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As infecgBes devidas aos germes anaerdbios s&o muito mais
frequentes do que deixam supor os exames de laboratério.
De fato, estes germes foram mal conhecidos durante muito
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condigdes utilizadas até agora.

Hoje, o sistema BBL oferece simplicidade de trabalho
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em todos os laboratérios pela multiplicidade de aplicacdes
que representam, sejam na clinica, no ensino, na pesquisa
ou na industria.

PRINCIPIO

As jarras GasPak permitem a obtengdo de uma anaerobiose
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Em policarbonato, material transparente, autoclavavel,
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presente na jarra, para formar dgua; cria-se assim uma
atmosfera anaerdbia.
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seriam inibidos na auséncia deste gas. Um indicador
constituido por uma banda de papel de filtro embebida
numa solucéo de azul de metileno, permite controlar
visualmente a anaerobiose.
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Dermatofilose proliferativa dos membros em ovinos no Rio Grande do Sul

J.0. Lopes *, A.T. Londero **, M.A.M. Santiago ** & M.N. Santos ***

Resumo

InspecBes em ovinos criados em campos planos e imidos do Municipio de itaqui, RS, Brasil, revelaram
985 animais (12,6%) em 7.800 portadores de lesdes proliferativas das extremidades dos membros,

causadas por Dermatophilus congolensis.

Summary

Proliferative Dermatophilus infection of the legs in sheeps of Rio Grande do Sul State, Brazil

An outbreak of Dermatophilus infection of the legs or “strawberry foot rot’’ was disclosed in three
sheep flocks. The animals were grazed on plain and humid grasstand of ltaqui County, Rio Grande do
Sul State, Brazil. The disease affected 985 (12,6%). of 7,800 animals, especially the young ones.

Introducao

A dermatofilose é zoonose cosmopolita causada
pelo actinomiceto Dermatophilus congolensis® 3+
A doenca tem sido assinalada em diversas espécies
animais e no homem®. No animal, apresenta-se co-
mo dermatite exsudativa que evolui com formacao
de crostas, compostas por células epidérmicas, e pe-
los ou |& incrustados no exsudato solidificado. Em
ovinos, a doenca apresenta trés formas clinicas: der-
matofilose das partes pilosas da pele; dermatofilose
das partes cobertas de 13 e dermatofilose das extre-
midades dos membros®.

A infeccdo de ovinos por D. congolensis, no Rio
Grande do Sul, vem sendo investigada desde 1967
(dados ndo publicados), mas somente em 1972 foi
observada a forma proliferativa das extremidades
dos membros, agora relatada.

Material e Métodos

A partir de 1967, duas fazendas de criacdo mista
ovino-bovina, nos municipios de Itaqui e Santa Ma-
ria, RS, foram visitadas, no minimo uma vez por
ano, em busca de animais portadores de lesbes cuta-
neas. Quando a dermatofilose era diagnosticada nos
animais de uma fazenda, animais das fazendas vizi-
nhas eram também inspecionados.

Crostas removidas das lesGes foram transportadas
para ‘0 laboratorio em envelopes de papel. Material
raspado da base das crostas foi fixado e corado com
Giemsa para exame microscépico direto. Inoculagoes
feitas em placas de Petri com meio de agar glico-
sado, adicionado de sangue, foram incubados a
37°C, sob anaerobiose, apds tratamento pela técni-
ca de Haalstra*.

Dois animais foram sacrificados, seus membros

*  Secdo de Micologia, Depto. de Patologia, UFSM, Santa Maria, RS, Brasil.
** Secdo de Parasitologia Veterindria, Depto. de Patologia, UF3M, Santa Maria, RS, Brasil.
*** Secdo de Patologia Veterindria, Depto. de Patologia, UFSM, Santa Maria, RS, Brasil.
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amputados e preservados em formol a 10% para es-
tudo anatomo-patoldgico. As preparacdes microsco-
picas foram coradas pelos métodos de Gram-Brown-
-Breen e Hematoxilina-Fosina.

Resultados

Em novembro de 1972, durante uma primavera

excepcionalmente chuvosa (Grafico 1), foram obser-

vados ovinos portadores de lesdes crostosas das ex-
tremidades dos membros. Os animais da raca Corrie-
dale pertenciam a um rebanho criado em campo pla-
no e (mido, localizado no municipio de ltaqui. Ins-
pecdes em fazendas vizinhas demonstraram a exis-
téncia de mais dois rebanhos com animais apresen-
tando lesdes proliferativas das extremidades dos
membros. A observacdo se prolongou de novembro
de 1972 até marco de 1973.

Dos 7.800 animais dos rebanhos inspecionados,
985 (12,6%) apresentavam lesdes proliferativas das
extremidades dos membros, atribuidas a D. congo-
lensis. A doenca foi observada com maior freqiiéncia
em cordeiros com cinco e sete meses de idade, ten-
do sido rara em animais adultos.

400

cao em mm.

Precipita

Clinicamente, a doenga se inicia como pequena
lesdo exsudativa, geralmente localizada na face plan-
tar do boleto. Na pele subjacente, surgem lesdes se-
melhantes que se confluem, cobrindo-se de crostas
estratificadas, elevadas, duras e secas, aglutinando os
pelos e a 18 em matriz formada pelo exsudato solidi-
ficado. As lesBes ocupam pequena drea ou se esten-
dem por toda a face posterior do boleto (Fig. 1).
Quando sdo removidas as crostas que recobrem as
lesbes, observa-se ulceracdo superficial com pontea-
do hemorragico. Este aspecto, lembrando a superfi-
cie do morango, deu origem & denominacio da
doenca, "strawberry foot rot’s.

A localizacdo das lesBes nas extremidades dos
membros ocasiona dificuldade de locomocgio e con-
seqliente perda de peso dos animais. Normalmente,
porém, hd cura espontdnea das lesBes. A infestacdo
secunddria, por larvas de dipteros (mifase), foi acha-
do frequente, ocasionando, as vezes, a morte dos
animais.

Microscopicamente, em preparacGes coradas com
Giemsa, foi observada grande quantidade de filamen-
tos ramificados, de 1 a 6um de didmetro (Fig. 2).
As porcdes mais delgadas dos filamentos (1 a
1,5um) apresentam apenas septacdo transversal, en-

Gréfico 1 — Curva comparativa da precipitacdo pluvial
normal® e a do perfodo 1972-1973. A, época do nascimento
dos cordeiros; £, periodo de observacdo da doenca.

