons 3 et 4 ont été récoltés au Brésil a Belém,
Para en 1978, préfixés au moment de la récolte
et identifiés par Olah.

Matériel d’algue — 5 — Enteromorpha salina
Kiitz a été prélevée dans un cours d’eau salée et
fixée au tétroxyde d'osmium; 6 — Tolypothrix
sp. échantillon provenant d’un milieu aquatique
et fixé au tétroxyde d'osmium.

Matériel végétal défini — 7 — Racines de luzer-

ne, Medicago sativa L., amoindries par une mi-

croflore tellurique. Les plants sont cultivés en
plein champ ou dans des bacs aux serres. Des
fines racines d’'un mm de diamétre sont préle-
vés, coupées en fragments d'un centimétre,
stérilisées durant 1 1/2 minute dans une soluy-
tion de bichlorure de mercure 4 0,01% et pla-
cées ensuite dans un Erlenmeyer 250ml préala-
blement stérilisé, contenant 10ml d’eau bidistil-
lée déminéralisée et stérilisée. On y incorpore,
d’une fagon aseptique, une quantité de mycé-
lium 0,236 — 0,339g (matiére séche) soit de
Verticillium albo-atrum Reinke et Berth (N?
FSAA-376, Lab. de Mycologie), soit de Tricho-
derma viride Pers. ex Fries (N° FSAA-265, Lab.
de Mycologie) ou les deux.

Les bactéries non éliminées par la bréve stéri-
lisation des racines croissent aux dépens du
matériel fongique et des débris végétaux prove-
nant des racines de luzerne.

Les préléevements sont effectués dans des
cultures agitées ou non a des intervalles variant
de 12 a 55 jours (7).

Matériel végéta/ en voie de décomposition —
Prélévements effectués dans une forét tropicale
mixte, au niveau supérieur de (a litiére de la ré-
gion immédiate de Belém Para, Brésil. Les
échantillons ont été préfixés aussitot.

Préparation des échantillons — e mygélium du
matériel fongique: P. lycopersici {agent patho-
géne des racines de tomate) fut entoui dans le
sol d‘une culture de tomate par la technique de
piege (Reisinger et Kilbertus 1974; Mourey
1973) pour une période d'un mois. Le matériel
est ensuite préparé selon les protocoles habi-
tuels pour 'observation par le microscope élec-
tronique a balayage (MEB) et par le microscope
électronique a transmission {MET).

Les autres matériaux provenant du préléve-
ment direct, préfixés ou non, sont préparés
pour 'observation en MEB et MET. ‘

Protocole de préparation du matériel pour la mi-
croscopie électronique a transmission (MET) —
Les échantilions ont été fixés durant 16 heures
4 4°C par la glutaraldéhyde, 3% dans le tampon
phosphate. de Sérenson ajusté & pH 7,3. La
postfixation est pratiquée a |'aide du tétroxyde
d’osmium 1%. Un gradient d’alcool éthylique
assure la.déshydratation suivie d'un passage
dans I'oxyde de propyléne. Aprés imprégnation
dans un mélange de résine et d’oxyde de propy-
léne, les spécimens ont été enrobés dans I'Epon
812 et les coupes minces obtenues sur un ultro-
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tome Il de LKB. Une double coloration a I'acé-
tate d’uranyle et au citrate de plomb est ensuite
effectuée pendant une période de 20 minutes.
Des microscopes électroniques AEl 801 et Sie-
mens Elmiskop 102 ont été utilisés pour les ob-
servations et la prise de clichés.

Protocole de préparation du matériel pour la mi-
croscopie électronique a balayage (MEB) (Des-
Biens, 1978} — Au moment de I’échantillonna-
ge, le matériel biodégradable est préfixé et con-
servé dans l'alcool éthylique a 65%. Des préle-
vements de cing a huit millimetres carrés d’une
épaisseur de deux a cing millimétres sont fixés
par immersion dans une solution de glutaral-
déhyde, tel que pratiqué pour la MET. Les spé-
cimens sont déshydratés dans des gradients
croissants d'alcool éthylique et séchés au point
critique (SPC). Le gaz utilisé est le CO,. [Les
étapes de séchage son* les suivantes: — rem-
placement du liquide intermédiaire par le gaz
CO,; ~ remplissage de la chambre avec du
Co,; — chauffage de la chambre au-dessus de
la température critique, ou le liquide se trans-
forme en gaz; — échappement isothermique du
gaz]| (a cette fin un appareil Critical Point Dryer
Ladd a été utilisé).

Meétallisation — les spécimens préalablement sé-

chés sont ensuite montés sur des porte-objets .

et vaporisés d’'une pellicule d’or d'épaisseur va-

riant de 20 a 30nm, a I'aide d'un appareil Nano-
tech, muni d’une cible d’or. [La vaporisation est
faite sous vide a 1 200V, a 20mA et le vide est
régularisé par 'entrée d'un gaz (Argon) a l'inté-
rieur de la cloche.]

