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Pseudomonas aeruginosa
de origem hospitalar classificadas
pela producdo de piocina*

Sinval Martins de Melo**
& José Noronha Péres**

Resumo

Procedeu-se ao isolamento de amostras de Pseudomonas aeruginosa em quatro servicos
hospitalares (Bercario, Clinica Cirtirgica do Aparelho Digestivo, Clinica Uroldgica e Centro
de Tratamento Intensivo) da Faculdade de Medicina da UFMG. O material estudado cons-
tou de espécimes colhidos de ambientes (ar, pias, torneiras, etc.), alimento desinfetantes,
aparelhos, instrumentos e pessoal {médicos, enfermeiras, pacientes e recém-nascidos).
A partir desses materiais foram realizados 315 exames, obtendo-se 87 resultados positivos
para Ps. aeruginosa, que foram identificadas bioguimicamente. Cerca de 240 col6nias fo-

ram submetidas & tipificaco pela prova de produgéo de piocina, utilizando-se 18 amostras .

padrdo indicadoras. Os resultados obtidos foram os seguintes: 100% das col6nias isoladas
do Bergario foram tipificadas: 95,6% da Clinica Cirtrgica do Aparelho Digestivo; 50,7% da
Clinica Urolégica e 42,1% do Centro de Tratamento Intensivo. A Ps. aeruginosa de modelo
37 3112 foi predominante no Berc¢ério, tendo sido isolada de diversas fontes e constituiu o
tipo infetante endémico, ao lado de cinco outros tipos diferentes que ocorreram esporadi-
camente. Sua transmissdo aos recém-nascidos se dava diretamente através de mamadeiras
ou peras de succo contaminadas. Na Ciinica Cirdrgica do Aparelho Digestivo foram isola-
dos nove tipos diferentes, sendo predominante o 62 1231, encontrado nove vezes: no am-
biente, méos e orofaringe de enfermeiras e em pacientes. Na Clinica Urolégica, entre as
amostras tipificaveis, houve predominio do tipo 42 1414, que foi isolado oito vezes: do am-
biente, enfermeiras e pacientes. No Centro de Tratamento Intensivo houve predominéncia
de amostras ndo tipificlveis.

Summary

Pseudomonas aeruginosa from hospitalar source classified by pyocin production

Isolation of strains of Pseudomonas aeruginosa was performed in four wards (the nursery,
the surgical clinic of the digestive tract, the urological clinic and the intensive care center)
of the Hospital of the Faculdade de Medicina da UFMG. Specimens were collected from
the ambient {air, sinks, taps, etc.), food, desinfectants, apparatus, instruments and per-
sonne! {doctors, nurses, patients and newborns). From these materials, 315 cultures were
done with 87 isolations of Ps. aeruginosa that were identified by biochemical tests. About
240 colonies were submited to typification by the pyocin-production method employing 18
indicator standard strains. Results' obtained were: 100% of the colonies isolated from the
nursery were typed; 95.6% of those isolated from the surgical clinic; 50.7% of those isola-
ted from the urological clinic and 42.1% of those isolated from the intensive care center.
Type 37 3112 of Ps. aeruginosa was predominant in the nursery and it was isolated from
different ambient sources. Besides this type, five others were encountered sporadically.
Transmission of Ps. aeruginosa type 37 3112 to newborns occured via contaminated nur-
sing bottles or syringe. In the surgical clinic of.the digestive tract nine different types were
isolated and the type 62 1231 was predominant and it was isolated nine times: from the am-
bient, hands and oropharinx of nurses and from patients. in the urological clinic, type
42 1414 was predominant among the strains that could be typed and it was isolated in eight
occasions from the ambient, nurses and patients.’In the intensive care center the majority
of the strains isolated could not be typed.
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introducao

As infeccOes hospitalares, como casos espo-
rédicos ou surtos epidémicos, constituem uma
das maiores causas da morbidade e mortalida-
de entre os pacientes hospitalizados. Elas sio
conhecidas ha mais de um século, desde as ob-
servacoes iniciais de Semmelweis sobre a infec-
cdo puerperal. Ndo sendo um fenémeno novo,
e dada a sua fregliéncia até os nossos dias,
muitos profissionais tornam-se complacentes,
considerando-as mesmo como inevitaveis. En-
tretanto, grandes progressos tém sido feitos,
principalmente nos aspectos epidemioldgicos e
de seu controle.

O uso terapéutico das sulfas e dos antibidti-
cos trouxe mudanca consideravel as relacGes
parasito-hospedeiro e aos padrGes de infeccdes
hospitalares caracterizadas por um surpreen-
dente aumento de doencas por estafilococos e
bastonetes Gram negativos oportunistas, ao la-
do de um declinio acentuado das infeccdes es-
treptococicas (12, 30). Ultimamente os basto-
netes Gram negativos tém suplantado Staphy-
lococcus aureus {25). Entre estes, sobressai pe-
la importéncia Ps. aeruginosa, cuja predomi-
néncia e agressividade podem ser atribuidas a
propriedades como: facil adaptacdo as condi-
cObes ambientais de nutricdo, temperatura e
umidade (10), patogenicidade devido ao poder
invasivo e toxigeno (19, 20), resisténcia a vérios
desinfetantes e capacidade de receber e trans-
ferir fatores de resisténcia (21, 29).

As freqlientes solicitacdes de algumas clini-
cas hospitalares nos levaram a investigar os ti-
pos de Ps. aeruginosa nelas existentes, uma
vez que a simples determinacdo de espécie ndo
basta para estudo epidemiolégico das infec-
cOes hospitalares de origem bacteriana.

Material e Métodos

Servicos clinicos estudados — Bercério, Clinica
Cirdrgica do Aparelho Digestivo, Clinica Urol6-
gica e Centro de Tratamento Intensivo (CTI) do
Hospital das Clinicas da Faculdade de Medicina
da UFMG.

Espécimes examinados — De outubro de 1973
a setembro de 1974, examinou-se o total de 315
espécimes, obtidos das seguintes fontes: am-

bientes, alimentos, antissépticos e desinfetan-

tes, aparelhos e instrumentos diversos, pessoal

S.M. de Melo & J.N. Péres

médico e de enfermagem e pacientes hospitali-
zados. Amostras de objetos inanimados foram
coletadas por meio de zaragatoas umedecidas
em soro fisioldgico. O ar ambiente foi examina-
do, expondo-se, durante duas horas, placas de
agar acetamida (16). Do pessoal médico e de
enfermagem, coletou-se material das méos,
com auxilio de gaze umedecida em soro fisiol-
gico, e do orofaringe, usando-se zaragatoas.
Das criancas, colheu-se secre¢cdo do orofarin-
ge, com zaragatoas. Dos pacientes, foram obti-
dos escarros, urina de sonda de demora e dos
frascos de volume urindrio e ainda pus de feri-
das cirlrgicas.

Isolamento e identificacdo das amostras — As
amostras foram isoladas, semeando-se os dife-
rentes espécimes diretamente em placas de
agar acetamida, ou apos enriquecimento em
agua peptonada, durante uma ou duas sema-
nas. As placas foram incubadas a 37°C e, apos
48 horas, transferiam-se as colénias desenvolvi-
das para tubos de TSI, que eram incubados a
37°C, por 24 horas. Os tubos, com crescimento
suspeito de Pseudomonas, foram submetidos a
exame pelo Gram. Em seguida, as culturas de
bastonetes Gram-negativos eram identificadas
como Ps. aeruginosa pelas provas de: motilida-
de, producdo de indol, reacdo de citocromo-
oxidase, comportamento no meio de Sellers,
utilizacdo oxidativa da D-glicose; oxidacdo do
gluconato a 2-cetogluconato, producic de pio-
cianina, producdo de fluoresceina, crescimento
em “‘Pseudosel agar’’; crescimento a 42°C,
comportamento em agar-leite.

Conservacdo das amostras Jisoladas — As
amostras foram conservadas em meio de Lig-
niéres e em temperatura ambiente, ao abrigo da
luz..

Amostras indicadoras — Foram empregadas 18
amostras-padrdo selecionadas e descritas por
Jones & col. (18}, gentiimente cedidas pelo dr.
J.J. Farmer 1ll, do “Center for Disease
Control”, Atlanta, USA.

Producado das piocinas — As piocinas foram
obtidas em meio 81, descrito por Jones & col.
(17).

Tipificacdo das amostras — As amostras de Ps.
geruginosa isoladas foram tipificadas pelo mé-
todo desenvolvido por Farmer e seus colegas
(8,9, 17, 18).
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Tabela 1 — Piocina-tipificacdo de amostras de Ps. aeruginosa do Hospital das Clinicas da Faculdade de Medici-

na da UFMG
Colbnias
Servigos N° de exames N° de isolamentos  Coldnias estudadas
Tipificadas (%)  Ndo tipificadas (%)
Bercario 116 30 (25,8) 91 91 (100} 0{0)
Clinica do Aparelho 75 16 (21,3) 23 22 (95,6) 14,3
Digestivo
Clinica Uroldgica 43 21 {48,8) 69 35 (50,7) 34 (49,2)
Centro de Tratamento 81 20 (24,6) 57 24 (42,1) 33 (57,8)
Intensivo
Total 315 87 (27,6) 240 172 (71,6) 68 (28,3)
Resultados po. E, ainda, de uma crianca com diarréia,

Os resultados gerais, obtidos nos diferentes
Servicos do Hospital das Clinicas da Faculdade
de Medicina da UFMG, sdo apresentados na
Tabela 1.

Bercério — Dos 315 espécimes de materiais
examinados, 116 procederam do Bercério, dos
quais 30 foram positivos para Ps. aeruginosa.
Destes, 91 coldnias obtidas foram tipificadas
pela producdo de piocina (Tabela 1).

Entre os diversos ambientes examinados, nas
dependéncias do Bercario, alguns deles, como
ar, banheira, incubadoras e pias, foram positi-
vos para Ps. aeruginosa, fornecendo o total de
44 coldnias para estudo. Estas foram classifica-
das em cinco tipos diferentes, mas 35 pertence-
ram a um mesmo tipo. As amostras colhidas di-
retamente dos frascos de leite, preparados para
abastecer as mamadeiras, foram sempre nega-
tivas para Ps. aeruginosa. Mas, o mesmo nédo
aconteceu com as amostras colhidas das ma-
madeiras, prontas para uso das criancas. Estas
se achavam contaminadas com o tipo de Fs.
aeruginosa: 37 3112,

Solucdes desinfetantes a base de tetraborato
de sédio, em uso para a esterilizacdo de sondas
géstricas, mostraram-se sempre estéreis, quan-
do examinadas. Entretanto, solugdes de hipo-
clorito de sédio (Milton’’), em uso com mama-
deiras, bicos e peras, foram positivas para o
mesmo tipo de Ps. aeruginosa isolados das ma-
madeiras. Espécimes colhidos das maos e de
orofaringe de trés médicos e oito enfermeiras
foram negativos para Ps. aeruginosa, mas uma
estagiaria, estudante de enfermagem, apresen-
tou esta bactéria no orofaringe.

De 31 recém-nascidos, assintomaticos, em
que se examinou rhaterial do orofaringe, 15
apresentaram culturas positivas para o tipo
37 3112 de Ps. aeruginosa, sendo o orofaringe,
de um deles, colonizado também por outro ti-

isolou-se o tipo 37 3112, das fezes.

Das 91 coldnias tipificadas, 81 apresentaram
o modelo de producio de piocina 37 3112 e as
outras dez, cinco modelos diferentes. A de mo-
delo 37 3112 estava presente em todos o0s tipos
de fontes positivas de Ps. aeruginosa (Tabela
2). Ela s ndo foi encontrada numa das pias,
colonizada pelo tipo 61 1111,

Tabela 2 — Distribuicio dos tipos de Ps. aeruginosa isola-
dos do bercéario do Hospital das Clinicas da Faculdade de
Medicina da UFMG, segundo as fontes

Fonte N? de golénias Tipo
examinadas
Ar. 4 3 373112
1 64 7577
Banheira 9 373112
Incubadoras
{Agua) 11 10 373112
1 66 1271
Pias 13 373112
20 5 611111
2 62 1231
Alimento
(Mamadeira) 9 373112
Desinfetante
(“Milton"") 5 373112
Enfermeira 1 373112
Recém-nascidos 32 3 373112
62 1614

Clinica cirdrgica do aparelho digestivo — Dos
75 espécimes examinados nessa clinica, 16 fo-
ram positivos para Ps. aeruginosa. Estes forne-
ceram 23 colbnias, das quais 22 foram tipifica-
veis (Tabela 1). Das pias de duas enfermarias e
da sala de enfermagem, foram isolados quatro
tipos diferentes de Ps. aeruginosa. Dos oito
médicos examinados, n&o se isolou Fs. aerugi-
nosa; porém, de cinco das 17 enfermeiras,
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isolaram-se amostras pertencentes a quatro
modelos diferentes de producdo de piocina.
Um destes foi isolado das méos de duas enfer-
meiras e do orofaringe de outra, enquanto os
demais achavam-se nas méos de trés outras en-
fermeiras. Amostras de urina, de 24 horas, de
18 pacientes, e pus de feridas cirdrgicas de seis
outros forneceram quatro exames positivos en-
tre os primeiros e trés, entre os Ultimos, para

" Ps. aeruginosa. A distribuicdo dos tipos de Ps.
aeruginosa, encontrados nessa Clinica, segun-
do suas fontes de isolamento, é mostrada na
Tabela 3.