=mwme Precipitacdo normal: média
mensal (Mota & col. 1970)
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i T T T 1] T ) L T
2ok 25 O[O0 ¥ w2 30N
» 8 o @ 3 2 & 9 3 3 g
- g ®w E =T g ® 0 ¢ o
[ 1972 l




Rev. Microbiol. (S. Paulo), 4(1), 1973

quanto as mais espessas (mais de 2um} apresentam
septacdo transversal e longitudinal. Resultantes deste
tipo de crescimento, foram encontrados ainda gru-
pos de células cocdides, dispostas em tétradas ou
grupos de oito, provenientes da desagregacdo das
porgOes mais espessas das hifas.

As culturas obticdas em agar glicosado, adicionado
de sangue, apresentaram o aspecto caracteristico de
D. congolensis e, microscopicamente, repetiam o as-
pecto do actinomiceto visto ao exame direto.

Os cortes histologicos da pele mostraram prolife-
racdo papilomatosa da epiderme, com intensa forma-
cdo- de queratina, paraceratose e restos necrbticos,
recobrindo-a. O derma subjacente exibiu intenso in-
filtrado inflamatdério mononuclear, principalmente
ao redor dos foliculos pilosos, onde se encontram- os
filamentos ramificados e formas cocoides de D. con-
golensis. O infiltrado inflamatério foi encontrado
também ao redor das glandulas sudoriparas e seba-
ceas, observando-se ainda proliferagdes fibro-histioci-
tarias, circundando massas de tecido necrético e
neutrofilos.

Discussdo

No Brasil, a dermatofilose ovina foi relatada nos
Estados de Minas Gerais e Rio Grande do Sul. Além
das diferencas climdticas e ecologicas entre as duas
regiGes, as criacOes de ovinos apresentam também
caracteristicas proprias. Assim, enquanto em Minas
Gerais sdo criados ovinos ‘‘deslanados’’, destinados a
producdo de carne, no Rio Grande do Sul os ani-
mais destinam-se primordialmente & producédo de 4.

Fig. 1 — Aspecto das lesSes proliferativas da dermatofilose
das extremidades dos membros de ovinos.

Fig. 2 — Aspecto fotomicrografico de D. congolensis em
parasitismo. Coloragdo com Giemsa, 63x.

Barbosa & col.? encontraram, em Minas Gerais,
70,1% dos animais de um rebanho infectados por D.
congolensis. As lesGes, de aspecto crostoso, eram
mais freqglientes em animais adultos. Lesdes generali-
zadas foram observadas em 21,2% dos casos, tendo
havido, inclusive, disseminacdo para 0s membros.
Nestes casos, entretanto, as lesBes ndo apresentavam
o aspecto proliferativo, nem permaneciam restritas
as extremidades dos membros.

No Rio Grande do Sul, Londero & col.”, inspe-
cionando 60 carneiros Corriedale, criados no muni-
cipio de ltaqui, encontraram 23,3% dos animais in-
fectados por D. congolensis. As lesGes apresenta-
vam-se como formacdes crostosas, acompanhadas ou
nio de queda de 1. Localizavam-se com maior fre-
qiiéncia na regifo esternal, tendo sido encontradas
também na regido cefélica, ao redor dos botdes cor-
neos. Lesdes generalizadas, das partes cobertas de 18,
ocorrem de forma esporddica. Epizootias desta for-
ma clinica da doenca, afetando 5% dos cordeiros de
dois rebanhos, com 500 e 2.000 animais respectiva-
mente, foram diagnosticadas no municipio de lta-
qui. A dermatofilose das partes pilosas da pele é
achado freqiiente, tendo sido encontrada em 30 a
80% dos animais inspecionados em ambas as regioes
estudadas. As lesdes crostosas, pouco evidentes, lo-
calizavam-se principalmente nas orelhas®.

A forma proliferativa das extremidades dos mem-
bros foi observada, pela primeira vez, em 1972. A
epizootia ocorreu durante um ano excepcionaimente
chuvoso. Os animais afetados pertenciam a rebanhos
criados em campos planos e Umidos e que, na épo-
ca, apresentavam pasto muito desenvolvido. Embora
nio tenha sido observado nenhum caso da doenca
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sob esta forma clinica, no municipio de Santa Ma-
ria, é de se supor que outros casos tenham ocorrido
em outras regioes do Estado, com campos em condi-
cOes semelhantes aos do municipio de ltaqui. Por
outro lado, embora parecendo rara a incidéncia des-

. AUSTWICK,
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Formas L de Staphylococcus aureus isoladas no Rio de Janeiro

L. A. Inglez® M. L.P. Costa® & Elisa Penido™”

Resumo

Treze estirpes de Staphylococcus aureus estudadas apresentaram formas de resisténcia a nove antibioticos.
Os resultados sugerem que a resisténcia a antibioticos ndo é relacionada diretamente as caracter(sticas
morfolégicas e de pigmentagdo nas diversas culturas de S. aureus. Quase todas as culturas evidenciaram
formas grandes, gram-negativas, semelhantes a protoplastos, correlacionéveis as formas L.

Summary

L forms of Staphylococcus aureus isolated in Rio de Janeiro

Resistant forms to nine antibiotics were isolated from 13 strains of Staphylococcus aureus. The inhibition
zones showed a scanty but continuous growth as a bachground to small colonies which eventually
overgrew in these zones. Cells picked out from the background when subcultured in the absence of
antibiotics formed colonies with various morphology and pigmentation. Morphological variations were
also observed with the original strains isolated from patients submitted to drug therapy.

The small colonies were simultaneously resistant to four or five antibiotics. Cells from the background
were more resistant to antibiotics than forms able to revert to normal bacterial morphology. The results
indicate that the antibiotic-resistance loci and the loci responsible for morphological characteristics of
S. aureus are not closely related. Most strains studied showed several gram-negative forms resembling

protoplasts and L-forms.

Introdugdo

A resisténcia de Staphylococcus aureus a varios
antibidticos é, hd muito, sério problema em infeccGes
hospitalares®!!. A resisténcia microbiana a maltiplas
drogas tornou-se intensamente estudada, apos a desco-
berta dos fatores R, em Enterobacteriaceae!>. lgual-
mente, mereceu atencdo a resisténcia das formas L,
em diversas espécies bacterianas, frente a guimio-
terapicos® > °.

O aparecimento de formas resistentes de S. aureus
poderia ser explicado pela transferéncia de epissomos
com loci de resisténcia para mais de um antibiotico™®.

O presente trabalho procura esclarecer aspectos
de resisténcia de S. aureus a antibidticos, em uma
colecdo de amostras isoladas em inquérito epidemio-
lgico no Rio de Janeiro.