Les observations sont réalisées au microsco-
pe électronique & balayage Cambridge S-150,
sous une tension d’accélération de 15 & 20KV.
La prise de clichés est effectuée sur films NB,
Kodak Panatomic-X, 32 ASA.

Résultats et Discussion

Une position spatiale spécifique des bactéries
{batonnets et spirilles) a été observée dans le
cas de la biodégradation des substrats végé-
taux de localisation géographique et de nature
différentes. La surface des cellules externes des
substrats mise en contact avec la flore telluri-
que d’un microécosystéme est assitit colonisée
par de nombreuses bactéries; des batonnets et
des bactéries hélicoidales sont souvent domi-
nants par rapport aux autres formes bactérien-

Tableau 1 — La lyse microbienne peut étre réduite ou ac-
crue en fonction de la position spatiale des bactéries par
rapport au substrat

POSITION SPATIALE DES BACTERIES
DANS UN MILIEU  BIODEGRADABLE

ACTIVITE LYTIQUE ACCRUE

ACTIVITE LYTIQUE REDUITE f
H

SUBSTRAT O SURFACE EXTERNE DE L'ORGANISHME PERFORATION

nes. La grande majorité de ces bactéries n’est
en contact avec le milieu que par une extrémité,
c'est-a-dire que l'axe longitudinal des baton-
nets forme un angle droit avec le substrat.
L’étude des échantillons d’origines trés diverses
corrobore cette observation: la surface externe
de la racine de luzerne (Fig. 1, 2 et b); bactéries
se développant sur du matériel fongique isolé
d'un bulbe d'oignon (Fig. 3 et 4); I'ascospore
Cookeina sulcipes (Fig. 8, 9 et 10); ou encore
des bactéries sur la surface sporale d’un coprin
tropical (Fig. 11 et 12},

Des études spécifiques réalisées au micros-
cope électronique a balayage ont permis de
constater qu’il s’agit beaucoup plus d’une posi-
tion préférentielle que d’un simple hasard de
circonstance. D'autre part, ce sont les bactéries
debout qui se trouvent associées a un début de
perforation du substrat. Les travaux de Old &
Wong (15), font état de la possibilité de la per-
foration et la lyse des spores fongiques dans le
sol. Dans le processus de la biodégradation na-
turelle, Olah & col. (16), présentent des obser-
vations concernant la position spatiale des bac-
téries. En ce qui a trait a l'activité lytique des
bactéries, les opinions des auteurs concordent:
— les lyses enzymatiques produites par des
bactéries sont nombreuses; — agissent avec
une efficacité variable sur le substrat; — il en
résulte dans la plupart des cas une perforation
dans les cellules externes protectrices du subs-
trat.

Bien que l'origine de la perforation peut étre
de nature différente tel que: I'autolyse préconi-
sée par Lloyd et Lockwood (9), les blessures
mécaniques ou les piqres d’insectes rapportée
par Reisinger & Kilbertus (17), c’est la lyse mi-
crobienne qui parait étre la plus important (14).
La survie des bactéries dépend de leur agressi-
vité vis-a-vis leur milieu. La prise de contact
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avec le substrat qui, en I'occurrence leur fourni-
ra les substances nutritives, est doncprimor-
diale & leur existence. L'envahissement d’une
matiére vivante ou morte en voie de décompo-
sition est importante. S’il n'existe pas d’ouver-
ture naturelle ou accidentelle, la bactérie est ap-
pelée a procéder par ses propres moyens pour
en créer une. Dans le cas des divers échantil-
lons étudiés, le mécanisme régissant la création
de I'ouverture dans le substrat parait homoge-
ne. Les bactéries en forme de béatonnet ou
d'une spirale, (spirilles), en contact avec le
substrat épousent une position verticale (Fig. 1,
2, 3 et 9). Aussitdt que le point d'adhésion est
engendré on observe une légeére dépression
{Fig. 3, 4 et B) dans la proximité de celui-ci. Cer-
taines matiéres d’origine végétale sont plus fa-
cilement pénétrabies que d’autres. La structure
pariétale des spores de Basidiomycetes-méla-
nosporés ou d’Ascomycetes en sont des exem-
ples (Fig. 9, 10 et 13). Dans le cas de résistance
particuliére, les bactéries optent pour la réa-
lisation d'une ouverture dans une zone de
faiblesse, tel que le pore germinatif, ou son em-
placement comme chez le coprin (Fig. 13) ou
encore la zone équatoriale d’'une ascospore
{Fig. 10), est attaquée par des bactéries. Dans
ce dernier cas, il n'est pas rare d’observer le dé-
tachement complet du tégument externe de la
paroi, comme ¢s'il s'agissait d'une coquille
d’oeuf. Une fois la perforation de la structure
réalisée, l'activité enzymatique lysante n’est
pas arrétée. Les ouvertures initiales créées par
les bactéries atteignent a peine la largeur de
ces derniéres, mais trés t6t, ces trous s’élargis-
sent, les bactéries s’y multiplient et y passent
aisément (Fig. 6 et 7). Il est a remarquer que le
diameétre des ouvertures engendrées par les
bactéries est sensiblement identique et limité a
une grandeur quasi égale, or l'origine et la natu-
re des échantillons sont différentes. Dans des
matiéres ol la biodégradation est avancée, on
peut observer une faible zone de lyse autour
des microorganismes qui sont couchés sur le
substrat (Fig..12). Le mécanisme de la pénétra-
tion microbienne dans des substrats déterminés
fut également suivi en microscopie électronique
a transmission (MET). Les bactéries non péné-
trantes & proximité de la paroi sont situées pa-
rallélement & cette derniére {Fig. 16). Par con-
tre, quand la position spatiale de la bactérie est
entre 20° — 90° par rapport a la paroi de la cel-
lule-héte (Fig. 17), I'activité lytique est grande
et la perforation est engendrée. La structure pa-
riétale de I'héte dans cette zone devient désor-