Tabela 3 — Distribuicdo dos tipos de Ps. aeruginosa isola-
dos da Clinica Cirtrgica do Aparelho Digestivo do Hospital
das Clinicas da Faculdade de Medicina da UFMG, segundo
as fontes

Fonte N? de golﬁnias Tipo
examinadas
Pias 1 42 1724
1 62 1231
4 1 62 7864
1 82 8888
Enfermeiras
— Méos 1 111114
2 12 1426
6 2 62 1231
1 62 4444
— Orofaringe 1 62 1231
Pacientes
— Urina 24hs 6 5 62 1231
1 - 624414
— Ferida Ci-
rargica 6 5 62 1231
1 ndo tipificavet

Clinica urologica — De 43 espécimes de mate-
riais examinados, procedentes da Clinica Urolé-
gica, 21 deram culturas positivas para Ps. aeru-
ginosa. Destas, foram isoladas 69 col6nias, das
quais 35 foram tipificaveis (Tabela 1). Dos-am-
bientes examinados na Clinica Uroldgica, Ps.
aeruginosa foi isolada de guatro pias e trés tor-
neiras. A classificacdo de 19 coldnias, destes
exames, permitiu identificar cinco tipos diferen-
tes, ao lado de seis coldnias ndo tipificaveis. Ps.
aeruginosa foi isolada das maos de cinco enfer-
meiros e do orofaringe de dois outros, enquan-
to 0s exames feitos em trés médicos foram ne-
gativos. De nove amostras de urina examina-
das, pertencentes a nove pacientes com sonda
de demora, Ps. aeruginosa foi isolada de seis
delas. De uma solucdo de tetraborato de sddio
contendo catéteres estéreis para uso, foi isola-
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da Ps. aeruginosa e um fungo anemodfilo, de
micélio estéril.

A distribuicdo dos tipos de Ps. aeruginosa,
encontrados na Clinica Urologica, segundo
suas fontes de isolamento, é mostrada na Ta-
bela 4.

Tabela 4 — Distribuicdo dos tipos de Ps. aeruginosa isola-
dos da Clinica Uroldgica do Hospital das Clinicas da Facul-
dade de Medicina da UFMG, segundo as fontes

o .
Fonte N? de golonlas Tipo
examinadas
Pias 1 37 3122
1 38 3126
13 4 42 1414
3 62 6414
4 ndo tipificavel
‘“Torneiras 7 42 1414
10 1 . 88 8788
2 ndo tipificavel
Desinfetante
{Tetraborato de
sodio) 5 néo tipificavel
Enfermeiros
— Méos 3 42 1414
8 1 61 2631
4 néo tipificavel
- Orofaringe 3 1 41 1131
2 ndo tipificavel
Pacientes
— Urina 3 41 1131
30 5 42 1414
5 84 8816
17 ndo tipificavel

Centro de tratamento intensivo — De 81 espé-
cimes oriundos de fontes diversas do CTi, 20
foram positivos para Ps. aeruginosa. Destes,
foram isolados 57 coldnias, das quais apenas 24
foram tipificaveis pela producio de piocina, co-
mo é mostrado na Tabela 1.

Dos ambientes examinados, Ps. aeruginosa
foi isolada de cinco pias e uma torneira, no total
de 26 colonias. Destas, 15 foram tipificaveis,
sendo que 10 delas pertencem ao tipo 88 8878.
A pia de uma das enfermarias foi examinada
trés vezes, em um periodo de 10 meses, forne-
cendo, em todos os exames, culturas de Ps. ae-
ruginosa ndo tipificaveis.

Do ar das enfermarias, ndo se isolou Ps. ae-
ruginosa apos a exposicdo de nove placas de
agar acetamida. Os respiradores, antes de se-
rem usados, ndo forneceram culturas positivas.
Apds o'seu uso, as secrectes colhidas do inte-
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Tabela 5 — Distribuicdio dos tipos de Ps. aeruginosa isola-
dos do Centro de Tratamento Intensivo do Hospital das Cli-
nicas da Faculdade de Medicina da UFMG, segundo as fon-
tes

Fonte N¢ de coldnias Tipo
Pias 3 66 1273
20 2 88 8578
4 88 8878
1 néo tipificavel
Torneiras 6 88 8878
Enfermeiras
— Méos 1 66 1586
7 4 88 6888
2 néo tipificavel
— Orofaringe 1 néo tipificavel
Pacientes
— Escarro 23 4 87 8588
19 néo tipificavel
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rior dos tubos figuram neste trabalho como ma-
terial de pacientes {escarro). Espécimes de ma-
teriais obtidos de sete médicos foram negati-
vos, enquanto, de quinze enfermeiras examina-
das, Ps. aeruginosa foi isolada das méos de
quatro delas e do orofaringe de uma. Ps. aeru-
ginosa foi isolada de escarros de sete pacien-
tes, entre 14 examinados, tendo sido estudadas
23 coldnias, das quais apenas quatro foram tipi-
ficadas.

A distribuicdo de tipos de Ps. aeruginosa en-
contrados no CTl, segundo suas fontes de iso-
lamento, pode ser vista na Tabela b.

Distribuicdo dos tipos de Ps. aeruginosa — A
Tabela 6 mostra os tipos de Ps. aeruginosa iso-
lados nas quatro Clinicas, bem como suas fon-
tes de origem e o numero dessas para cada tipo
encontrado.

Tabela 6 — Tipos de Ps. aeruginosa encontrados em quatro servicos do Hospital das Clinicas da Faculdade de
Medicina da UFMG, segundo a natureza e o nimero de fontes positivas

Fonte Ambiente

Mamadeira
e desinf.

Recém Pacientes

nascidos

Enfermeiros

Tipo

Clinica
‘Banheira
Incubadora
Pia
Torneira
Mamadeira

Desinfetante

Orofaringe
Orofaringe
Fezes

Ferida cirarg.
Escarro

Total

Mao
Urina

&
-
N
N
-

37 3112
61 11117
62 1231 1
62 1614
64 7577 1

66 1271 1

-

Bergério

—
—
[$24
s
N>

JN NN <]

111114
12 1426
42 1724 1
62 1231 1
62 4414
62 4444
62 7864 1
82 8888 1
Néo tip.

Clinica Cirdrgica
do Aparelho Digestivo

P I o JT G

37 3112 1
38 3126 1
41 1131
42 1414 2 2
61 2631
62 6414 1
84 8816
88 8788 1
Nio tip. 31

Clinica Uroldgica

w
s
W m s ON

[
N
N

66 1273 1
66 1586
87 8588
88 6888
88 8578 1
88 8878
N3o tip. 3

C.T.L

-
s

RN 2 b o =2

N
[e2]
e

a — Os numeros se referem a quantidade de fontes positivas



174

Discussao

A classificacdo de amostras de Ps. aerugino-
sa, inicialmente feita por soro-tipificaciio (22},
pela associacdo de soro e fagotipagem (14, 24},
foi logo acrescida da piocina-tipificacdo, que
tem sido empregada com sucesso. Assim,
amostras mucoides e ndo mucédides, de um
mesmo paciente com fibrose cistica, mostra-
ram pertencer ao mesmo tipo piocinico (35). A
piocino-tipificacdo tem se revelado bom marca-
dor epidemioldgico (5, 13). Com seu emprego,
tem sido possivel esclarecer a origem e o modo
de transmissdo de Ps. aeruginosa na infeccio
hospitalar (2, 5, 7, 11, 15, 27, 33).

Bergdrio — A maior freqiiéncia de amostras
pertencentes a um Unico modelo de producéo
de piocina (Tabela 2}, em relaco as outras oca-
sionalmente encontradas, é um fato relatado
por Wahba (34), que observou o predominio de
tipos em enfermarias de pacientes muito sus-
ceptiveis a infeccédo, como ¢é o caso dos recém-
nascidos.

A contaminacdo do desinfetante ““Milton’
pelo tipo 37 3112 deve ter sido em conseqiién-
cia de matéria redutora presente nos bicos, ma-
madeiras e principalmente no interior das peras
de borracha que se achavam nas mesmas solu-
coes; pois a eficiéncia desse desinfetante re-
quer escrupulosa limpeza do material a ser de-
sinfetado. Quando esse detalhe nfo é observa-
do, a matéria orgénica presente reduz o teor de
cloro em uso e, em conseqtiéncia disso, a solu-
cédo perde sua acdo antimicrobiana; como tem
acontecido (1, 32).

Teres & col. (31) apontaram as pias coloniza-
das por Ps. aeruginosa, como fonte de conta-
minacdo de maos de enfermeiras. Embora as
pias e a banheira se achassem colonizadas por
Ps. aeruginosa, as enfermeiras do bercéario, em
nenhuma ocasido, apresentaram exames positi-
vos de material colhido das m&os, para esta
bactéria. Edmonds & col. (6) atribuiram as
pias contaminadas papel relevante na transmis-
s8o desta bactéria aos doentes com queimadu-
ra através do espalhamento de goticulas. Por-
tanto, a presenca do tipo 37 3112 no ar pode
ser explicada pela formacdo de aerosol pelo es-
palhamento de agua das pias.

Os dados obtidos no Bercario permitem
apontar as mamadeiras e as peras de sucgio
como veiculos de transmissdo de Ps. aerugino-
sa, de modelo 37 3112, as criancas.
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Clinica cirdrgica do aparelho digestivo — Das
quatro amostras de Ps. aeruginosa isoladas de
ambiente (pias), somente a de modelo de pro-
dugéo de piocina 62 1231, isolada da pia da en-
fermaria de mulheres, apareceu também no
pessoal. Esse tipo foi isolado: das m3os de duas
enfermeiras, do orofaringe de uma enfermeira,
da urina de 24 horas de trés pacientes e da feri-
da cirdrgica de dois pacientes (Tabela 6). Por-
tanto, esse tipo, isolado de todas as fontes po-
sitivas para Ps. aeruginosa (Tabela 3), merece
atengdo especial, em relacdo aos outros oito,
isolados de uma Unica vez.

A presenca de Ps. aeruginosa de modelo de
producdo de piocina 62 1231, em urina de 24
horas, mdos de enfermeiras e ferida cirtirgica,
sugere a provavel cadeia de transmiss3o, pois,
como observou Mcleod (24), Ps. aeruginosa
persiste nos frascos de urina de 24 horas, de
onde parte a contaminacdo através das mios
do pessoal de enfermagem.

Clinica uroldgica — Entre as amostras tipifica-
veis de Ps. aeruginosa, procedentes da Clinica
Urolégica (Tabela 4), destaca-se a de modelo
de produgéo de piocina 42 1414, que foi isolada
de torneiras e pias das enfermarias, mios de trés
enfermeiras e urina de um paciente. A impor-
téncia da colonizacdo de torneiras por Ps. aeru-
ginosa, tem sido enfatizada por Constable &
Thompson (4). A amostra de modelo 41 1131
foi isolada do orofaringe de uma enfermeira e
da urina de um paciente. As outras amostras ti-
pificaveis ocorreram esporadicamente nos es-
pécimes examinados.

O baixo percentual (50.7%) de colénias tipifi-
caveis pela producdo de piocina permite pensar
na ocorréncia de tipos predominantes entre as
ndo tipificadas. Além disso, col6nias n&o pro-
dutoras de piocina.foram isoladas de uma solu-
cdo de tetraborato de sédio com cateteres con-
siderados estéreis para uso. Fatos como este,
de insucesso com a desinfeccdo quimica, tém
sido apontados como causas de transmissdo de
infeccGes por Ps. aeruginosa (3, 26, 33).

Centro de tratamento intensivo — O método de
tipificacdo pela produgdo de piocina sé permitiu
classificar 42,1% das amostras isoladas no CTl
(Tabela 1) e as amostras tipificadas parecem
ndo desempenhar papel importante nas infec-
cdes, porque foram encontradas ocasional-
mente, em alguns espécimes examinados (Ta-
bela 5). Dos sete pacientes com exames positi-
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vos para Ps. aeruginosa, apenas um apresen-
tou amostra tipificavel pelo método usado, cujo
tipo, 87 8588, ndo foi isolado de outra fonte
{Tabela b). Talvez este tipo tenha sido trazido
pelo proprio paciente, justificando, assim, uma
hipotese de Morehead & Houck (26), a respeito
daintroducéo da Ps. aeruginosa nos centros de
tratamentos intensivos.

Teres & col. (31) estudando a ocorréncia de
infeccdes por Ps. aeruginosa, em centro de tra-
tamento intensivo, no periodo de 19 meses,
conseguiram tipificar, pela producdo de pioci-
na, 75% das amostras isoladas de pacientes.
Dois dos tipos isolados foram considerados
amostras “residentes’’. Enquanto Lowbury &
col. (23), empregando a fago e soro-tipificacdo,
foram capazes de identificar a maioria das
amostras de Ps. aeruginosa isoladas num perio-
do de 20 meses, em centro de tratamento in-
tensivo. Ao longo do estudo, ocorreram oito
surtos de infeccdo, dos quais foram isolados 18
tipos diferentes. Os tipos variavam muito, de
um surto para outro, ndo havendo amostras en-
démicas nos pacientes.
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Degradacao de tirosina

por amostras de enterobactérias

e outros microrganismos
Gram-negativos: utilidade da prova

Maria Henriqueta L. dos Reis*
Waldely de Oliveira Dias
& Luiz Rachid Trabulsi

Resumo

Foi estudada a utilizag8o da tirosina por 1388 amostras de enterobactérias e outros micror-
ganismos Gram-negativos. O aminoacido foi degradado por amostras dos géneros Citro-
bacter, Serratia, Proteus, Providencia, Pseudomonas e Aeromonas. Utilizaram a tirosina,
em 24 horas, 264 amostras (100,0%) dos géneros Proteus e Providencia, 35 amostras
{70,0%) de Citrobacter freundii H,S * indol-, uma amostra de C. freundii H,S- indol~ e as
duas amostras de Citrobacter diversus testadas. O teste foi positivo, em 48-72 horas, com
10 amostras {20,0%) de C. freundii H,S* indol~ e nove amostras (23,7%) de Serratia mar-
cescens. No género Pseudomonas, sete amostras (6,0%) utilizaram a tirosina em 24 horas
e 65 amostras {65,6%) em 48-72 horas. Duas, de trés amostras de Aeromonas, foram tirosi-
na positiva em 48-72 horas. O teste mostrou-se, conforme citado na literatura, de igual va-
lor que a fenilalanina desaminase, na identificacdo dn Proteus e Providencia, podendo,
eventualmente, ser utilizado como prova adicional na identificacdo de amostras de Citro-
bacter e Pseudomonas.