Material e Métodos

Foram usadas as estirpes Staphylococcus aureus de

namero 33, 2142, 2200, 2203, 2224, 2285, 2292, .

2301, 3418, 5450, 5845, 6219, 9320, isoladas da
populacdo do Rio de Janeiro, em inquérito epidemio-
l6gico* ™" Foram utilizados os meios comuns, de

+ Bolsista do CNPq, Brasil.

rotina bacteriologica (caldo e agar simples), bem
como o agar fosfatado, sugerido por Suassuna”,
por nds modificado, com a seguinte composicdo por
litro: peptona (Oxoid) 6g, extrato de levedura (Oxoid)
3g, extrato de carne (BBL) 1,bg, glicose (Carlo Erba)
19, K,HPQO, (Carlo Erba) 0,5g, agar (Oxoid) 13g;
pH final ajustado para 7.0, sendo o meio esterilizado
a 120°C, durante 15 minutos. Discos de papel de
filtro foram impregnados com 0,005 m{ de solugdes
de antibidticos por disco. As concentracdes das solu-
cOes originais de antibi6tico e as concentragGes finais
por disco estdo indicadas a seguir:

'A Seleti Conc. da solugdo Conc. por disco
gente Seletivo (mg/m¥) {ug/disco)

Bayrena (Bay) 250 1.250
Furadantina (Fu) 2 10
Rifampicina {Rif) 2 10
Tetraciclina {Tc) 2 10
‘Rifamicina B(B) 5 25
Rifamicina SV.(Sv) 2 10
Gentamicina (Gen) 2 10
Cloranfenicol (Cm) 2 10
Ampicilina (Am) 2 10

=+ Universidade Federal do Rio de Janeiro, 1lha do Fundédo, Rio de Janeiro, GB, Brasil.
#+x Material gentilmente cedido por Dr. I. Suassuna, Faculdade de Ciéncias Médicas, Universidade Estadual da Guanabara,

Rio de Janeiro, GB, Brasil.
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As amostras de S. aureus, mantidas em agar simples,
inclinado, a temperatura ambiente, foram inoculadas
em caldo simples e incubadas a 37°C, por 24 horas.
Destas culturas, aliquotas de 0,2 m{ foram plaqueadas
em meio de agar fosfatado, com espathamento unifor-
memente feito com alca de vidro. A seguir, os discos
de antibidticos foram colocados a distdncia conveni-
ente e as placas incubadas a 37°C, por 24, 48 e
72 horas. Os halos de inibicdo foram observados com
o auxfiio de um estereoscdpio. As coldnias resistentes
e/ou do “‘background’’ foram entdo repicadas para
caldo simples.

Resuitados

Escolha de meios e cepas — Para a escolha das cepas
gue demonstrassem maior n(mero de coldnias resis-
tentes nos halos de inibicdo, foram feitos antibio-
gramas das 13 estirpes em agar fosfatado (Tabela 1).

Para o trabalho, foram selecionadas as estirpes
que apresentaram ndo s6 o maior nimero de coldnias
resistentes, nos halos de inibicdo, mas as que forma-
vam halos duplos. Portanto, as estirpes 2285 e 3418
foram estudadas em maior detalhe, no que respeita
a morfologia colonial e resposta aos agentes seletivos
empregados.

Tabela 1

Antibiograma de 13 estirpes de S. aureus
em meio de agar fosfatado

Antibisticos N© hatos !
Cepas cf col. !
Bay Fu Te Rif B Sv Gen Cm | Am | resist.
33 | R R |pS Lo S sto ps*® | R |s 4
2142 | R R |pS s pS pS S pS|s [
2200 | R™ R~ | pS sto st® g% st R IS 4
2203 | R R [2ns | w8 | s s pS R [ R 1
2224 | R R |R st 2hS | 2hS% | pS R~ | % 3
2285 | R R | 2Hps? | g% 2hS' | 2h8* | pS R™ | 5% 5
2292 | R R |R 5% ps?® | §%® ps® R R 4
2301 | R R |R- st 2hs | §? pS R | R 2
3418 | R R |2ns' |t 2hs® | s? pS R~ | si® 5
5450 | R R |»S St g7 R R {58 3
5845 | R R™ | pS s 2hS | 2hSY | pS R |s 2
6219 | R R IR 2hS* | 2hps | §%° ps? R | R 3
9320 | pS*® | R™[2hS s s® pS pS RIS 2

Antibidticos: Bayrena {Bay); Furadantina (Fu); Tetraciclina
(Tc); Rifampicina (Rif); Rifamicina B (B); Rifamicina Sv (Sv):
Gentamicina {Gen); Cloranfenicol (Cm); Ampicilina (Am).

Simbolos:
R: totalmente resistente; R : discreto halo de inibicdo; pS:
pouco sensivel {halo entre Zmm e 1cm); S: sensivel {halo
maior que 1cm); 2h: presenca de halo duplo. O expoente
indica o ndmero aproximado de coldnias resistentes no halo
de inibigo.

Comparando-se os resultados de antibiogramas em
agar simples e agar fosfatado, verificou-se, no pri-
meiro, crescimento escasso e menor nimero de cold-
nias resistentes no interior dos halos de inibicdo,
tanto nos simples como nos duplos. No agar fosfa-
tado, os resultados foram melhores, verificando-se

crescimento abundante, grande ndmero de coldnias
resistentes e nitidos halos duplos.

Estudo dos halos de inibicdo — Com o prolongamento
do periodo de incubacdo, de 24 para 72 horas,
observou-se: aparecimento mais fregliente de halos
de inibicdo duplicados; diminuicio dos raios dos
halos de inibigdo, nas cepas sensiveis e de fraca
resisténcia; e aumento do nimero de coldnias resis-
tente, no interior dos halos de inibicdo (Fig. 1).

Fig. 1 — Crescimento de S. aureus em meio com antibio-
ticos. Halo de inibi¢cdo, apresentando: A, disco com antibio-
tico; B, "background”; C, colénia revertida; D, primeiro halo
de inibicdo; E, segundo halo de inibicdo. 8X.

Tipos de crescimento — A seguinte variedade de tipos

de crescimento foi observada: crescimento em peli-

cula transldcida, sobre o agar, frequentemente até o
disco impregnado com antibidtico, salpicada de cold-
nias de diversos tamanhos (desde menos de 0,5 mm
até varios milimetros de didmetro); este tipo de
pelicula transltGeida, porém com coldnias indiferen-
cidveis a olho nu, que foi por nbs designado
"background” (Fig. 2); crescimento macico, com
regides de pigmentacdo alaranjada, que surgiam inde-
pendentemente do agente seletivo.