ganisée et la lyse assure la formation des ouver-
tures. La progression de la zone lysée dans le
substrat est rapide (Fig. 18). Le diamétre de la
perforation augmente et par cette ouverture les
bactéries trouvent accés au niveau inférieur du
milieu {Fig. 15). Un agrandissement plus impor-
tant d’'une bactérie isolée de matériel fongique
en voie de biodégradation démontre une polari-
té remarquable. Un réseau de fibres orientées
et structurées a l'extrémité du batonnet tan-
dis que, dans la partie latérale de la bactérie,
cette structure perd de I'importance (Fig. 14).
Ces fibres bactériennes sont de nature polysac-
charidique (6, 19) et jouent um réle important
dans I'adhésion de la bactérie sur une surface
donnée.

La position verticale des bactéries fut égale-
ment observée dans des cultures bactériennes
sur milieu synthétique (culture sur gelose-agar)
{7). L'adhérence entre la bactérie et son milieu
jouerait méme dans ces conditions un rdle trés
important.

ABREVIATIONS
b Bactéries

Ba Baside

Sp Spirille

my My célium
S Substrat
pa Point d'adhésion

p Perforation

As Ascospore

bs Basidiospore

sh Surface hymeéniale
ze Zone équatoriale
z! Zone de lyse

Mn Matériel nucléaire

pf Paroi fongique

pb Paroi bactérienne

Pal Paroi d 1'algue

MEB Microscope électronique a balayage
MET Microscope électronique & transmission
Tech Technique

SPC  Point critique de séchage

Conclusions

L'ensemble des observations réalisées au
MEB et au MET consacrées a I'étude de la posi-
tion spatiale des bactéries sur des matiéres vé-
gétales d’origines diverses, démontre I'impor-
tance toute particuliére de ce phénomeéne.

Un prolongement de la structure pariétale
bactérienne de nature polysaccharidique, sous
forme de microfibrilles est mis en évidence.
L'organisation de ces derniéres est bien struc-
turée dans la partie polaire des bactéries. A cet-



76 G.M. Oléh, L. Innes-Gaboury, O. Reisinger & 0. DesBiens

Figure 1 — Distribution des bactories sur la surface mycélienne et sur les débris végétaux de racines de luzerne en voie de
décompasition. Les bactéries y sont situées pour la plupart dans une position verticale {matériel végétal n® 7)
Observations: MEB, tech, SPC, X5 000

Figure 2 — La surface externe du substrat en occurrence la racine de luzerne est envahie par une population bactérienne
importante (batonnets, spirilles). Le point d’adhésion des bactéries est polaire {matériel végétal n° 7) '
Observations: MEB, tech, SPC, X10 000
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Figure 3 — Mycélium isolé d'un bulbe d’oignon (tache rose, Pyrenochaeta terrestris {Hans} Gorenz, J.C. Walker et Lar-

son} démontre la position verticale des bactéries
Observations: MEB, tech, SPC, X10 000

Figure 4 — Un plus fort agrandissement du méme matériel
que la figure 3 précise davantage |'angle droit de I'axe longi-
tudinal de la bactérie par rapport au substrat {mycélium) et
une zone annulaire au point d’adhésion.
Observations: MEB, tech, SPC, X20 000