Summary

Tyrosine degradation by enterobacteria and other Gram-negative microorganisms: the use-
fulness of the test

The use of tyrosine by 1,388 strains of enterobacteria and other gram-negative microorga-
nisms was studied. The amino acid was utilized by strains of Citrobacter, Serratia, Proteus,
Providencia, Pseudomonas and Aeromonas. All 264 strains (100.0%) of Proteus and Provi-
dencia, 35 strains (70.0%) of Citrobacter freundii H,S + indol-, one strain of C. freundii
H,S-indol~ and the two tested strains of Citrobacter diversus gave a positive tyrosine reac-
tion in 24 hours; 10 strains (20.0%) of C. freundii H,S * indol~ and nine strains (23.7%) of
Serratia marcescens showed a delayed positive reaction. The tyrosine was utilized, in 24
hours, by seven strains {6.0%) of Pseudomonas and in 48-72 hours by €5 {565.5%) of these
strains. Two strains of Aeromonas, among the three studied, were tyrosine positive in 48-
72 hours. The results indicate that the tyrosine medium is of value in identifying the Proteus
— Providencia group and may be useful as an additional test to identify Citrobacter and
Pseudomonas strains.

Introdugéo

177

Actinomyces aerdbios (4, 5). Mais recentemen-
Devido a grande incidéncia de enterobacté- te, foi verificado que este meio poderia ser utili-
rias atipicas isoladas de material clinico (6, 7}, zado, também, na diferenciacdo de enterobac-

torna-se necessario o emprego de novos testes . térias (7).

que co:ntribuam para a identificacdo dessas O presente trabalho tem como objetivos con-
amostras. firmar os dados ja existentes na literatura e am-
O meio de tirosina, descrito em 1955 (4), foi pliar os estudos para outros microrganismos

empregado, a principio, na caracterizagdo de Gram-negativos.

* Disciplina de Microbiologia, do Departamento de Microbiologia, Imunologia e Parasitologia da Escola Paulista de Medici-

na, Rua Botucatu, 862, 3 andar, 04023, S&do Paulo, SP, Brasil.
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Material e Métodos

Amostras — Foram estudadas 1388 amostras
de enterobactérias e outros microrganismos
Gram-negativos, Oitocentas e trinta e seis
amostras foram isoladas em nosso laboratdrio,
em 1977, a partir de fezes de criancas diarréicas
e normais e b52 foram obtidas de varios mate-
riais clinicos, fazendo parte da bacterioteca do
laboratdrio. As amostras estudadas constam da
Tabela 1. Sua identificacdo foi feita pelas pro-
vas recomendadas por Edwards & Ewing (1) ou
pelo sistema APl 20-E (Analytab Products, Inc.,
Plainview, N.Y.), quando necessério.

Tabela 1 — Enterobactérias e outros microrganismos
Gram-negativos estudados no teste de degradacdo de tiro-
sina

. . N? de amostras
Microrganismos

testadas

Escherichia coli 375
Shigella flexneri 53
S. sonnei 35
S. dysenteriae 20
S. boydii 10
Edwardsiella tarda 4
Salmonella typhimurium 42
S. anatum 15
S. derby 18
S. newport 11
S. typhi 12
S. sp 25
Arizona hinshawii 17
Citrobacter freundii

H,S* indol- 50
C. freundii

H,S- indol * 3
C. freundii

H,S~ indol- 6
Citrobacter diversus 2
Klebsiella pneumoniae 138
Enterobacter hafniae 1
E. cloacae 94
E. aerogenes 9
E. agglomerans 6
E. sp 4
Serratia marcescens 33
S. liquefaciens 5
Proteus mirabilis 87
P. vulgaris 15
P. morganii 90
P. rettgeri 34
Providencia alcalifaciens 31
P. stuartii 7
Yersinia enterocolitica 10
Y. pseudotuberculosis 6
Pseudomonas sp 117
Aeromonas sp 3
Total 1.388

Meio de tirosina — O meio de tirosina utilizado
foi o descrito por Sheth & Kurup (7). Quatro
gramas de L-tirosina (Sigma) foram adiciona-
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dos a 1000ml de agar-triptona (Oxoid) e auto-
clavados a 120°C, durante 15 minutos. O meio
foi distribuido em placas de Petri estéreis, to-
mando-se o cuidado de espalhar uniformemen-
te os cristais de tirosina, que nédo sdo compieta-
mente sollveis. As placas, conservadas em ge-
ladeira, foram utilizadas no periodo maximo de
trés semanas.

Método — A metodologia utilizada foi a descri-
ta por Sheth & Kurup (7), modificada. Placas
contendo o meio de tirosina foram divididas em
cinco partes iguais, nas quais foram semeadas
duas amostras-controle (uma que ndo utiliza a
tirosina, e outra que degrada o aminoacido) e
trés amostras a serem estudadas. A semeadura
foi feita com uma alca de niquel-cromo, a partir
de culturas crescidas 24 horas em agar nutrien-
te inclinado, tendo o inéculo o didmetro aproxi-
mado de 6-10mm. As leituras foram feitas a ca-
da 24 horas, por um periodo de incubacdo de
72 horas. As amostras de Yersinia foram incu-
badas a 28°C e as demais a 37°C. A prova foi
considerada positiva quando a decomposicédo
da tirosina pela bactéria levou ao aparecimento
de um halo claro ao redor do indculo, em 24 ho-
ras. O aparecimento de qualquer clareamento
do meio, ao redor do inéculo, apés 48 horas, foi
considerado como prova positiva tardia. Na au-
séncia de qualquer halo e em presenca de cres-
cimento adequado da amostra, a prova foi con-
siderada negativa.

Resultados

Experimentos preliminares, realizados com o
intuito de avaliar as modificagdes introduzidas
na metodologia utilizada, revelaram que os re-
sultados eram os mesmos quando a inoculacgdo
em meio de tirosina era feita a partir de col6nia
isolada ou a partir do crescimento das amostras
em agar nutriente inclinado. Os halos de de-
composicdo de tirosina, de uma amostra positi-
va, tinham aproximadamente o mesmo didme-
tro, quando se utilizava qualguer um dos in6cu-
los e para a amostra tirosina-negativa néo havia
aparecimento de halo.

Das 1388 amostras testadas, 310 (22,3%) de-
gradaram a tirosina em 24 horas; 86 (6,2%)
apresentaram prova positiva tardia e as demais
prova negativa. As amostras que apresentaram
prova positiva ou positiva tardia pertencem aos
géneros Citrobacter, Serratia, Proteus, Provi-
dencia, Pseudomonas e Aeromonas (Tabela 2).
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Tabela 2 — Degradacfo de tirosina por 1388 amostras de enterobactérias e outros microrganismos Gram-nega-

tivos
Teste Teste
Género N?° de amostras Positivo em 24hs Positivo em 48-72hs
testadas -
N¢ % N? %

Escherichia 375 0 0 0 0
Shigella 118 0 0 0 0
Edwardsiella 4 0 0 0 0
Salmonella 123 0 0 0 0
Arizona 17 0 0 0 0
Citrobacter 61 38 62,3 10 16,4
Klebsiella 138 0 0 0 0
Enterobacter 114 0 0 0 0
Serratia 38 0 0 9 23,7
Proteus 226 226 100,0 0 0
Providencia 38 38 100,0 0 0
Yersinia 16 0 0 0 0
Pseudomonas 117 7 6,0 65 55,56
Aeromonas 3 0 0 2 66,7
Total 1388 310 22,3 86 6,2

Tabela 3 — Drgradacédo de tirosina por 61 amostras de Citrobacter

Teste Teste
Microrganismo N? de amostras Positive em 24hs Positivo em 48-72hs
testadas
N? % N? %

Citrobacter freundii

H,S * indol- 50 35 70,0 10 20,0
C. rreundii

H,S- indol- 6 1 16,7 0 0
C. freundii

H,S-indol* 3 0 0 0 0
Citrobacter diversus 2 2 100,0 0 0

Entre 61 amostras de Citrobacter, 38 degra-
daram a tirosina em 24 horas e 10 em 48-72 ho-
ras. Das 50 amostras de Citrobacter freundii
H,S + indol-, 35 (70,0%) foram tirosina-positiva
em 24 horas e 10 (20,0%) positivas tardias. As
amostras de C. freundii H,S- indol+ ndo degra-
daram a tirosina, enquanto que uma amostra
de C. freundii H,S- indol- degradou o aminoéci-
do em 24 horas. As duas amostras de Citrobac-

ter diversus foram tirosina-positiva em 24 horas -

(Tabela 3). Dentre as 38 amostras de Serratia,
apenas nove amostras de Serratia marcescens
degradaram a tirosina tardiamente. As 264
amostras {100%) pertencentes aos géneros
Proteus e Providencia foram tirosina-positiva
em 24 horas, enquanto que nos géneros £sche-
richia, Shigella, Edwardsiella, Salmonella, Ari-
zona, Klebsiella, Enterobacter e Yersinia, ndo
se obteve prova positiva em qualquer das
amostras (Tabela 2). Das 117 amostras de

Pseudomonas testadas, 7 (6,0%) degradaram a
tirosina em 24 horas e 65 (55,5%) apresentaram’
prova positiva tardia. Duas das trés amostras
de Aeromonas foram positivas tardiamente.

Discussao

Os resultados obtidos pelo teste de degrada-
¢do da tirosina mostraram a grande utilidade do
meio na triagem do grupo Proteus-Providencia,
que apresentou prova positiva em 24 horas, em
100% "das amostras, enguanto que todas as
amostras de Escherichia, Shigella, Edwardsiel-.
la, Salmonella, Arizona, Klebsiella, Enterobac-
ter e Yersinia foram invariavelmente negativas.
Estes resultados confirmam outros anterior-
mente descritos na literatura em que o teste
mostrou-se de valor semelhante ao da fenilala-
nina desaminase, j& tendo sido descrita uma
amostra de Proteus morganii que ndo desami-
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mou a fenilalanina e apresentou o teste de tiro- -

sina positivo (7). Foi relatado também o seu va-
lor adicional na identificacdo de amostras atipi-
cas de Enterobacter agglomerans, fenilalanina-
positiva, que ndo degradam a tirosina, podendo
ser diferenciadas do género Providencia (7).

C. diversus, uma espécie de Citrobacter ca-
racterizada por néo apresentar formacéo de H,S
e apresentar formacdo de indol (3), tem sido
isolada de material clinico com relativa frequén-
cia (6, 7). Embora ainda ndo se saiba ao certo
seu papel como 'agente patogénico primario,
aceita-se seu’ envolvimento em infeccbes se-
cunddrias e hospitalares {8). Assim sendo, tor-
na-se necessaria sua identificacdo rapida e se-
gura no laboratoério clinico.

C. freundii pode apresentar formacdo de H,S
e ndo formar indol, sendo esta sua forma tipica
mais freqlente; pode ainda ndo formar H,S e
indol, ou ndo formar H,S e formar indol (2). No
ultimo caso, torna-se dificil sua diferenciacédo
de C. diversus. Sabe-se que estas bactérias po-
dem ser diferenciadas por provas de KCN e
adonitol: o C. diversus é KCN-negativo e adoni-
tol-positivo e o C. freundii, tipico e atipico,
KCN-positivo e adonitol-negativo. No presente
trabalho, nenhuma amostra de C. freundii H,S-
indol+ degradou. a tirosina, enquanto que as
duas amostras de C. diversus apresentaram
prova positiva, em 24 horas. As amostras de C.
diversus descritas na literatura (7) também
apresentaram prova de tirosina-positiva, em 24
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Summary

Human sera (1410) were collected in 20 states of Brazil, representatives of five geopolitic
regions. The indirect immunofluorescence technique was used to identify antibodies
against 7. gondii. About 61% reactors were identified. The prevalence was higher in the
Northern region among the autochthonous {more than 10 years living in the same region,
without migration} than among the mixed population from the same region. There was no
correlation between the number of reactors and epidemiologic aspects considered such as
sex, skin colour, blood group and rural or urban living. A definitive cerrelation was found
between the number of reactors and factors such as age, contact with animals, and profes-
sion or the kind of activity individuals were engaged in. The distribution of titres among
reactors was also examined. The test of Komolgorov-Smirnov showed the heterogeneous
distribution of titres among reactors classified according to age and contact with animals.
A similarity in the distribution of titres was obtained for individuals grouped according to
sex, skin colour, blood group and residence in urban or rural areas.

Resumo

Estudo soro-epidemiolégico da prevaléncia de toxoplasmose humana no Brasi

Foram estudados 1410 soros humanos, colhidos em 20 estados do Brasil, representativos
das cinco regides geopoliticas. Foi utilizada a técnica de imunofluorescéncia indireta para
identificar anticorpos contra o 7. gondii. Foram encontrados cerca de 61% de reatores.
A prevaléncia na regifo Norte foi maior entre os aut6ctones (individuos residentes ha mais
de 10 anos na regido, sem migracdo) do que a populagdo mista da mesma regido. N&o hou-
ve relacdio entre o numero de reatores e fenotipos epidemioldgicos ou aspectos considera-
dos como sexo, cor, grupo sangiiineo e ambiente de domicflio (rural ou urbano). Uma rela-
¢3o definida foi encontrada entre o nimero de reatores e fatores tais como idade, contato
com animais e profissdo e/ou ocupagio principal. Foi examinada, também, a distribuicdo
de titulos entre os reatores. O teste de Komolgov-Smirnov mostrou uma distribui¢éo hete-
rogénea de titulos entre os reatores classificados de acordo com o grupo etério e o contato
com animais. Uma grande semelhanga foi verificada na distribui¢do dos titulos & amostra
grupada segundo o sexo, a cor, 0 grupo sangiiineo e o ambiente de domicilio.

Introduction Institute of Microbiology (Federal University of
' Rio de Janeiro) coltected 3,000 serum samples

from recruits over the entire Brazilian territory

in 1964, with the collaboration of the Brazi- (6). Several serological surveys were carried
lian and American Air Forces and the human se-  out with this material, comprising various infec-
rum bank of the World Health Organization, the tious diseases including toxoplasmosis (9, 18).