Fig. 2 - Diferentes aspectos do “‘background’’; A, disco
com antibidtico; B, “background”; C, microcoldnia rever-

tida. 37X.
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Tipos de morfologia colonial — As coldnias isoladas
em presenca de antibidticos foram purificadas em
meio sem agente seletivo, trés vezes. Os seguintes
tipos de morfologia colonial foram observados: cold-
nias normal, com pigmentacdo amarelada uniforme
e bordos lisos; coldnias tipo ovo-frito, com a parte
central mais escura e espessa do que os bordos;
coldnias tipo ondulada, com o apice ondulado; colo-
nias tipo setorada, com dois tipos de pigmentacdo
bem distintos; colGnias com tipos morfolégicos mis-
tos, como, por exemplo, setorada-ondulada. Todos os
tipos morfoldgicos apareciam independentemente do
agente seletivo, de sua presenca ou auséncia. Verifi-
cou-se, igualmente, que os diversos tipos morfolo-
gicos, uma vez purificados por passagem repetida em
meio sem agente seletivo, podiam dar origem a
outros tipos. Somente apés mais de seis repiques
repetidos ocorria eventual estabilizacdo. A cepa 2285,
por exemplo, formava, consistentemente, coldnias do
tipo setorada-ondulada e setorada-bordos lisos, ao
passo que a cepa 3418 somente formava coldnias
do tipo setorada-bordos lisos (Fig. 3). As estirpes
originais, de nimero 2285 e 3418, que, no laborato-
rio, nunca estiveram em contacto com antibidticos ou
qualquer agente seletivo, apresentavam, também, as
mesmas variagGes morfologicas.

Fig. 3 — lIdentificacdo de coldnia setorada-bordos lisos. A,
regido mais clara e B, regido mais excura. 18X,

Antibiogramas dos diversos tipos de crescimento e
morfologia colonial — Antibiogramas foram feitos
com culturas provenientes de coldnias de diversos
tipos morfoldgicos. Nestas experiéncias, ndo foram
incluidos os antibidticos Bay, Cm, Fu e Gen, pois,
nas condicBes empregadas, as estirpes originais e as
linhagens recém-isoladas apresentavam-se resistentes
ou pouco sensiveis a eles. Os resultados obtidos nos
antibiogramas independeram do halo de inibicdo do
qual procediam as amostras, isto é, independeram do
agente seletivo inicial. Nem a pigmentacdo, nem o
tipo de crescimento (normal, “‘background”, etc.)
tém influéncia no padrdo de resisténcia a antibidticos.

Em relacio as estirpes originais, houve ligeiro aumen-
to da resisténcia, mas ndo a alteragdo qualitativa no
padrdo de resisténcia aos diversos antibidticos. Este
aumento de resisténcia se evidenciou pela formacio
de halos duplos, mais nitidos, e “background” mais
espesso. Antibiogramas do '‘background’’, formado
por culturas isoladas originalmente de colonias nor-
mais, alaranjadas e do "background’’ mostraram que
a pigmentacdo ndo influi na resisténcia e que ©
“pbackground’’ apresenta maior resisténcia. Os resul-
tados apresentados na Tabela 2 referem-se ao estudo
comparativo das regides claras e escuras das coldnias
setoradas (estirpe 3418) e setorada-ondulada (estirpe
2285). Foram comparados os resultados de culturas
de estirpes originais {controle}, com os de linhagens
isoladas apos dois antibiogramas. Na estirpe 3418,
culturas provenientes de antibiogramas anteriores,
apos dois novos antibiogramas, apresentavam maior
resisténcia aos cinco antibioticos, apesar de terem
sido selecionadas como resistentes a apenas um ou
dois antibioticos. Na estirpe 2285, culturas prove-
nientes de antibiogramas anteriores, apos dois novos
antibiogramas, ndo mostraram diferencas em relacdo
a estirpe original.

Presenca de formas L3 — Paralelamente 3 maioria dos
antibiogramas, isolamentos e purificacoOes, foram fei-
tos esfregagos e coloracdo de Gram. Em quase todas
preparaces, foram observadas formas redondas, gran-
des, gram-negativas, semelhantes a protoplastos, cor-
relacionaveis as formas L, descritas na literatura’ > 14,
Estas se apresentaram isoladas, sendo, no entanto,
mais frequente seu agrupamento em filamentos ou
circulos, surgindo, também, estruturas maiores e com-
plexas, os chamados ‘‘large bodies” (Fig. 4).

Fig. 4 — Provéveis formas-L. gram-negativas de S. aureus,
com: A, estruturas maiores e complexas chamadas “large
bodies’”; B, formas-L isoladas e C, formas-L em circulo.
1120X.
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As estirpes com formas L estudadas apresentaram
as seguintes caracteristicas, concordantes com as
observadas por outros autores®”: formagdo de "back-
ground”’; instabilidade na morfologia colonial; rever-
sdo as formas coloniais normais, a partir de coldnias
com morfologia e pigmentacdo diversas (tipos ondu-
lada, setorada, pigmentacdo alaranjada); homogenei-
dade no padrdo de resisténcia a antibibticos; presenca
de formas grandes ("large bodies’’); e gram-negativas.

Discussdo

As estirpes de Staphylococcus aureus, isoladas em
inquérito epidemiolégico no Rio de Janeiro, apre-
sentaram numerosas coldnias resistentes, nos halos
de inibicao de vérios antibiéticos.

Escolheu-se, para estudo, as cepas que apresentas-
sem maior numero de coldnias resistentes nos halos
de inibicdo, conforme indicado na Tabela 1. Em
muitos destes halos, notou-se escasso crescimento
em torno do disco, por nds chamado de “‘back-
ground”. Sobre este “‘background’’, destacavam-se
colonias resistentes, de diversos tamanhos, algumas
muito pequenas {menores de 0,6 mm de didmetro).
Estas microcolonias podiam reverter ao tamanho
normal, sem, contudo, modificarem seu padrdo de
resisténcia ao antibidtico em torno do qual eram

Tabela 2.

_ Antibiograma de culturas a part

Tipo de.

e | Pigmentacio
“colonia an . o .