Figure 5 — Sur des substrats de nature et d’origine diffé-
rentes des bactéries de morphologie variable (B) et {Sp) dé-
montrent la méme position spatiale (matériel végétal n° 7)
Observations: MEB, tech, SPC, X20 000
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Figure 6 — Les perforations initialement engendrées sous |'effet d'activités enzymatiques bactériennes s’élargissent de
plus en plus, créant ainsi I'accés aux autres bactéries. Il n'est pas rare d’observer la multiplication de ces organismes en ces
lieux. Racine de luzerne en voie de dégradation {matériel végétal n? 7)

Observations: MEB, tech, SPC, X10 000

Figure 7 — Des phénoménes similaires sont rapportés dans le cas de I'échantillon récolté dans la forét tropicale prés de
Belém. Biodégradation de la matiére végétale niveau 1.
Observations: MEB, tech, préfixation a 'alcool 65%, SPC, X5 000
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Figure 8 — Ascospore (As) et paraphyses (¥} de Cookeina sulcipes (Berk.) Kuntze, avant la biodégradation.
Observations: MEB, tech, SPC, X2 000

Figures 9 et 10 — Les spores du méme champignon sont envahies par une population bactérienne qui se situe dans la zo-
ne équatoriale de I'ascospore.
Observations: MEB, tech, SPC

Figure 9 X10 000

Figure 10: X3 000
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Figure 11 — La surface hyméniale de Coprinus ephemerus ss Locqg. est couverte de basides et basidiospores. Ces dernie-
res, a cause de leur paroi mélanisée, sont difficilement biodégradables.
Observations: MEB, tech, préfixation & I'alcool 65%, SPC, X1 000

Figure 12 — Les résidus d’origine végétale accumulés a la
surface du sol {niveau 1) sont aussit6t pris en charge par la
microflore et la chaine trophique. La biodégradation débute.
Observations: MEB, tech, préfixation a I'alcool 65%, SPC,
X5 000

Figure 13 — Une bactérie démontrant une position spatiale
caractéristique est située sur une zone de faiblesse pariétale
d‘une spore de Coprinus ephemerus ss. Locq. (emplace-
ment du pore germinatif). Observations: MEB, tech, préfi-
xation & l'alcool 65%, SPC, X10 000
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Figure 14 — Formation de I'endospore bactérienne. Bactérie isolée du matériel fongique Pyrenochaeta lycopersici Schnei-
der et Gerlach aprés une période d’incubation d’un mois. Un réseau de fibres bien orientées se trouve a I'extrémité du ba-
tonnet {voir fleches) tandis que sur la partie latérale, cette structure parait moins bien organisée.

Observation MET, fixation tétroxyde d'osmium, contraste au citrate de plomb, X40 000

v e

Figure 15 — Dans la paroi du matériel fongique P. /ycopersici, la bactérie a créé une ouverture 2 la suite d’une lyse micro-
bienne (vue de la bactérie en coup transversale).
Observations: MET, fixation tétroxyde d’osmium, contraste au citrate de plomb, X40 000
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Figure 16 — Dans la zone externe de la paroi de I'algue Enteromorpha salina Kiitz., on observe la présence de bactéries.
L'axe longitudinal du batonnet est paralléle a la structure pariétale de l'algue

Figure 17 — Chez l'algue Tolypothrix sp. la position spatia-

Figure 18 — La structure de la paroi fongique P. lycopersici
le de la bactérie est a 90° par rapport & la paroi et dans la zo-

est perforée et désorganisée sous 'effet de la lyse micro-
ne du point d’'adhésion, le reldchement de la structure pa- bienne.
riétale des deux organismes est visible.

Observations: MET, fixation tétroxyde d’osmium, contraste

Observations: MET, fixation tétroxyde d’osmium, contraste
au citrate de plomb, X35 000

au citrate de plomb, X40 000
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te particularité s'ajoute en méme temps la posi-
tion verticale de la bactérie et I'activité de la lyse
microbienne aboutissant a la perforation du
substrat. Les résultats obtenus démontrent que
la position verticale des bactéries n’est pas due
au hasard, mais bien au contraire il s'agirait
d’une concentration de I'activité lytique dans la
partie polaire prés du substrat. Dans un milieu
de biodégradation donné, un nombre élevé des
bactéries présentes se placent dans cette posi-
tion. Ce phénomeéne existe également, mais
beaucoup moins prononcé sur des millieux syn-
thétiques et dans des mono-cultures bactérien-
nes (travaux en cours Innes-Gaboury (7). Une
fois la perforation de la cellule-h6te complétée
durant une certaine période, l'activité lytique
continue et l'ouverture engendrée s’agrandit
encore. Les modéles de biodégradation expéri-
mentale et contrblée, en opposition avec des
échantillons récoltés directement dans la nature
nous ont permis de mettre en évidence que ce
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