* Institute of Microbiology, Federal University of Rio de Janeiro, 20000 Rio de Janeiro RJ.
**  Presidente Castelo Branco Institute. .
*** Biological Sciences Institute, Federal University of Minas Gerais, Brazil.




182

In view of the rather interesting results obtai-
ned in such surveys, another nationwide collec-
tion of sera was made in 1973. In this case sera
were collected from apparently healthy persons
of both sexes, different ages, living in rural as
well as in urban places. In a previous communi-
cation {13) we reported preliminary results on
the prevalence of reactors to Toxoplasma gon-
dii in the latter serum sampling. In the present
paper we studied additional factors which may
influence the prevalence of such reactors.

Material and Methods

Human sera (1410) collected in 20 States of
Brazil and representing 5 geopolitical regions
(Figs. 1 and 2) were studied. In every case in-

Figure 1 — Distribution of the serum samples in the Brazi-
lian States

I.D. Ricciardi, P.C. Sabroza, E.D. Sandoval & W. Mayrink

Figure 2 — Serum sample distribution in the Brazilian geo-
graphic regions
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formation was obtained on the place of birth,
actual address, migrations in the last 10 years,
area of residence (rural or urban), age, sex, skin
colour, blood group, profession and eventual
contact with animals. Blood groups were deter-
mined in our laboratory. The serum sample dis-
tribution according to these characteristics is
shown insTables 1, 2, 3, 4 and 5. The informa-
tion about the place of birth, address and mi-
grations can be found in a previous communi-
cation (13). .

Sera were analysed by the indirect immuno-
fluorescence method. Antigens and reagents
were prepared in our laboratory. Each serum
was examined at 1:16 to 1:2048 dilutions. Reac-
tors had sera with titres equal to or higher than
1:16. The X?test for the comparison of the fre-
quencies of reactivity among different sera was

Table 1 — Sampling distribution according to geographic region, age, sex and residence in rural or urban areas

Geographic
Regions o
North North- South Middle- South- Sub- Sub- Ignored | Total
Sampling
Distribution East West East. Total Total
Age 0— 5 - 13 17 12 15 57
(years)
6 — 20 39 263 101 87 213 703 1280 130 1410
> 20 45 192 68 66 149 520
Sex Males 76 261 100 94 201 732
1284 126 1410
Females 12 206 85 67 182 552
Residence Rural — 201 75 77 121 474
1252 168 1410
Urban 85 261 106 68 258 778
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used. The differences among the titres distribu-
tion curves were examined by the Komolgorov-

Smirnov test.

Table 2 — Percentages of reactors and sampling distribu-
tion in relation to skin colour
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Table 4 — Percentages of reactors and sampling distribu-
tion in relation to contact with animals(*)

Skin .

colour Examined Reactors %
Whites 571 340 . b9.54
Mulatos 319 201 63.00
Black 71 42 59.15
Total 961 (*) 583 60.66

2 2
X 1.1031< XZ o5

{*) Ignored — 499

12 =599

Table 3 — Percentages of reactors and sampling distribu-
tion in relation to the blood group

g‘OOd Examined Reactors %
roup

Group O 517 338 65.36
Group A 345 201 58.26
Group B 125 80 - 64.00
Group AB 88 57 64.77
Total 1075 (*) 676 62.88

2 — 2 -9 —
X2 =472< Xt os:3 =782

(*) Ignored — 335

g:i::;cst (V,:/)'th Examined Reactors %
Yes 515 342 66.40
No 301 170 56.47
Total 861 (**) 512 62.47
X2 =7595> X2 :1=23.84

0.05
(*) Domestic animals
(**) Ignored — 594

Results

Among the 1410 serum samples examined,
860 (60.9%) were reactors. A high prevalence
of reactors was observed in the autochthonous
population from the Northern region {75.3%) in
contrast with the somewhat lower prevalence

_in the mixed population from the same region

(63.5%)}. Such a difference between the two
populations was statistically significant (Table
6).

Among 1280 individuals grouped according
to age (Table 1) it was possible to distinguish 3
groups with different prevalences of reactivity
(Tabie 7). It was observed in these groups that
the humber of reactors increased with age. By
observing the distribution of serological titres in

Table 5 — Percentages of reactors and sampling distribution in relation to the profession or main occupation

Profession or main . -Age-standardized
occupation Examined Reactors. % percentage
Pre-school

“ children _ 57 24 42.11 61.81
Under-graduated

students 388 209 53.86 58.51
Peasants ’ 83 63 75.91 70.06
Home servants 136 82 60.29 55.81
Military

individuals 57 38 66.66 67.84
Civil workers 41 33 80.48 72.53
Salesmen 16 13 81.25 72.91
University-

graduated 63 32 50.79 45.03
individuals

Total 841 (*) 494 58.74

2 = 2 .7 =
X2 = 35.003 > ),(0.05 17 =141

(*) Ignored — 569
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Figure 3 — Distribution of relative frequencies of reactors as observed in the sample divided to age groups ga-
thered as a function of the difference in the serological reactivity
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the sera classified in the 3 age groups no diffe-
rences emerged in the two groups comprising
individuals less than 20 years old. Thus, al-
though 3 age groups could be distinguished ac-
cording to the prevalence of reactors only two
large groups (individuals > 20 and < 20 years
old) were recognized on the basis of the distri-
bution of the serological titres (Fig. 3).

The frequencies of reactivity were also stu-
died in ‘1284 individuals in relation to sex
{64.1% males and 58.9% females) and in 1252
individuals in relation to the area of residence
(63.3% urban; 60.9% rural).

The X2 test used in the analysis of prevalen-
ces of reactors in relation to skin colour (Table
2) and blood group (Table 3) did not show sig-
nificative differences between opposing groups
indicating that both parameters do not influen-
ce the number of reactors.

In contrast, the number of reactors among
individuals who reported to have had close or
sporadical contact with animals increased
when compared with those who had not {Table
4).

Among 841 individuals it was possible to cor-
relate the serological reactivity with their pro-
fession or main occupation (Table 5). The pre-
valence of reactors among University-educated
individuals was low in comparison with that
among peasants, civil workers and salesmen. In
the latter group the proportion of reactors was
higher than 75%. The X2 test confirmed the
significance of such difference.

Discussion

The high prevalence of reactors to 7. gondii
in our serum sampling confirms the one pre-
viously found in Brazil and other countries (1, 2,
9, 12 and 14). It is noticeable the difference bet-
ween the proportions of reactors observed in
autochthonus and mixed populations from the
Northern region. The age-standardized preva-
lence of reactors from this region did not in-
fluence the frequencies of reactivity (Table 6).
In a similar way contact with animals had no in-
fluence on the frequency of reactors. The high
proportion of reactors among the autochtho-
nous population from the Northern region
could be related to characteristics such as hu-
midity, hot weather and high. rain-fall density.
Such conditions favour the survival of oocysts
of 7. gondii in the soil and, consequently, the
increase in the number of reactors from places
where those environmental conditions prevail
(5, 7, 12 and 16).

Another possibility for the high prevalence of
reactors in the Northern region could be the oc-
currence of an epidemic. outbreak ten or more
years ago, which may have favoured the immu-
nological response of the autochthonous popu-
lation. Unfortunately, we could not obtain re-
presentative sera from individuals in the 0-10
years age group in the Northern region (Table
1) so we cannot at present discern between
these possibilities. Reports by Walls & Kagan
{18) and Lamb & Feldman (9) who worked with
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Table 6 — Normal and age-standardized percentages for the 6 geographic regions

Autochthonous popuiation (¥) Mixed population

Geographic —

regions Normal Age-standardized Normal Age-standardized

percentage percentage percentage percentage

Northern 75.34 73.58 63.56 60.73
North-East 60.05 59.86 58.19 58.31
Middle-West 53.85 55.35 56.28 57.38
South-East 63.42 63.32 66.27 65.91
Southern 59.72 60.28 59.57 60.24

{*) Ten or more years resident in the same region

sera from Brazilian recruits, sampled in 1964, al-
so found the highest prevalence of reactors
among inhabitants of the Northern region
which confirms our results.

The present data also suggests that the preva-
lence of reactors in the Northern region tend
to change in part due to migration. The collec-
tion of sera presently studied was carried out at
a time when the Transamazonica Road was un-
der construction. This road in conjunction with
several other governmental initiatives aimed at
fixing in the region populations coming from
other States, mainly Southern, are important
factors in determining the number of reactors.
Migrations have already been reported as a
cause in the modification of the immunoiogical
response of a community (4, 15).

The correlation between the increase in the
number of reactors and ageing has been cons-
tantly reported {4, 11, 12 and 17}. In the present
paper, the high prevalence of reactors in the 0-5
years age group suggests that the infection by
7. gondii in Brazil occurs during the first years
after birth. This is reinforced by a decrease in
the average geometric titres and the annual fre-
qguencies of serological conversion calculated

for each of the age groups (Table 7). The ho-
mogeneity in the distribution of titres in the 0-5
and 6-20 years age groups otherwise differen-
tiated according to the prevalence of reactors
probably is due to the stability of Toxoplasma
antibodies produced during the primary infec-
tion (Fig. 3).

The possibility of associating sex with the
prevalence of reactors to 7. gondii has also
been investigated (3, 12). Our results show that
the slight superiority in the number of male
reactors was not statistically significant. No sig-
nificant differences were also observed among
individuals according to sex, the age group and
the place of living. Apparently, the chance of
exposition to T. gondii is the same in individuals
of both sexes. This is suggested because the ti-

" tre distribution curves in the male and female

groups superimpose (Fig. 4).

‘In what concerns the place of living, Walls &
Kangan (18) and Lamb & Feldman (9) reported
conflicting data with the former authors descri-
bing a predominance of reactors in rural places
whereas the latter finding a greater prevalence
of reactors in urban places. Considering that
both reports dealed with the same serum sam-

Table 7 — Percentages of reactors, average geometric titres, annual frequencies of serological conversion and

sampling distribution in refation to age groups

Age group Average Anual frequencies
(years) Examined Reactors % geometric of serological
titres conversion
%
0— 5 57 24 42.11 131.75 10.52
6 — 20 703 400 56.90 108.75 1.06
> 20 520 367 70.58 74.58 0.34

X2 =33.47 > X2 _:2 =599

0.06
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Figure 4 — Distribution of relative frequencies of reactors as observed in the sampie classified according to sex
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pling (recruits sera) but since different serologi-
cal techniques were used it is difficult to explain
such discrepancies.

A few considerations ought to be made on
the difficulties in sampling individuals from the
rural areas. The autenticity of a permanent rural
residence can sometimes be questioned in Bra-
zil. The increasing communication facilities and
attraction exerted by the urban centres by and
large induce the rural man to live alternately in
rural and urban places. The migration to the ur-
ban centres of peasants in the periods between
the harvests is frequent. Thus, it is rather diffi-
cult to study a population of “autochthonous
rural inhabitants’’. It is possible that the similar
proportions of reactors obtained among indivi-
duals from both rural and urban areas are deter-
mined by other factors such as the contact with
animals and others. Contact with animals has
already been reported (8, 10) as a factor in-
fluencing the number of Toxoplasma reactors.
Apparently, there is no relation between the lat-
ter factor and the two habitats discussed above
if one has in mind that the cat is the domestic
animal mainly responsable for the transmission
of toxoplasmosis.

Contact with animals as a factor favouring
the greater exposition to 7. gondii is widely ac-
cepted in the epidemiology of toxoplasmosis.
We should thus expect an increased prevalence
of reactors among individuals who had repor-
ted contacts with animals. The absence of such
reports however does not exclude the chance
of contamination with animal faeces. Cat elimi-
nate infectious oocysts that survive in the soil

for long periods of time (7). In the present pa-
per the higher prevalence of reactors among in-
dividuals who reported selective contact with
cats could not be confirmed possibly due to
their low number in relation to individuals ha-
ving contacts simultaneously with other ani-
mals.

If the contact with animals favours the infec-
tion with Toxoplasma it seems obvious that the
main occupation or the profession are factors
intimately related to the epidemiology of this
zoonosis. Individuals graduated at the Univer-
sity as expected showed a low frequency of
reactors. In contrast the number of reactors
among children in the first age group was high
(Table 5). The result observed concerning the
group of salesmen must be regarded with cau-
tion because of the small samplirg. In relation
to the military individuals, they, were mostly re-
cruits and not career personnel. This could ex-
plain the high frequency of reactors found in
this group similar to that for other groups pre-
sumably with greater risks of contamination
with 7. gondii.
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Sensibilidade de Citrobacter diversus
(Levinea malonatica) e
Levinea amalonatica a antimicrobianos*
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Resumo

Testes de sensibilidade a quimioterapicos, com 55 amostras de C. diversus, 12 de L. amalo-
natica e trés amostras de comportamento bioguimico intermediario entre as trés espécies.
As 70 amostras foram isoladas de material clinico humano, a partir de urina, fezes, secre-
¢Bes tragueobrénquicas, incisdo cirdrgica, sangue, fossa nasal, e de liquido seminal, as
quais revelaram resisténcia a penicilina e seus derivados (oxacilina, cloxacilina, nafcilina e
ampicilina). Mais de 90% mostrou sensibilidade ao cloranfenicol, canamicina, gentamicina,
nitrofurantoina e trimetoprim-sulfametoxazol. Houve variagSes no grau de sensibilidade
com relacdo a neomicina, estreptomicina, sulfadiazina e sulfisoxazol com pequenas dife-
rengas de comportamento entre as espécies. O exame das amostras de C. diversus revelou
que 63,6% e 94,5% eram resistentes a cefaloridina e carbenicilina, respectivamente, en-
quanto as amostras de L. amalonatica mostraram percentuais de resisténcia de 100% e
58% as duas drogas.