_ondulada-
_setorada
_ leontrole

 clara
escura |

; ‘nduladar o
- setorada :
{ap6s 2 ann-7_ clara |

bnogramas)g r escura ;

t de coloni

2hs - ~‘2hps‘,

| s oans
| 2hS > 2n8

a incubacdo profo

As setas mdlcam a a!teracao decorrente

de. ”background” Os s:mboios sao os mesmos da Tabela 1

ngada em ‘todo os caSOsi

encontradas.

A reversdo a forma colonial grande e a presenca
de halos de inibicdo duplos, que apareceram em
leituras com mais de 24 horas de incubagdo, poderiam
ser explicadas como um crescimento mais lento das
células existentes no ‘'background’’. Este fato poderia
explicar o aparente aumento de resisténcia com o
prolongamento do tempo de incubacdoc. O ‘“‘back-
ground”’, quando testado por repetidos antibiogramas,
mostrou-se mais resistente gue as colOnias revertentes,
dele derivadas. Tal resisténcia ndo era, contudo, total.

Microcolonias purificadas em meio sem agente
seletivo, segregavam diversos tipos morfoldgicos, inde-
pendentemente do agente de selegcdo inicial. Além
disso, os mesmos tipos de morfologia foram identi-
ficados em culturas das cepas originais, as quais, em
laboratério, jamais estiveram em contato com qual-
quer antibidtico.

Tais dados sugerem que 0s marcos para resisténcia
sdo afastados dos marcos para pigmentacdo e mor-
fologia colonial. Tal hip6tese foi confirmada com os
resultados obtidos no presente estudo, alguns dos
quais estdo representados na Tabela 2. As estirpes
com coloragdo alaranjada, as originarias do “’back-
ground” - e as provenientes de coldnias setoradas
mostraram o mesmo padrdo de resisténcia aos cinco
antibioticos.

Em todas as culturas derivadas de coldnias morfo-

~_2hs = 2hpS I 2
‘12hps > 2hpS |

sensibilidade, houve: cresciment
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logicamente distintas, observou-se, em coloracdo de
Gram, a presenca de corpos grandes, gram-negativos,
semelhantes a protoplastos. Tais achados concordam
com os de outros autores’ 2, que descreveram
formas L. em Staphylococcus aureus, levando-nos a
crer que as estirpes estudadas apresentam formas L
em estagio instavel®, havendo grande reversdo destas
as formas cocos.
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The future of microbiology

J. R. Porter*®

Summary

The relevance of microbiology was considered and the new trends in research and application of this
branch of science discussed in relation to scientific and technological development.

Resumo

O futuro da microbiologia

A importincia da microbiologia e as tendéncias para a aplicagdo deste ramo da ciéncia foram discutidos,

em relacdo ao desenvolvimento cientifico e tecnologico.

“The future is a world limited by ourselves ..."”
— Maurice Maeterlinck

In considering the future of a science as important
and dynamic as microbiology one must appreciate the
above quotation and recognize the limitations of
human beings. But in addition one must realize the
element of chance that enters into scientific dis-
coveries and their applications, as well as the political
and socioeconomic factors that control our destiny.

With these points in mind, | predict that micro-
biology has just begun to make great contributions
to the health and welfare of mankind. In making
this prediction | wish to mention a few recent exam-
ples in various areas of microbiology, and to stress
(i) the great need for more fundamental research in
microbiology, (ii) the importance of a better un-
derstanding of microbial systematics, and (iii) the
great significance of developing and preserving culture
collections of microorganisms and cell lines.

General Microbiology

Some of the fundamental areas of microbiology
that will undoubtedly develop rapidly in the future
and provide much new and significant knowledge
must first be considered. In citing examples | by no
means wish to imply that these are the only areas that

will provide great discoveries, nor are the ilustrations
unusual and extensive.

Structure and Function. Undoubtedly every struc-
ture and component in individual microorganisms
play some function in the activities of the cell. And
the more we learn about these components and
their function the more we will know about the
wonders of nature and how it can be manipulated
for the good of mankind.

Perhaps the simplest form of cell differentiation
is spore formation and germination in bacteria. Thus
it is conceivable that if we knew more about the
mechanisms involved in these processes we could
interpret some of- the more complicated phenomena
that go on in higher forms of life.

Much can be learned about cell membranes and
permeability by studying the composition and prop-
erties of microbial cell walls. D-alanine, is a ubiqui-
tous component of the bacterial cell wall; it is
synthesized endogenously by bacteria, but unlike
L-alanine it has no essential function in human
metabolism. With this in mind a new highly active
antibacterial agent with novel properties has been
made from the cell component, D-alanine®. Using
the carbon-fluorination technique 3-fluoro-D-alanine
was prepared. When this compound was added to
bacteriological culture media commonly employed in
testing for antibiotic susceptibi!ity,y pathogenic bac-
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teria were not inhibited. When the substance was
added to a chemically-defined medium, however,
various organisms were inhibited. Neutralization of
antibiotic action by ingredients in complex media has
been observed before, so this finding was not un-
usual. But when the 3-fluoro-D-alanine was adminis-
tered to mice infected with salmonellae, streptococei,
pneumococci, or staphylococci, the bacteria were
strongly inhibited. When these results are extended
and better understood in the future they may have
far reaching significance.

In the past the relationship between the human
pathogen Treponema pallidum and T.cuniculi, which
causes spirochetosis in rabbits, has been unclear.
Recent electron microscope studies?® of the cell
wall, cytoplasmic membranes, mesosomes, and other
structures of these two species indicate that they are
indistinguishable morphologically. Further research
is necessary to determine other characteristics of the
two species, and to evaluate if the types of skin
fesions in human syphilis are similar to those in
animal tissues. Similar studies with other infectious
agents may reveal important information about host
specificity.

Microbial Genetics and Molecular Biology. Much of
our recent knowledge in the fields of genetics and
molecular biology has come from studying microbial
systems, and there is little doubt that research using
microorganisms will continue to provide important
and valuable data. Such information will be of great
value in selecting better strains of organisms for
commercial fermentation processes, for the produc-
tion of improved bacterial and viral vaccines, for
tracing epidemics and selecting antibiotics for the
treatment of diseases, and for determining the molec-
ular structure and activities of living cells. An un-
derstanding of the actual formation and activity of
biological molecules may be forthcoming in the near
future. Spiegelman and colieagues®® have just deter-
mined the nucleic acid sequence of a single strand of
RNA bacteriophage, and the sequence of its comple-
mentary strand formed during replication. The impor-
tant and unigue part of this research is that the
biologically active RNA bacteriophage can be pro-
duced in a test tube. This has interesting implications
for extracellular Darwinian experiments, and for the
first time answers may be possible for the question:
"Precisely what base changes have occurred in muta-
ting one phenotype to another?’”” According to Spie-
gelman such information will undoubtedly fead to
insights into the evolutionary pathways available to
replicating nucleic acids.