Summary

Susceptibility of Citrobacter diversus (Levinea malonatica) and Levinea amalonatica to an-
timicrobial agents

In vitro susceptibility tests to antimicrobial agents were performed with 70 strains of related
microorganisms, represented by the 55 strains of Citrobacter diversus, 12 of Levinea ama-
lonatica and three of intermediate behavior. The strains were isolated from human patholo-
gical materials including urine and stool specimens, tracheobronchial and nasal secretions,
seminal fluid, surgical wound discharges and blood. In all cases, the strains were resistant
to penicillin and most of its derivatives (oxacillin, cloxacillin, nafcillin and ampicillin}. On the
other hand, sensitivity was observed above the level of 90 percent of the culture to chio-
ramphenicol, kanamycin, gentamicin, nitrofurantoin and the association trimetoprim-sulfa-
metoxazole. Variable results were obtained in relation with neomycin, streptomycin and
sulfonamide derivatives (sulfadiazine and sulfisoxazol) but there was no difference between
the two species. The resistance of C. diversus to cephaloridine and carbenicillin reached
63.6 and 94.5 per cent, respectively, while to L. amalonatica obtained to both antibiotics
were 100,0 and 58,0 per cent, respectively.

Introdugéo

O poder patogénico de Citrobacter diversus
(Levinea malonatica) e Levinea amalonatica,
embora discutivel, tem sido posto em evidéncia
através do isolamento destas bactérias em va-
rias patologias humanas. Estas bactérias, & se-
melhanca de Citrobacter freundii, parecem ca-
pazes de causar doencas, especialmente no
hospedeiro debilitado ou em pacientes de idade

avancada mas, de um modo geral, t&m sido iso-
ladas, com maior freqliéncia, como comensais
ou saprdfitas (5, 11, 14, 15, 19). Entretanto, al-
guns relatos mencionam seu isolamento como
unico organismo infectante ou como invasor
secundéario em uma série de infeccdes que in-
cluem os tratos urinario, digestivo e respiratdrio
(2,7, 11, 15, 16, 23, 26). Casos de meningite,
as vezes fatais, foram descritos em recém-nas-
cidos (6, 8, 9, 12, 22).

* Trabalho realizado no Instituto de Microbiologia da UFRJ, com auxilio financeiro do CNPq, CEPG, EMBRAPA e FINEP.
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Com fregliéncia variada tem sido citado, ain-
da o isolamento destes microrganismos em ca-
sos de otite, sinusite, feridas infectadas, ulce-
ra corneal, colecistite, conjuntivite, em liquor,
escarro, pus, sangue, secrecdo vaginal e de ali-
mentos relacionados a casos de diarréia (1, 2,
6, 7, 13, 15, 16, 17, 19, 20, 24, 25).

Pela crescente importancia clinica destes mi-
crorganismos, seu comportamento frente aos
quimioterapicos tem sido objeto de estudo por
parte de alguns pesquisadores. Talbot & col.
(21) descreveram que as amostras por eles es-
tudadas eram resistentes a penicilina e sensi-
veis a aureomicina e tetraciclina, mostrando
sensibilidade varidvel a cloranfenicol, estrepto-
micina e sulfonamidas. Slifkin & Engwal (18},
Washington & col. (25), Booth & McDonald
(5), Gross & col (8}, Gwynn & George (9),
Smith & col. (19) Holmes & col. (10), juif &
col. (12}, Lund & col. (13), Tamborlane & Soto
(22) e Altmann & col. (2), informaram a resis-
téncia & ampicilina, penicilina, cloxacilina, car-
benicilina, nafcilina e sensibilidade a 4cido nali-
dixico, cloranfenicol, neomicina, knamicina,
polimixina B, cefalotina, cefalexina, celafospo-
rina, tetraciclina, gentamicina, colimicina, fura-
dantina, sulfadiazina e sulfisoxazol.

Zechovsky & col. {26) trabalharam com
amostra de L. malonatica e relataram resistén-
cia a cefaloridina, estreptomicina, canamicina e
gentamicina e sensibilidade & cefalexina, nibiol
e furantoina.

Em 1974 Holmes & col. sugeriram que os tes-
tes de sensibilidade a cefaloridina e carbenicili-
na seriam Uteis na diferenciacdo entre C. freun-
dii e Citrobacter koseri. O exame de 99 amos-
tras de C. freundii revelou 79% de resisténcia a
cefaloridina e sensibilidade a carbenicilina en-
quanto 96% de 45 amostras de C. koseri (in-
cluindo C. diversus, L. malonatica e L. amalo-
natica) eram sensiveis a cefaloridina e resisten-
tes a carbenicilina.

Este estudo visa a determinacéo dos padrdes
de sensibilidade a quimioterépicos, em 70
amostras, sendo 55 identificadas como C. di-
versus e 12 como L. amalonatica. Trés amos-
tras revelaram-se com comportamento bioqui-
mico intermedidric entre estas espécies, mas
relacionaram-se antigenicamente a C. diversus.

Material e Métodos

As 70 amostras utilizadas foram isoladas de
material clinico humano, em laboratdrio clinico
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particular, na cidade do Rio de Janeiro. Destas,
43 amostras foram isoladas de urina, 12 de fe-
zes, quatro de secrecdo traqueobrdénquica,
uma de incisdo cirdrgica, uma de sangue, uma
de fossa nasal e uma de liquido seminal. No se
obteve informac8es sobre a fonte de isolamen-
to de sete amostras.

Os testes de sensibilidade foram realizados
segundo a técnica de Bauer & col. (3), utilizan-
do-se discos impregnados de quimioterapicos
{DIFCO) e meio de Mdller-Hinton (Merck).

Resultados

O resultado dos testes de sensibilidade aos
quimioterapicos estd mostrado na Tabela 1.

Todas as amostras foram resistentes a peni-
cilina, oxacilina, cloxacilina e nafcilina. Apenas
duas amostras de L. amalonatica mostraram-se
sensiveis a ampicilina.

Os testes revelaram que mais de 90% das
amostras foram sensiveis a cloranfenicol, gen-
tamicina, nitrofurantoina, sulfametoxazol-tri-
metoprim e canamicina; com relacdo a dltima
droga, apenas 83,3% das amostras de L. ama-
lonatica mostraram-se sensiveis.

Os resultados obtidos com relagdo a neomici-
na, estreptomicina, sulfadiazina, sulfisoxazol
cefaloridina e carbenicilina foram varidveis, tan-
to em relacdo ao grau de sensibilidade, quanto
a diferencas de comportamento entre as duas
espécies. "

As amostras classificadas como intermedia-
rias revelaram comportamento similar ao de C.
diversus.

Discussao

Os resultados encontrados neste trabalho,
com pequenas variagdes, estdo de acordo com
os obtidos pela maioria dos autores que se ocu-
param do assunto. Foram diferentes, em rela-
¢do ao cloranfenicol, dos resultados encontra-
dos por Talbot & col. (21). Com referéncia aos
testes de sensibilidade a penicilina e seus deri-
vados (oxicilina, cloxacilina, nafcilina e ampicili-
na), os resultados foram idénticos aos encon-
trados por Slifkin & Engwall (18), Washington
& col. (25), Booth & McDonald (5), Gross &
col. (8), Gwynn & George (9), Smith & col.
{19), Hoimes & col. (10}, Juif & col. (12), Lund
& col. (13}, Tamborlane & Soto (22} e Altmann
& col. (2).
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Tabela1 — Comportamento, frente a quimioterapicos, de 55 amostras de Citrobacter diversus, 12 de Levinea
amalonatica e 3 amostras de comportamento bioquimico intermediario entre as duas espécies

Quimioterapicos C. diversus Intermediarias L. amalonatica
S* %*** R** %* | 5 % R % S % R %
Penicilina 0 - 55 100,0 0 — 3 100,0 0 - 12 100,0
Ampicilina 0o - 55 100,0 0 — 3 100,0 2 16,7 10 833
Oxacilina 0o - 55 100,0 0 — 3 100,0 0 — 12 100,0
Cloxacilina 0 - 55 100,0 0 — 3 100,0 0 — 12 100,0
Nafcilina 0 - 55 100,0 0 — 3 100,0 0 — 12 100,0
Carbenicilina 3 54 52 946 0 — 3 100,0 5 4,7 7 583
. Cefaloridina 20 364 35 63,6 1 333 2 66,7 0 — 12 100,0
Nitrofurantoina 55 100,0 O — 3 1000 0 — 1M 9,7 1 8,3
Sulfadiazina 36 654 19 34,6 3 1000 © — 5 41,7 7 586
Sulfisoxozol. 45 81,8 10 18,2 3 1000 0 - 5 417 7 583
Sulfametoxazol- 52 94,6 3 5,4 3 100,0 0O — 12 100,0 O —
Trimetoprim )
Estreptomicina 47 854 8 146 3 1000 O — 7 583 5 417
Neomicina 49 891 6 109 2 66,7 1 333 10 833 2 16,7
Canamicina 51 92,7 4 7.3 3 1000 © — 0 833 2 16,7
Gentamicina 54 98,2 1 1,8 3 1000 0 — 12- 1000 ¢ -
Cloranfenicol 53 96,4 2 3,6 3 1000 O - 1 91,7 1 8,3

*S — sensibilidade
**R — resisténcia

*E %

— porcentagem

Os testes de sensibilidade as demais drogas
incentivaram resultados em concordancia ou
com pequenas variacdes, quando comparados
aos dos autores citados.

A resisténcia a carbenicilina, de amostras de
C. diversus, foi comparavel aos resultados obti-
dos por Smith & col. {19), Lund & col. {13} e
Madrazo & col. (15 e 16). Foram observadas di-
ferencas de comportamento entre as amostras
de C. diversus e L. amalonatica quando testa-
das frente a cefaloridina e carbenicilina, como
j& havia sido notado, anteriormente, entre C.
freundii e C. koseri, por Holmes & col. {10) e
neste sentido, as amostras de C. diversus com-
portaram-se de modo semelhante as de C. ko-
seri, enquanto o comportamento de L. amalo-
natica foi similar ao das amostras de C. freundii
estudadas por aqueles autores. Estas observa-
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Summary

Nicotinamide adenine dinucleotide phosphate-dependent glucose-6-phosphate dehydroge-
nase (EC 1.1.1.49) from Polyporus circinatus was purified to a homogeneous form. The
molecular weight of purified enzyme was estimated to be 120.000 by sodium dodecylsulfa-
te-urea polyacrylamide gel electrophoresis. Kinetic studies of the reaction were made at
pH 8.2. The apparent Michaelis constants for NADP and G6P are 42,9uM and 258uM, res-
pectively. The G6P dehydrogenase activity was competitively inhibited by NADPH with
respect to both NADP and G6P. These data are consistent with a rapid equilibrium random
mechanism. The G6P dehydrogenase activity was inhibited by ADP and ATP in a competi-
tive manner with respect to G6P and NADP. The apparent Ki values for ADP were 8,6mM
(NADP) and 7,0mM (G6P) and for ATP were 7,6mM (NADP) and 5,2mM (G6P).

Resumo

Furificacdo e estudos cinéticos da glucose 6 fosfato desidrogenase de Polyporus circinatus

A glucose 6 fosfato desidrogenase (EC 1.1.1.49) dependente de nicotinamida adenina dinu-
cleotideos fosfato (NADP) foi purificada em forma homogénea a partir de Polyporus circi-
natus. O peso molecular da enzina purificada foi de 120.000, quando determinado por ele-
troforese em gel de poliacrilamida, em presenca de sodium dodecil sulfato. Os estudos ci-
néticos da reacdo entre NADP e glucose 6 fosfato (GBP), catalisada pela enzima, foram
realizados a pH 8,2. A constante de Michaelis, aparente para o NADP e a G6P, foi de
42,9uM e 258uM respectivamente. A atividade da G6P desidrogenase foi inibida, competiti-
vamente, por NADPH, em relacdo ao NADP e & G6P. Estes dados estdo de acordo com um
mecanismo de rdpido equilibrio randomizado. A atividade da G6P desidrogenase foi inibida
por ADP e ATP, de maneira competitiva, com relacéio 4 GBP e NADP. Os valores da cons-
tante da inibic&o (Ki}-para o ADP foram 8,6mM (NADP) e 7,0mM (G6P) e para o ATP foram
7,6mM {NADP) e 15,2mM (G6P).

Introduction

Glucose-6-phosphate dehydrogenase (EC
1.1.1.49) is the first enzymes of the pentose
phosphate pathway and in several organisms
has been shown to be regulated by reduced ni-
cotinamide adenine dinucleotide phosphate
{(NADPH), adenosine 5 diphosphate (ADP)
and adenosine 5  triphosphate (ATP) (1, 2, 6,
10, 12). However, no effect of ATP was obser-
ved in the enzyme isolated from Penicillium (3)
and the kinetic analysis of that enzyme seems

to suggest a different mechanism compared to
the others studied (14).

In previous work an unstable nicotinamide
adenine dinucleotide’ phosphate-dependent
glucose-6-phosphate dehydrogenase from the
mold Polyporus circinatus Fries was partially
purified and some of its properties studied (7).
In the present work we performed a kinetic
analysis of the effect of NADPH, ADP and ATP
on a homogenous and stable preparation of
glucose-6-phosphate dehydrogenase, in order
to provide information about the mechanism
reaction.

* Departamento de Bioquimica da Universidade Federal do Parana, Caixa Postal 939, 80000, Curitiba, Parana, Brasil.
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Material and Methods

Growth of cells and preparation of the enzyme:
Polyporus circinatus supplied by D. Amaral was
grown as described by Markus (15) with 0.5%
glucose as the sole carbon source. The mycelia
were harvested by filtration after 24 hours of
growth, washed with distilled water and kept
frozen (-20°).

Frozen mycelia (48g) were ground with 20g
of acid washed sea sand and suspended in
144ml of 0.1M Tris (hydroxymethylaminome-
thane) hydrochioride buffer, pH 8.2, containing
1mM mercaptoethanol and TmM ethylenedia-
mine tetracetate (EDTA). The suspension was
centrifuged at 12.000g for 15 minutes and the
supernatant was used as enzyme source. A
protamine solution (2%) was added to the cru-
de extract (160ml) to a final concentration of
0.15mg/ml of protein, and the mixture was
centrifuged at 12.000g for 15 minutes. The pro-
tamine-treated solution (160ml) was mixed with
wet diethylaminoethyl (DEAE) cellulose, pre-
viously equilibrated with 0.05M Tris-hydrochlo-
ride buffer, pH 8.2, in the proportion of 10g (dry
weight) of DEAE cellulose per 720mg of pro-
tein. The suspension was filtered and 80% of
enzyme remained in the filtrate. The filtrate ob-
tained from DEAE cellulose treatment was ad-
justed to 60% saturation with solid ammonium
sulfate and centrifuged at 12.000g for 15 minu-
tes. The supernatant solution was discarded
and the pellet was dissolved in 4ml of 0.1M
Tris-hydrochloride buffer, pH 8.2, and then
dialyzed for 5 hours against 0.05M Tris-hydro-
chloride buffer containing ImM EDTA (pH 8.2).
The dialysate was applied on a DEAE cellulose
column previously equilibrated with the dyaly-
sis buffer. The enzyme was then eluted with a
gradient of O to 0.5M NaCl made with the same
equilibration buffer at a flow rate of 0.26ml/
min. Fractions (4ml) were collected and analy-
sed for glucose B6-phosphate dehydrogenase
(G6P dehydrogenase) activity and the fractions
containing the activity were pooled and
brought to 60% saturation of ammonium sulfa-
te. Following centrifugation, the pellet was so-
lubilized in 2.5ml of 0.1M Tris-hydrochloride
buffer, pH 8.2, containing 30% saturated am-
monium sulfate and stored at ~10°. All proce-~
dures described were performed at 0-4°.

G6P dehydrogenase assay — The standard as-
say mixture (1ml) contained 50umoles of so-
dium glucose-6-phosphate (G6P) 0.5umoles of
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nicotinamide adenine dinucleotide phosphate
(NADP) and the enzyme. The reaction was ini-
tiated by the addition of enzyme and the rate of
NADP reduction was followed at 340nm in a
D.U. 2 Beckman recording spectrophotometer.
One unit of enzyme is defined as the amount
that catalyses the reduction of 1lumol of NADP
per minute at 26°. Specific activity is defined as
units per milligram of protein. The molar extinc-
tion coefficient for NADPH was taken 6.22 x
10°M-"cm~ (8).

Kinetics — G6P dehydrogenase preparation
used in the kinetic experiments had a specific
activity of 23 units/mg protein. Initial rate mea-
surements were made at the optimum pH 8.2
(7} and the results are the average of 4 experi-
ments.

Analytical methods — Protein concentration
was determined by the method of Lowry (13)
using serum albumin as standard. Chioride was
determined by the method of Schales (17}. Pol-
yacrylamide disc gel electrophoresis and mole-
cular weight determination were carried out as
previously described (5).

Source of materials — ADP, ATP, NADP,
NADPH, glucose-6-phosphate sodium salt, we-
re purchased from Sigma Chemical Co. Lactate *
dehydrogenase, alkaline phosphate, carboxy-
peptidase A, gamma globulin, ovalbumin and
myoglogin were obtained from Worthington
Biochemical Corp. Coomassie brilliant biue,
cytochrome ¢ (from horse), bovine serum albu-
min (crystaliized three times) were obtained
from Sigma Chemical Co.

Results

Purification of the enzyme — Typical results of
the purification procedure are shown in Table
1. Fig. 1 shows the DEAE cellulose column elu-
tion pattern of the G6P dehydrogenase from
Polyporus circinatus. The purified enzyme re-
tained full activity for at least one month when
stored at —10°.

Homogeneity and molecular weight — The fi-
nal preparation gave a single band in polyacry-
lamide disc gel electrophoresis at two different

pH values (7.6 and 9.0) even at 200 u g protein

per gel disc. When submitted to polyacrylamide
gel electrophoresis in the presence of 1% so-
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Table 1 — Purification of G6P dehydrogenase from Polyporus circinatus

Fraction Total volume Units/ml Protein Sp. Activ.. Recovery
ml mg/ml U/mg/protein %
Cell extract 160 1.60 14.5 0.110 —
Protamine sulfate supernatant 160 1.60 9.8 0.163 100
DEAE celluiose 160 1.28 45 0.284 80
Ammonium sulfate 0-609 sat. 5 38.0 9.0 6.22 74
DEAE cellulose column 25 46.0 2.0 23.00 45

Figure 1 — Elution profile of glucose 6 phosphate dehydrogenase from DEAE-cellulose column.
o—o protein; =—MGEP dehydrogenase activity; #—eNaCl concentration
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dium dodecylsulfhate and 6M urea, only one
band of protein was detected on the gels and
the molecular weight was estimated at 120.000
(Fig. 2).

Kinetic studies — The double reciprocal plots
_of initial velocity studies are linear and they in-
tersect at the left of 1/v axis (Fig. 3A, B). Ac-
cording to Cleland (4) this indicates that the
substrates G6P and NADP must bind to the

VOLUME

{(ml)

enzyme before any product is released. The Mi-
chaelis constant values obtained are 42.9 u M
for NADP and 258 u M for G6P.

Product inhibition studies — To distinguish bet-
ween an ordered and a random mechanism,
studies of inhibition by NADPH were carried
out with NADP and G6P as the variable subs-
trates. NADPH show competitive inhibition for
both substrates (Fig. 4A, B).
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Figure 2 — Determination of molecular weight from eletro-
phoretic mobility on sodium dodecyisulphate urea pol-
yacrylamide gel disc

E = enzyme {G6P dehydrogenase from P. circinatus)
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Figure 3A — Initial velocity studies: A — NADP as variable
substrate. The glucose 6 phosphate concentration were:
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Figure 3B — Initial velocity studies. G6P as variable subs-
trate. The NADP concentrations were: 1 = 0.2mM 2 =
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Figure 4A — Inhibition of glucose 8-phosphate dehydroge-
nase by NADPH. G6P concentration was 2mM
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Figure 4B — Inhibition of glucose 6-phosphate dehydroge-
nase by NAPDH. NADP concentration was 0.2mM
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Inhibition by ADP.and ATP — Fig. bA, B shows
that the inhibition by ADP was competitive with
respect to NADP and G6P. The inhibition cons-
tants obtained from the linear replot of slopes
versus the inhibitor concentration was 8.6mM
and 7.0mM for NADP and G6P respectively.

Figure BA — Inhibition of glucose 6-phosphate dehydroge-
nase by ADP. NADP concentration was 0.3mM
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Figure 5B — Inhibition of glucose 6-phosphate dehydroge-
nase by ADP. G6P concentration was 2mM
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The inhibition by ATP with respect to NADP and
G6P was also competitive (Fig. 6A, B). The se-
condary plots give a straight line when the sio-
pes are plotted versus ATP concentration. The
inhibition constants are 7.6mM when NADP
was the variable substrate and 5.2mM when
G6P was the variable one. 5mM Mg** has no
effect on the inhibition by adenine nucleotides.

Figure 6A — Inhibition of glucose 6-phosphate dehydroge-
nase by ATP. NADP concentration was 0.3mM
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Figure 6B — Inhibition of glucose 6-phosphate dehydroge-
nase by ATP. G6P concentration was 2mM
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Discussion

The procedure described for the isolation of
glucose phosphate dehydrogenase from, Poly-
porus circinatus gave an overall purification of
209 fold in relation to the centrifuged extract.
There was no evidence of the presence of more
than one protein in the electrophoresis on pol-
yacrylamide gel. The result from sodium dode-
cylsulfate-urea polyacrylamide gel electropho-
resis suggests that the G6P dehydrogenase
from Polyporus circinatus is similar to that iso-
lated from Penicillium (14) and distinct of glu-
cose 6 phosphate dehydrogenase of other or-
ganisms which are commonly oligomers com-
posed of peptide chains of 60.000 daltons (2).
The reaction catalyzed by most of G6P dehy-
drogenase obeys an ordered sequential mecha-
nism with NADP binding before G6P and
NADPH released last (18, 16, 11). In any case
the reverse reaction could not be determined
since the 6 phosphogluconolactone is highly
unstable in aqueous solution {9). However the
only kinetic analysis performed with a G6P
dehydrogenase isolated from mold {14) indica-
ted that a different mechanism could be opera-
tive. In the present case the competitive pattern
of inhibition by NADPH is consistent with a ra-
pid equilibrium random mechanism, similar to
that observed with the Penicillium enzyme (14).

The competitive nature of inhibition by ADP
and ATP observed with respect to G6P and
NADP may be explained as an interaction of
the nucleotide with free or binary complex
forms of the enzyme. It seems that the inhibitor
binds reversibly to an alternative site modifying
the interaction of substrate and coenzyme.

The high Ki values for ADP and ATP suggest
that the NADPH may be the most important
physiological inhibitor of the enzyme ‘although
less effective than for the enzyme from Penicil-
lium (3).
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Escherichia coli enterotoxigénica
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Resumo

Coproculturas e exames parasitologicos foram realizados em 72 lactentes, escolhidos ao
acaso, de um bairro pobre de Manaus-Amazonas. Isolou-se 12 amostras de E. colf entero-
patogénica, uma de Shigella sonnei, duas de Salmonella sp. e verificou-se a ocorréncia de
sete casos com Giardia lamblia. Trezentas e sessenta cepas de £. coli foram submetidas
aos testes para verificaclio da producéio de enterotoxina LT € ST. Demonstrou-se a ocor-
réncia de dois casos de portadores de £. coli enterotoxigénica sendo que, em um dos
casos, as cepas isoladas foram capazes de produzir ambas as enterotoxinas e, no outro, so-
mente enterotoxina ST.

Summary

Enterotoxigenic Escherichia coli isolated from infants in Manaus, Amazonas

The feces of 72 infants from households ramdomly selected in a poor district of Manaus,
were subjected to parasitological and bacteriological examinations. Twelve enteropatoge-
nic Escherichia coli, two Salmonella sp., one Shigella sonnej and seven Giardia lamblia we-
re identified. Three hundred and sixty strains of £. coli were tested for production of ST
and LT enterotoxin. Two asymptomatic carriers of enterotoxigenic £, coli were identified,
one of which carried enterotoxigenic £. cofi capable of producing both LT and ST enteroto-

xin, while the other carried enterotoxigenic E. cofi capable of producing only ST.

Introducéo

A importéncia da diarréia infantil, como cau-
sa de morte, tem sido muito enfatizada por nu-
merosos autores (11). Nos trépicos, as doencas
diarréicas contribuem para a maior parte dos
6bitos, das elevadas taxas de mortalidade in-
fantil. Em Manaus, no ano de 1975, o nimero
de ébitos causados por enterites e outras doen-
cas diarréicas foi aproximadamente duas vezes
maior do que aquele causado pelas demais
doencas infecciosas e parasitarias (5).

A etiologia das diarréias agudas vem sendo
estudada desde o comeco do século. Nos anos

Tropicais, Manaus.

50, as atengGes foram voltadas para Escheri-
chia coli, estabelecendo-se que alguns soroti-
pos séo capazes de causar diarréia em criancas
até dois anos de idade. No fim da década de 60,
os conhecimentos sobre £. coli, como agente
enteropatogénico, estavam ainda limitados a
poucos sorotipos rigidamente estabelecidos
mas escassamente entendidos, no gue se refe-
re a0 mecanismo de patogenicidade.

Nos ultimos 10 anos, novos e importantes es-
tudos mostraram que £. coli é-capaz de provo-
car diarréia, entre outros mecanismos, pela
producdo de duas toxinas. A primeira, a entero-
toxina termo-labil (LT) apresenta o mesmo me-

Financiada pelo Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico (CNPg).
Departamento de Doencas Gastrointestinais do Instituto Nacional de Pesquisas da Amazdnia, Manaus.
Departamento de Alimentacdo e Nutricdo do Instituto Nacional de Pesquisas da Amazénia e Hospital de Moléstias

**¥* Departamento de Alimentacio e Nutric3o do. Instituto Nacional de Pesquisas da Amazénia, Manaus.
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canismo de acdo da enterotoxina colérica ou
seja, atua ativando a enzima adenil-ciclase, oue
desdobra ATP em AMP ciclico (14); a segunda,
a enterotoxina termo-estavel (ST), parece atuar
no sistema de ciclizacdo do GMP (Richard L.
Guerrant, comunicacio pessoal}.

E. coli enterotoxigénica foi encontrada no
México (2), Bangladesh (16), Estados Unidos
da América (10), Java Central (17) e india (13).
No Brasil foi isolada pela primeira vez, por Giu-
gliano (6), em S&o Paulo e por Guerrant (9}, em
Floriandpolis, SC. Recentemente, Simdes &
col. {20) e Serafim (18) relataram a ocorréncia
de E. coli enterotoxigénica, em S&o Paulo, tan-
to de origem humana como animal.

Este trabalho complementa publicacdes an-
teriores (7, 19) e foi realizado com o intuito de
estudar a etiologia das doencgas diarréicas em
criancas de 0 a 1 ano de idade, de um bairro de
Manaus e verificar a ocorréncia de cepas de E.
coli enterotoxigénica na populac¢do.

Material e Métodos

As amostras de E. co/i foram isoladas de co-
proculturas de criancas de 0 a 1 ano de idade.
As fezes foram coletadas mediante visita as ca-
sas das criancas, residentes em um bairro po-
bre de Manaus, Amazonas. As maes ou res-
ponsaveis eram inquiridas sobre o comporta-
mento intestinal da crianca no momento da vi-
sita e recebiam um frasco contendo solucio
conservadora de fezes (Clurman) e eram tam-
bém instruidas sobre o procedimento da coleta
de fezes. No prazo maximo de 24 hcras, o ma-
terial era conduzido ao laboratério para o exa-
me bacterioldgico, segundo os métodos reco-
mendados por Edwards & Ewing (3).