Microbial Metabolism. As in the past, research on
mechanisms of metabolic pathways and the use of
metabolic products may be of great value. Two recent

examples may be cited:

Streptomyces olivaceus produces large amounts
(yields up to 25%) of guanosine 5’ phosphate-glucose
as a product of metabolism?”. This and related sugar
nucleosides have been found in molds (Eremothecium
ashbyii), the lactating bovine mammary gland, pig
milk, and brown algae. Indications are that the
compounds serve as glycosyl donors in the synthesis
of complex carbohydrates by plants, animals, and
microorganisms.

A unique microbial product produced in culture
filtrates from dibenzothiophene by Pseudomonas
abikonensis or P. fianii has recently been identified??
as a new substance: trans-4[2-(3-hydroxy)-thianaph-
theny 1]-2-oxy-3-butenoic acid. This substance was
found to inhibit strongly the growth of Xanthomonas
¢itri, which causes cankers in citrus fruits, and Piricu-
laria orizae, which induces blast in rice plants.

Microbial Enzymology. Many microbial enzymes are
now produced commercially and these will be men-
tioned later under the section on industrial microbiol-
ogy. Also the importance of detecting the presence
or absence of certain enzymes in various pathogenic
microorganisms will be discussed under clinical mi-
crobiology. Thus, here | wish to indicate only that
the practical aspects of microbial enzymology wili
gain in significance in the future. Two important
aspects of this field deserve attention here, however,
because they are still in the basic stages of research:

1} The discovery that biologically active com-
pounds, such as microbial enzymes, can be fixed
artificially to insoluble polymers (membranes or par-
ticles) as supports or carriers, has generated great
interest among scientists and technologists®. Certain
enzymes that are inactivated rapidly by heat can be
materially stabilized by attachment to an inert poly-
meric support and then used to study complex bio-
logical reactions at relatively high temperatures. In
other cases these so-called insolublized enzymes can
be used in non-aqueous environments. Thus the pos-
sibilities seem limitless for the use of certain microbial
enzymes in future research.

2) The study of enzyme inhibitors from microor-
ganisms (fungi, bacteria, and actinomycetes) is an
exciting and promising field for the future. Umeza-
wa® and colleagues in Japan are pioneering in this
field. Preliminary results show that such inhibitors
may be employed to alter, or to control, various bio-
logical activities. Some inhibitors are known to in-
fluence the germination of seeds and certain plant
enzymes. The action of fusaric acid (C;oH;3NO,Ca)
from Fusarium oxysporum may possibly inhibit the
enzyme dopamine-3-hydroxylase which is thought to
be associated with alcoholism. Pepstatin {C34 He3NsOo),
produced by Streptomyces species, is being employed
experimentally in animals to test the role of pepsin in
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stomach and duodenal ulcers. Other microbial inhib-
itors may be shown to have a relationship to
enzymes in cancer cells, or in various metabolic and
genetic disorders in human beings.

Pathogenesis and Immunology. The areas of patho-
genesis and immunology in microbiology have devel-
oped so rapidly in the past few years that they have
essentially become separate disciplines. Studies have
ranged from pathogenesis of Shigella dysenteriae>® to
the occurrence of measles antigen precipitating anti-
bodies in sera from patients with multiple sclerosis*! ;
from the isolation, purification, and structure of a
so-called ‘‘slow-virus agent’ such as the one causing
Aleutian disease of mink!! to new O and K antigens
of Escherichia coli**; from T-mycoplasmas as the
possible cause for reproductive failure?*? to the
morphology of Australia antigen positive particles®’;
from the antigenic structure of tetanus toxin*® to
the demonstration that the envelope glycoprotein of
rabies virus is the antigen responsible for the induction
of virus-neutralizing antibody formation and protec-
tion®*: and from the successful vaccination of rabbits
with Treponema pallidum attenuated by -irradia-
tion®® to studies on interferon®.

Another unique finding that deserves further con-
sideration is that of Fajardo. He just reported (Nature
243:298-299, June 1) that the malarial parasite (Plas-
modium berghei) appears in the platelets of infected
mice. This is the first time any protozoan has been
seen in platelets, and the finding is too new to
speculate on its future significance in malaria. But
it may constitute a breakthrough in understanding
parasitic diseases.

With more research in pathogenicity, cellular and
tumor immunology, immunogenetics, and transplan-
tation, the future in these fields has great promise.

Nomenclature and Classification. The naming and
classifying of microorganisms has presented problems
for microbiologists since the early days of the science,
and future work in systematics is imperative. With
computers available, numerical classification and auto-
mation will become more significant.

The committee chaired by Lapage34 to propose
revisions to the International Code of Nomenclature
of Bacteria has made some excellent suggestions for
preserving the names for bacterial taxa that have any
claim to be worth keeping beyond 1980. Microbiolo-
gists need to study and keep abreast of these propo-
sals.

The eighth edition of Bergey’s Manual of Deter-
minative Bacteriology should be published the first
part of 1974. This important Manual will differ
greatly from previous editions in format, in the
presentation of information, and in the approach to
classification; it represents the work of numerous

committees, and 129 authors from 15 countries. A
Kingdom PROCARYOTAE Murray is being accepted
but not a complete hierarchy. The organisms are
placed in 19 Parts with vernacular headings. Micro-
biologists will welcome this new edition, which has
been in preparation over-5 years.

Soil Microbiology

Until the work of Hellriegal and Wilfarth, Beije-
rinck, Winogradsky, and others almost 100 years ago,
no one realized the great significance of microbial
life in the soil. Now we know, however, that the
upper few centimeters of a hectare of fertile soil
may contain several kilos of bacteria, actinomycetes,
fungi, protozoa, and algae. And that these microbes
have great influence on the texture of the soil and
its fertility, as well as all plant and animal life on
earth., Without the microbial activities in the soil
other life on the earth would soon perish. This
information is well known to those of us currently
working in microbiology. But what does the future
hold?

Soil microbiologists and chemists hopefully will
learn more about the interrelationships that exist
during the biogeochemical cycling of not only C, N,
P, and S, but other elements in the soil. Expanded
knowledge about the cycles of elements is becoming
essential in devising a rational approach for the
management of natural resources, and in under-
standing the impact of poliution.