As coproculturas eram examinadas quanto a
presenca de espécimes de Shigella, Salmonella
e E. coli enteropatogénica. Pelo menos cinco
coldnias de E. coli, apos identificacdo por pro-
vas bioquimicas e soroldgicas, eram estocadas
em agar inclinado, até o momento da verifica-
cdo da capacidade em produzir enterotoxina
ST e LT. Os soros OB foram adquiridos da Difco
Laboratories e os testes para deteccdo de ente-
rotoxina ST foram realizados utilizando-se a
inoculacdo intragéstrica em camundongos re-
cém-nascidos, segundo o método recomenda-
do por Dean & col. (1).

As amostras de E. coli, que apresentaram a
relacdo peso dos intestinos/peso dos corpos
(P1/PC) entre 0,07 e 0,09, foram submetidas a
novos testes, para confirmac¢do dos resultados.
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A produc8o de enterotoxina LT foi verificada
pelo método recomendado por Guerrant & col.
{8), com cultura de células de ovério de hams-
ter chinés (CHO).

As amostras de E. coli, isoladas de um mes-
mo caso, foram semeadas conjuntamente em
4mi de Trypticase Soy Broth (Difco) com 0,6%
de extrato de levedura, em tubos de ensaio e in-
cubados a 37°C por 48 horas, com agitacdo
constante. As culturas foram, em seguida, cen-
trifugadas a aproximadamente 4.000r.p.m. por
40 minutos e o sobrenadante filtrado em Milli-
pore 0,45 micra (Millipore Bedfore Corpora-
tion). Vinte microlitros do sobrenadante estéril
foram utilizados na inoculacdo das células
CHO.

As células CHO foram fornecidas por Dr. Ri-
chard L. Guerrant, do Departamento de Medi-
cina da Universidade de Virginia, USA e foram
mantidas em F-10 Ham Medium (Difco}, suple-
mentado com 10% de soro fetal bovino (Difco),
100U por ml de penicilina G potassica e 100mcg/
ml de estreptomicina. .

Para a realizacdo do teste, as células de um
frasco de aproximadamente 30cm? de superfi-
cie foram tripsinisadas e 0,25ml desta suspen-
s8o foram colocados em 24,75ml de F-10 com
1% de soro fetal bovino e antibidticos. Desta
Glitima suspens&d, 0,25ml foram colocados em
cada uma das 96 camaras do ‘‘microliter tissue-
culture plate” (Cooke Laboratory Products,
Alexandria, Virginia) e em seguida adicionados
os 20 microlitros dos sobrenadantes, estéreis,
das culturas de E. coli.

Amostras de fezes foram também coletadas
para exame parasitoldgico, segundo o método
da centrifugo-flutuacdo, recomendado por
Faust (4), para verificacdo de parasitas poten-
cialmente causadores de disturbios diarréicos.

Resultados

Foram estudadas 72 criancas, das quais 25
(34,7%) apresentavam diarréia no momento da
coleta (referida pela made ou responsavel) e 47
(65,3%) ndo mostrava sintomatologia gastroin-
testinal.

Vinte e uma (84%) das 28 criancas diarréicas
e 28 (59,5%) das 47 criangcas normais tinham
relato de diarréias anteriores ao do momento da
visita.

Pelos exames parasitolégicos e coprocultu-
ras, foram determinados os provaveis agentes
etiologicos em 36% das diarréias estudadas.
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Nas fezes das criancas normais, foram encon-
trados patdgenos em 27,6% dos casos (Tabela
1).

Tabela 1 — Patdgenos encontrados nos exames parasito-
|6gicos e bacterioldgicos de fezes de criangas diarréicas e
normais

Patégenos

Estado das

criancas Bactérias Parasitas

coli 026

coli 086

. coli 0111

. coli 0118

. coli 0126 (2)*
higella sonnei

Diarréico (25)* Giardia lamblia (2)*

Lmmmmm

Salmonella sp (2)}*
. coli 086 (2)*
coli 0111

coli 0126

coli 0127

. coli 0128

Normal (47)* Giardia lamblia (5)*

mMmMmmm

* N° de casos

De 360 cepas de E£. coli, examinadas quanto
a producdo de enterotoxina ST e LT, cinco ce-
pas isoladas de dois casos de fezes normais
apresentaram a relacdo Pl/PC superior a 0,09,
ou seja foram produtoras de enterotoxina ST.
De 14 casos, 29 cepas apresentaram a relacdo
Pi/PC entre 0,07 e 0,09, o que, segundo os au-
tores da metodologia utilizada, podem ser con-
sideradas como cepas suspeitas (Tabela 2).

~Tabela 2 — Resultados dos testes em camundongos re-
cém-nascidos realizados com sobrenadantes de amostras
de E. coli isoladas de criancas diarréicas e normais

PI/PC** > 0,09 |0,09 > PI/PC > 0,07
Criancas
Estudadas | N? de casos | % | N? de casos | %
Diarréicas - — 9 36,0
(25)*
Normais 2 4,2 5 10,6
(47)*
Total 2 2,7 14 19,4
(72)*

* N? de casos
** Relac&o entre o peso dos intestinos e o peso dos corpos

L.G. Giugliano, G.S. Nakagima, R. Giugliano & R. Shrimpton

Em apenas um dos 72 casos estudados foi
constatada a capacidade das cepas de £. coli
em produzir enterotoxina LT. Estas cepas fo-
ram isoladas de uma crianca normal e foram
também capazes de produzir enterotoxina ST.

Discusséao

A determinacg8o dos agentes etioldgicos das
diarréias infecciosas é de grande importancia,
do ponto de vista epidemioldgico, de controle e
tratamento.

Este trabalho mostra a gravidade do proble-
ma das doencas entéricas na regido estudada,
pois 34,7% de criancas, escolhidas ao acaso,
na limitada faixa etaria de 0 a 1 ano de idade,
apresentavam diarréia no momento do estudo e
68% relatavam episddios anteriores da doenca.
Isto se torna mais evidente quando estimamos
que as condi¢cdes de saneamento, abasteci-
mento de 4gua e nivel sécio-econémico das fa-
milias estudadas é semelhante em aproximada-
mente 30% da populacdo de Manaus.

Apesar da alta incidéncia de diarréia na re-
gido, poucos estudos sobre o assunto tém sido
realizados. A ocorréncia de bactérias toxigéni-
cas, na Amazoénia, era, até o presente estudo,
desconhecida. Este trabalho mostra que £. coli
toxigénica pode ser encontrada numa popula-
¢do de lactentes, porém a importancia e a fre-
gléncia de tais germes ndo se mostram clara-
mente, uma vez que as cepas de £. coli toxigé-
nica foram todas isoladas de criancas normais.
Novos estudos sdo necessarios para melhor ca-
racterizacdo.

Vérios autores tém encontrado amostras de
E. coli enterotoxigénica em individuos normais.
Donta & col. (2) encontraram E. coli toxigénica
capaz de produzir enterotoxina LT e ST em
criancas mexicanas normais, porém nenhuma
das cepas foi capaz de produzir somente ente-
rotoxina ST. Em nosso estudo, houve cepas de
E. coli capazes de produzir enterotoxina ST
mas ndo LT. Sack & col. (15) reportaram, pela
primeira vez, amostras de £, coli, de origem hu-
mana, produtoras de enterotoxina ST somente,
porém isoladas de adultos portadores da cha-
mada “‘diarréia dos viajantes’’. Serafim & col.
{(18), em S&o Paulo, e Sack & col. (16}, em
Dacca, também encontraram tais germes, em
casos de diarréia humana. Mas os autores néo
deixam claro se isoladas de adultos ou de crian-
cas.

Segundo Dr. Richard L. Guerrant {comunica-
cdo pessoal), enterotoxina ST tem pouca im-
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portdncia como causa de diarréia em criancas,
pois as amostras sdo encontradas na mesma
proporcdo, em criancas normais e diarréicas.
Ao contrério, tais cepas parecem ser causa im-
portante de diarréias em adultos.

Alta porcentagem (19,4%) de nossas amos-
tras apresentou a relacdo PI/PC entre 0,07 e
0,09, ao contrario do relatado por Donta & col.
(2). Em seus estudos, nenhuma das amostras
mostrou a relacdo P1/PC nos valores menciona-
dos.

As amostras de E. coli produtoras de entero-
toxina LT parecem ser importante causa de
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diarréia, tanto em adultos como em criancas,
apesar de ja terem sido isoladas de individuos
normais (12).
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Pleospora raetica
(loculoascomycetes) in culture*

Elza A. de Luna**
& Jodo S. Furtado***

Summary

A fungus isolated from plant debris and identified as Pleospora raetica Muller grows easily
in Petri dishes with cornmeal agar, potato dextrose agar and V8-agar at 25°C. The lifecycle
is completed within 16 to 20 days, with the ascogenous system appearing in the sixth day.
Vegetative structure is represented by elongated hyphae, with septa either at short or
long distances, multinucleate segments at the early stages, but uni or binucleate later on;
or globose, catenulate cells, multinucleate at first and uni or binucleate afterwards, if pota-
to dextrose agar is used. Nuclear exchange is intensive, as a consequence of abundant
hyphal anastomosis. Pseudothecia are unifoculate ascostromata, predominantly sunken in-
to the agar medium. The ascogenous system reveals croziers and develop into bitunicate,
ovate or obovate asci containing 8 muriform ascospores. Monosporic culture reveals the
homothallic pattern or sexuality. Ascospore germination is precocious and occurs before
the ascospore leaves the ascus. Uncleaved asci may germinated with its contents resem-
bling a single giant ascospore. Asexual spores have not been observed.

Resumo

Pleospora raetica {loculoascomiceto) em cuftivo

Fungo isolado de fragmentos vegetais e identificado como Pleospora raetica Muller cresce
facilmente em placas de Petri contendo agar-fubazinho, batata-dextrose-agar e agar-V8, a
25°C. O ciclo de vida é completado entre 15 a 20 dias, sendo que ja no 6° dia surgem célu-
las do sistema ascégeno, com croziers. As estruturas vegetativas sdo representadas por hi-
fas alongadas, com septos a curta ou longa distancia, formando segmentos multinuclea-
dos, nas primeiras fases, porém uni a binucleados, nos estagios posteriores. Quando bata-
ta-dextrose é utilizado, surgem células globosas, catenuladas, inicialmente multinucleadas,
mas posteriormente uni ou binucleadas. A transferéncia de nicleos € intensa, devido as
abundantes anastomoses hifais. Os pseudotécios sdo ascostromas uniloculares, predomi-
nantemente imersos no meio de agar. Os ascos bitunicados sfo ovados ou subovados,
contendo 8 ascosporos muriformes. Culturas monospdricas revelam tratar-se de espé-
cies homotdlica. A germinac8o dos ascosporos é facil, podendo ocorrer mesmo antes de
serem ejetados do interior do asco. Ascos sem clivagem citoplasmatica, na formacéo dos
ascosporos, podem exibir germinacdo precoce, como se todo o citoplasma constituisse o
Unico, gigante ascosporo. N&o foram observados esporos assexuados.

Introduction

Pleospora raetica Mliller produces pseudo-
thecia containing bitunicate asci. Saprobic on
dead leaves and on plant debris, when in natu-
re, its imperfect stage, as member of the form-
genus Stemphylium, may cause phytopatholo-
gical problems (12, 27). Taxonomically, the
species needs to be better interpreted, since in
the Americas it is still referred to as the Pleos-
pora raetica-Pleospora richtophensis complex
(38). o

Material isolated in Recife, PE, Brazil and sin-
ce then identified as P. raetica was tested on
several media, and routinely studied on three,
to provide data on hyphal growth, pseudothe-
cial development, spore germination, and se-
xual pattern, the latter feature as defined by Ra-
per (23). Ascosporogenesis and centrum diffe-
rentiation had to be postponed due to problems
with techniques to reveal nuclear details.

¥ Part of the MSc thesis of E.A. de Luna, submitted to Universidade Federal Rural de Pernambuco, Recife, PE, Brazil.
** Present address: Departamento de Micologia, Centro de Ciéncias Bioldgicas, UFPE, 50000 Recife, PE, Brazil.
*** Instituto de Boténica, Caixa Postal 4005, 01000 S3o Paulo, SP, Brazil.
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Material and Methods

The fungus was originally isolated from plant
debris, in Recife, PE, Brazil and identified as P.
raetica. Stock cultures are maintained in cot-
ton-plugged test-tubes with potato-dextrose-
agar (PDA), kept in air-conditioned room and
generally transferred every three months. The
sample is filed under number 2350, Departa-
mento de Micologia, Centro de Ciéncias Biold-
gicas, UFPE, Recife, PE.

Preliminary tests were done on PDA, potato-
agar (PA), cornmeal-agar (CMA), potato-car-
rot-thiamine (PCT), Sabouraud {simple and
yeast extract enriched), malt-potato-agar nr. 5
{(MPAB) for both perfect and imperfect forms,
and Campbell’'s V-8 juice-agar (V8-agar). Of
these, PDA, CMA and V8-agar were routinely
used.

The colony is started from an inoculum pla-
ced on the centre of the agar surface in a Petri-
dish, encircled by autoclaved, 1.0cm squares of
dialysis membranes, placed 0.5cm apart from
the inoculum. As the colony grows and surpas-
ses the membranes, the squares are removed
for processing at the following time intervals: 0-
72h, 72h-6 days, 6-9 days, 9-12, 12-15, 15-20,
20-30, and 30-40 days. Alternatively, new mem-
branes are deposited on the agar surface as the
colonized substrates are removed. Or — ins-
tead of using the membrane technique — the
fungus is inoculated on the four edges of an
agar block placed over a glass slide which is
then topped by a coverslip and kept in a Petri-
dish converted into a moist chamber.

Preparations for optical microscopy are
mounted with lactophenol-cotton blue (7), al-
coholic toluidine blue {10} or HCI-Giemsa tech-
nique (9). In the later case, the hydrolysis time
is adjusted to 10min at room temperature and
15min at 60-63°C, whenever aged or thick-wal-
led structures are involved.

For the study of the fruiting stage the same
culture and staining procedures are adopted.
Pseudothecia are handled with sharp needles
and forceps and transferred to a drop of the
mounting media on a glass slide, followed by
teasing apart of the components and place-
ment of a coverslip for examination under the
microscope. When necessary, further pressure
is exerted with the: help of a wooden matchstick
or a pencil eraser.

Sexual pattern is determined from single spo-
re cultures prepared from spore suspension,
plating, monitoring and subsequent transfer of

. Paulo), 9(4), 1978
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germinating spore to pure monosporic growth.
Alternatively, results are achieved from cultures
deriving from spores ejected on the surface of a
clean medium in a Petri-dish base inverted over
a sporulating colony.

For descriptive purpose, the colony formed
in a Petri-dish is characterized into arbitrarily
conventioned regions: (i) the growing or advan-
cing region, which represents the outermost
hyphal elements of the colony border; {ii) the
median region, starting right after the advan-
cing area and extending towards the neigh-
bourhood of the colony centre; {iii) the adjacent
region, formed by the mycelium surrounding
the inoculum; and (iv) the inoculum properly.

Results

An inoculum placed on the centre of a Petri-
dish grows to form a circular colony that covers
the entire surface of the agar medium within 40
days. If on PDA, the color is dark-green or
black, whereas on CMA or V8-agar it is light-
brown or dark-brown. As the hyphae grow and
sink into the agar medium, the use of membra-
ne support makes the observation easier.

The hyphae in the growing margin are predo-
minantly hyaline, monopodial or dichotomous,
coexisting with shorter elements that result
from septation at closer distances. Their nume-
rous nuclei per cell (Fig. 1) show either com-

Figure 1 — Growing' region; vegetative mycelium with pre-
valence of monopodial, elongate hyphae. 72h growth on,
PDA with dialysis membrane. HCIl-Giemsa staining. 120x
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pacted or granulous chromatinic material. This
aspect persists during colonial growth.

The medium region shows greater cell diver-
sity. When on CMA or V8-agar, the hyphae are
formed by short-elongate segments, mulitinu-
cleate at first 72h and simultaneously changing
to anastomosed, uni or binucleate cells (Fig. 2).

Figure 2 — Median region; multinucleate anastomosing
cells with one migrating nucleus (arrow). 72h growth on
CMA with dialysis membrane. HCI-Giemsa staining. 1750x

If PDA is employed, globose, often catenulate
cells prevail, multinucleate at first, and progres-
sively converted into short-elongate, uni or bi-
nucleate elements after six days (Fig. 3). When

Figure 3 — Median region; globose segments resulting
from septation at short distances. 72h growth on PDA with
dialysis membrane. HCI-Giemsa staining. 270x

E.A. de Luna & J.S. Furtado

growing over the dialysis membrane, the globo-
se cells produce hyaline, filiform outgrowths
composed of 1-3 uninucleate cells (Fig. 4) after
six days.

Figure 4 — Median region; globose cells with short-septate
filiform branches. 6 days growth on PDA dialysis membra-
ne. Lactophenol cotton blue staining. 260x

Intensive hyphal anastomosis leads to myce-
flial reticulation (Fig. 5), a feature more promi-
nent towards the inoculum. This region, howe-
ver, soon tends to harden, with the hyphae loo-
sing their identity. After 15 days, the region of
the inoculum shows tufts of hyaline, aerial,
thin-walled hyphae emmerging from the im-
mersed mycelium.

Figure 5 — Median region; vegetative hyphae with abun-
dant branchings and anastomosis (arrow). Cells both multi
or binucleate. 12 days growth on CMA with dialysis mem-
brane. HCI-Giemsa staining. 270x
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Pseudothecia are abundantly produced, im-
mersed into the medium or over the dialysis
membrane, and appear either individually or
grouped. If CMA or V8-agar are used, they may
reach the growing margin while on PDA the
fruiting is restricted up to the median region.
With the help of membrane support, pseudo-
thecia appear as unilocular, usually globose,
100-200um in diam., carbonaceous and heavily
pigmented ascostromata (Fig. 6). When immer-
sed, dehiscence usually occurs through unloca-
lized bursting. If errumptive or on membrane
support, liberation of ascospores takes place
through an ostiole.

Figure 6 — Globose pseudothecium from non-identified're-
gion. 12 days growth on CMA. 600x

The origin of the fruiting structure is not
known with certainty yet, but some ‘structures
and processes deserve special comments. In
spite of the lack of sufficient evidence for se-
xual behavior, the globose cells produced on
PDA and provided with the filiform outgrowths
might be related to pseudothecial origin, due
their morphological similarity to trichogyneous
elements. Nonetheless, neither anastomosis,
nor nuclear transfer are seen; pseudothecia are
produced whether such elements are present or
not; and no evidence of either antheridia or as-
cogonia is available. Other possible structures
involved in pseudothecial origin are represented
by fusion between uni or binucieate globose
cells (Fig. 7); short-pedicelate budding (Fig. 8),
with sequential fusion of adjacent cells {Fig. 9)
followed by knitting of the surrouding hyphae;
or cell division into segments which develop in-
to a multihyphal pattern. However, there is no
cytological evidence, at the chromosomal level,
to support any of those assumption yet.

Figure 7 — Median region. Presumptive pseudothecial ori-
gin (arrow) from cell fusion. 72h growth on CMA with dialy-
sis membrane. HCl-Giemsa. 1640x

Figure 8 — Median region. Cell budding (arrow) suggestive
of pseudothecial differentiation. 9 days growth on CMA
with dialysis membrane. Lactophenol-cotton blue staining.
1620x

Figure 9 — Median region; branching and knitting, as part
of the origin of pseudothecial primordium. 9 days growth
on CMA with dialysis membrane. Lactophenol-cotton blue
staining. 1620x
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Regardless of more precise markers during
pseudothecial development, the following sta-
ges may be discernable: pseudothecial primor-
dium, if the structure lacks either ascogenous
elements or any other component suggestive of
the ascal line; juvenile pseudothecium, if asco-
genous cells are present; and mature pseudo-
thecium, when asci with ascospores are found.

The production of fruiting structures varies
according to the medium used, and there is a
delay in maturation when PDA is compared to
CMA or V8-agar. Pseudothecial primordia ap-
pear within 48h in both adjacent and inoculum
regions; or within 72h in the median area, in
any of the three media employed. Juvenile
pseudothecia are found: after 9-12 days in the
median and adjacent regions, on CMA and V8-
agar; or 15-20 days, on PDA. Mature pseudo-
thecia are seen after 9-12 days in the inoculum,
and 12-15 days in both median and adjacent re-
gions, on CMA and V8-agar; but only 12-15
days in the inoculum and 20-30 days in median
and adjacent regions, if PDA is used. Time in-
tervals are determined in cultures yielded from
the original isolate source, except for the inocu-
lum region which is given by colonies grown
from monoascoporic isolation.

The ascus rosettes are usually composed by
up to 13 bitunicate asci showing the typical
“Jack-in-the-box’" or physoclastic behavior
{Fig. 10}. The eight-spored condition prevails,

Figure 10 — Partial contents of crushed pseudothecium
with asci at distinct differentiation stages, including one
showing the “'Jack-in-the-box”" behavior. 30 days growth
on PDA. 650x

E.A. de Luna & J.S. Furtado

though monoascosporic isolates may show asci
with 2-7 spores. At the pre-elongation stage,
the ovate or obovate asci range within 25-
62x37-95um. During spore liberation the ascal
base measures 116-165um long-by 19-51um wi-
de, and the elongated portion 18-43um long.

The origin and differentiation of both ascus
and ascospore yet remain to be fully investiga-
ted, due to technique limitation. Mature ascos-
pores are oblong or elliptic, 25-36x12-14um,
multicelled and result from 3-6 transversal and
2-4 longitudinal septa, delimitating multinuclea-
te cells (Fig. 10).

Ascospores germinate readily, whether on
agar surface; dialysis membrane, the inner face
of the Petri-dish lid or the test-tube wall. With
spore suspension platings, germination occurs
within 6-24h, through the production of 1-5
germtubes emmerging singly or in pairs from
each ascospore cell (Fig. 11). An emmerging
papilla is soon delimited from the cell by a
cross-septum and the numerous gefmtubes
grow into a multihyphal proliferating system.

Figure 11 — Multicelled, heavily pigmented mature ascos-
pores with numerous nuclei per cell. 15 days growth on
CMA. HCl-Giemsa staining. 170x

Dormancy is practically non-existant, since
spores germinate while still inside the ascus.
Not uncommonly, the ascus cytoplasm shows
a germinating behavior even before cleavage
has led to ascospore differentiation.
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Following germination, there is a liberal
hyphal fusion, leading to nuclear exchange
(Fig. 12) whether the spores have been ejected
or are still inside the asci. The spore-to-spore
follow-up, with monoascosporic cultures indi-
cates that the fungus is homothallic.

During 40 days of observation, asexual spo-
res were not seen.

Figure 12 — Multicellular ascospore germinating through
different cells and exhibiting precocius hyphal anastomo-
sis, involving contiguous germtubes. 40 days growth on
PDA with dialysis membrane. HCI-Giemsa staining. 650x

Discussion

Numerous important aspects of the fruiting
structure had to be postponed due to proble-
matical aspects of technique. Nonetheless, the
analysis of unstained pseudothecium, asci and
ascospores confirms the similarity of the fun-
gus studied to Pleospora raetica, according to
most leading authorities on the group (18, 19,
29, 38).

The results are not aimed at taxonomic impli-
cations, but it appears that the taxon needs to
be yet better established, since in the Americas
it has been included in P. raetica-P. richtophen-
sis complex (38)*. :

During mycelial growth in culture, there is
no morphological differentiation to support the

demarkation of distinct regions. Therefore, the -

recognition of growing, median, adjacent and

* Special thanks are due to Dr. Clark T. Rogerson, The
New York Botanical Garden, N.Y., U.S.A., for com-
ments.

inoculum regions has relative significance and
provides only a convenient though arbitrary
means of description of the spore to pseudo-

- thecium cycle.

During myecelial development, the multinu-
cleate cells become reduced to one or two nu-
clei per segment, a phenomenon that has been
reported for other fungi, as the hyphae age (2).
The nuclei show variable shapes and, among
these, the elongate habit is suggestive of nu-
clear division (20) or migration (1, 13).

Simultaneous with nuclear reduction, the
hyphae undergo an increasing number of cell
anastomosis, with predominance of the H-type
also reported in the literature and for sites whe-
re nuclear transfer occurs (1, 5, 13).

The origin of the fruiting structure has not
been interpreted with certainty, but the follo-
wing presumptive structures and processes
may be evoked; fusion of globose cells, follo-
wed by cell division, expansion and knitting;
cell budding from adjacent segments and knit-
ting; cell division following a multiplan pattern.
Of particular interest, however, are the globo-
se, often catenulate cells produced on PDA.
Such cells, when on supporting membranes
form filiform outgrowths that resemble the
structures called trichogynes found in protope-
rithecia of Neurospora (37) and are related to
pseudothecium formation, though sexual func-
tion has not yet been detected. in Pseudoplea
gaeumanii such elements were not named as
trichogyne, but a similar function was conside-
red (36). In Didymocrea sadasavanii the term
"“trichogyne-like’” was coined and, in spite of
the difficulty to ascertain its trichogyneous
function, the fusion of such structure to myce-
lial hyphae, with possible nuclear migration,
was reported (15). Due to the lack of resolution
at the chromosomal level in early stages of
pseudothecial differentiation, any assurance of
trichogynes in the fungus studied becomes
only presumptive.

The fully development pseudothecia produ-
ced in culture are typical unilocular ascostroma-
ta, characteristic of the bitunicates (4, 18, 21,
22, 25, 30, 39) particulary of Lepstosphaerulina
australis (11).

Ascal structure and behavior during spore li-
beration, as seen under the optical microscopy,
are similar to the bitunicate type (3, 6, 8, 16, 17,
18), which has been partially interpreted at the
ultrastructural level {11, 24). Dehiscence occurs
through the physoclastic or stretch-and-crack
behavior of the wall (11), and ejection of the as-
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Onde se 1&

Summary

Study of hospitals Straphylococcus

In the years 1970-1971; and 1975, it was collected material of infections processes acquired
in a public hospital in Araraquara.

Althought the number of the infections processes was higher, the number of samples .of
Staphylococcus aureus isolated was few. The etiology of the infections proceeded practily
to (Gram negatives bacteria.

In on research, we took in consideration not only the bacterian specie, but beyond the
fagotyping, we made the Antibiogram, the study of Barber & Burston’s patterns, and the
behaviom face to Mercuric ion.

The isolated Staphylococcus showed a hight resistance face to the experimented anti-
biotics. Among the samples collected in 1975, appeared great variations, specially with
regard to Cloranfenicol, and consequently the Barber & Burston’s patterns were altered.
The Mercuric fon test was very important to the characterization of the hospitals samples.
Samples considered dangerous were identifyed, demonstrating that those bacteria, even
in less number, are adapted to the hospital midle, needing rational preventive measures.

Leia-se

Summary
Study of Hospital Staphylococci

During the periods 1970-1971 and 1974-1975 specimens from hospital acquired infections
processes were collected in a General Hospital of Araraquara, SP, Brazil. Although the inci-
dence of these infections had been in the raise, in the last stages of the study only a few
Staphylococci strains were isolated. The etiology of the hospital acquired infections were
then nearly due to Gram-negative bacteria. With regard to the Staphylococci strains, we
took into account not only their phage-types but, in addition, their antibiograms, the Bar-
ber & Burston’s patterns of antibiotic sensitivities and their behavior in the presence of
Mercuric ion. The isolated strains were resistant to the tested antibiotics. Among the
étrains isolated in 1975, great variations of the patterns of resistance to the antibiotics ap-
peared, particularly with regard to chloramphenicol, and, as a result, the frequency of Bar-
ber & Burston's patterns were altered. The mercuric ion test appeared very important for
the recognition of hospital strains. Some strains considered dangerous were identified,
and, although with a prevalence lower than the remainder, appeared well adapted to the
hospital environment demanding rational preventive measures.

* Publicada a pedido dos autores
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