If demands for fertilizer increase in the world, and
if the energy crisis becomes more acute, greater
attention must be given to microbial N,-fixation,
and the preservation of phosphates and other essential
elements. Emphasis needs to be given immediately to
research on the nutrition, genetics, and enzymes of
both symbiotic and nonsymbiotic N,-fixing micro-
organisms. A recent report®, indicates that indole-
acetic acid plays a role in the infection of legume
root hairs by rhizobia, and that gibberellic acid
(up to 8 ppm) stimulates growth of these bacteria.
Population dynamics and physiological properties of
the genera Azotobacter and Beijjerinckia have been
shown?®” to vary greatly under different environmen-
tal conditions. Such studies should be expanded.

Better understanding of the biological mechanism
of N,-fixation will eventually aid in increasing the
world’'s supply of protein, especially if by genetic
means or other ways the process can be induced in
plants other than legumes. Progress along this line
has been reported from Nottingham University where
scientists have demonstrated that N,-fixing bacteria
can infect the tobacco plant!®. What a great feat it
would be if this could be accomplished for rice and
other cereal crops.
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Future studies on the microbes in the rhizosphere
will yield valuable scientific and practical information.
We know the viable microbial population is higher
and physiologically more active in the rhizosphere
than in root-free soil, but the significance of such
activities are not weli-understood. Recently, Arthro-
bacter species isolated from the rhizospheres of plants
were found? to deactivate certain phenylmercury
and lindane seed dressings. Also, Bdellovibrio bac-
teriovorus, which is parasitic for other gram-negative
bacteria, has been isolated from the rhizosphere of
the soybean. When sprayed on normal plants this
organism inhibited the development of blight in
soybeans caused by Pseudomonas glycinea® . |f this
technigue could be extended to control some other
bacterial diseases of plants it would be of great value
to agricultural production.

Continuation of certain phases of the International
Biological Program. are essential, especially studies on
nitrogen fixation and research dealing with the mi-
crobial activities in tundra. The results will not
only explain various biological phenomena but will
have practical significance.

Geomicrobiology

One of the more rapidly developing areas of sci-
ence is geomicrobiology, which deals with all geochem-
ical phenomena occurring all over the earth wherever
rocks and chemical elements come in contact with
microbes. Although some persons prefer to consider
this field under such subdisciplines as soil, water, or
marine microbiology, this specialized division seems
warranted to cover such topics as the (i) leaching of
metals from ores, (ii) prospecting for oil and gas, and
(iii) marine mining.

Leaching of Metals. The oxidation and reduction of
iron, copper, sulfur, manganese, and other inorganic
substances by microorganisms have been known for
many years, but our knowledge of the processes is
most incomplete and controversial. A recent study®!
indicates that the stalked iron-bacterium, Gallionella
ferruginea, may be closely related to a manganese-oxi-
dizing bacterium Metallogenium sp. This interesting
suggestion deserves further study, since the latter
organism has many unigue characteristics, such as
lacking a conventional cell wall.

The great practical potential for certain organisms
is in the recovery by leaching of copper, uranium,
and other metal salts from low grade ores and siag
from mines. Also some species may show a selective
action, such as the fractionation of selenium isotopes
(Se™ and Se®?), that will be of value.

Prospecting for Oil and Gas. Geological and seismic

methods are available for oil and gas explorations.
But because the hydrocarbon content of soils over-
lying gas and oil fields is higher than surrounding
areas, microbiological techniques can also be used to
determine the numbers of hydrocarbon oxidizers pre-
sent. Indirectly this may indicate oil and gas deposits
below.

Marine Mining. One of the greatest untapped mineral
resources of the earth may be the so-called seabed
nodules, which are rich (8 to 50%) in iron, manga-
nese, copper, cobalt, and nickel. In fact, Hawkes states
(Nature, 242:151, 16 March 1973) that these ‘‘nod-
ules may be accumulating some metals faster than
man currently uses them.” From a microbiological
standpoint it is interesting that certain investigators!'®
believe that bacteria are primarily responsible for
these nodules, since significant numbers of manga-
nese oxidizing-reducing organisms are found on freshly
collected specimens. Several commercial companies
have already considered mining these nodules, since
indications are that ocean dredging may yield 50
million tons annually, with a value of $20 per ton.
The forthcoming international conference on the
Law of the Sea may consider the mining rights of the
oceans and issue mining permits. But from a scientif-
ic standpoint further research is necessary to explain
the origin of these distinctive nodules.

Aerobiology

The microbial flora of air is variable, transient,
and depends on many physico-chemical factors. We
have learned much about the occurrence, survival,
and transmission of microorganisms in the atmo-
sphere since the classical studies by Pasteur, Tyndall,
and others about 100 years ago. But we still have
little knowledge about whether microorganisms have
any normal function in air.

Recently much attention has been given to air
pollution, especially in congested industrial areas,
and to the transmission of microorganisms and other
particulate matter in the air of hospitals and commer-
cial establishments.

Air pollution is so bad in certain places that it is
interfering with both plant and human life. Some
40 foreign substances are found in the air of various
cities. Scientists state that 80% of these pollutants
and their effects are unknown, but we do know they
consist mainly of carbon monoxide, sulfur oxides,
nitrogen oxides, hydrocarbons, and particulate matter.
Such substances appear to be responsible for much of
the chronic respiratory illness in human beings. Signif-
icantly, only microorganisms in the air, soil, or water
are capable of converting these potentially toxic
pollutants to harmless substances under normal con-
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ditions. But microorganisms cannot be utilized for
such a massive task of cleaning the air at the present
time.

Some progress is being made in the control of

particulate matter, microorganisms, and other polifu-

tants in cities®®, in the air of hospitals, food, and
other commercial establishments®?, and even in agri-
cultural production'. From a microbiological stand-
point, research must develop more sensitive tech-
niques for the analysis of air, and better methods for
the uses of filtration, radiation, chemical disinfection,
or incineration of the air. In the more heavily
contaminated areas it will be necessary to establish
certain standards to assess the purity of air. Also a
surveillance system may have to be organized.

Water and Sewage Microbiology

Recent rapid urban and industrial developments, as
well as new modes of personal hygiene and living,
have imposed increased demands on available water
supplies in many areas throughout the world. In the
United States, the demand for water increased from
45 to 54 (20%) billion gations per day from 1965 to
1970. Such changes have in turn greatly influenced
the disposal of both liquid and solid agricultural,
industrial, and domestic wastes.

The microbial flora of the water and sediments of
rivers, lakes, and the oceans are of great significance
in maintaining good water supplies, for whatever
purposes they may be used, and in the disposal or
recycling of wastes.

In an effort to reduce water evaporation in reser-
voirs and other storage basins, various physical and
chemical methods are being employed. Recent stud-
ies®! show that the addition of chemical suppressors,
such as hexadecanol, have many ecological ramifica-
tions including alterations in the microbial flora. in
the future, microbiologists will be involved more
and more in such studies.

With our present knowledge of sanitation, wa-
ter-borne diseases should be completely eliminated
from municipal water supplies. But this has not been
possible, and continued microbial surveillance of
drinking water is essential. Future problems will
involve improving techniques for the detection of
enteric bacteria and especially viruses. The recent iso-
lation of poliovirus from well water by Vander Velde
& Mack®® shows that we must have better indicators
of water pollution. Studies in this area are now
underway'>® and we can look forward to estab-
lishing more effective standards.

The proper disposal of agricultural, industrial, and
municipal waste waters is receiving increased attention
these days, with much more to be done. Besik® has
recently described a pilot plant that yields excellent

results in the removal of contaminants in domestic
sewage. Indications are that renovation of domestic
waste water to potable levels is feasible. Fungal
digestion of food processing wastes, using Thichoder-
ma viride and Gleocladium deliquescens, is efficient
and economical. In fact, Church and associates'?, and
others, believe that the surface has only been scratched
in applications of the fungal conversion process of
carbohydrate wastes from food canning operations.

Food Microbiology

The development of food microbiology has helped
make it possible for mankind to live in large cities
and still consume many foods that are highly perish-
able. But this does not mean that modern food
industry is free of problems. Today the production,
preservation, and public health regulations of many
foods, including dairy products, are so complex that
the food industry is more dependent on microbiology
than ever before. The appalling fact that as much as
a quarter of the food produced in the world never
reaches the consumer, partly because of microbial
spoilage, needs attention.

Food-borne intoxications with clostridial and
staphylococcal toxins, and food-borne infections with
various enteric bacteria, have been known for many
yvears. Such diseases account for about 65% of all
food-borne outbreaks. Viruses account for another
2.4%, parasites 3.3%, and chemicals 7.3%.But 22%
of the outbreaks are of unknown etiology and should
be studied more extensively.

The discovery and importance of various myco-
toxins in animal and human diseases have opened a
new area in food technology and public health that
is in its infancy. For example, fusariotoxin T-2 pro-
duced by Fusarium tricinctum causes toxicosis in
farm animals, is a potent skin irritant and inflamma-
tory agent, produces severe mouth lesions when fed
to rats and chickens, and causes sloughing of the
intestinal mucosa in trout. But a more important
feature of fusariotoxin is its possible role in alimen-
tary toxic aleukia in human beings®®; this relationship
demands further study.

Until recently Vibrio parahaemolyticus was only
implicated in Japan as the cause of human food
poisoning among persons consuming uncooked sea-
foods®. But it has now been incriminated in other
countries as causing cholera-like gastroenteritis, wound
infections, and diseases of marine invertebrates. John-
son & Liston®® have recently suggested that mon-
itoring programs should be instituted for high-risk
seafoods, and also for shellfish during warm periods
of the year. Because V. parahaemolyticus and V.
alginolyticus commonly occur in the same places and
have many characteristics in common, except for
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pathogenicity, Johnson & Liston propose that V.
alginolyticus may serve as a useful organism for indi-
cating contamination. This proposal shouid be consid-
ered.

Reducing the number of microorganisms, especially
salmonellae, on butchered animal and poultry car-
casses is an important problem both from a stand-
point of health and for extending the keeping quali-
ties of the meat. Solving the problem has been
approached in a number of ways such as washing
the carcasses with hot water, weak organic acids, or
chlorine solutions. The best control of microorga-
nisms seems to be enforcement of strict sanitary
procedures during slaughter and processing, followed
by spraying the carcasses with a solution of acetic
acid®. But improved microbiological methods, and
better classification of the offending organisms, are
required in the meat and poultry industries. This is
illustrated by the recent paper by Davidson, Dowdell
& Board'’. For a long time it has been assumed
that the gram-negative bacteria isolated from refriger-
ated meat belong either to the genera Achromo-
bacter or Pseudomonas. But Davidson, Dowdell &
Board have now demonstrated that when such bac-
teria are correctly classified many of them more
properly belong to the genera Moraxella and Acineto-
bacter. Again such a study illustrates the significance
of good taxonomy and culture preservation.

The manufacture of fermented meat products
(pepperoni, etc.) represents a valuable industry in
many countries, but there are few reported studies
on the microbiological aspects of the processes.
Starter cultures of Lactobacillus species and Pedio-
coccus cerevisiae have been employed. But many man-
ufacturers use only chance inoculations that require
long holding time for the fermentation; this provides
an opportunity for some food-poisoning organisms,
especially Staphylococcus aureus, to cause problems!®

Spices, dehydrated onions®® and other vegetables
are now widely used in the formulation of many food
products. Harmful organisms, such as Clostridium
botulinum, salmonellae, and staphylococci, are not
normally present in the dehydrated vegetables. But
various species in the genera Bacillus, Pseudomonas,
Achromobacter, Lactobacillus, and Micrococcus may
be present. Although such organisms may not be
detrimental to health, they are often responsible for
relatively high plate counts in the finished food prod-
ucts. Improved technological studies in the future
may eliminate such microbiological problems.

Extension of the shelflife of such highly perishable
foods as fish”, prevention of the bloating of brine-fer-
mented cucumbers in pickle manufacture?®, the em-
ployment of sanitary measures in the processing of
frozen fruits and vegetables®?, and many other prob-
lems hold a great future for work in food micro-
biology.

in a similar manner the production and control of
milk and dairy products depend on good micro-
biology. Improved techniques are necessary for the
detection of pathogens in milk of infected animals,
such as the one recently developed by Farrell &
Robertson!® for the isolation of brucellae by direct
culture.

Industrial Microbiology

Many substances of importance are now produced
commercially by microbial processes. Some of the
more traditional fermented foods and industrial chem-
icals are so well known that they will not be
mentioned here, other than to say that the methods
are continually being improved by new technoiogies
and by genetic selection of strains that give higher
yields or better products.

The attention that is being given to the develop-
ment of new industrial processes is of interest. De-
mands will continue for new products, and mankind
will have to become more and more dependent upon
the useful qualities of microorganisms. This is seen
from the extensive results of the recent International
Fermentation Symposium®®.

A current and future potential for microorganisms
is their use in the commercial production of enzymes
for industrial, medical, and pharmaceutical purposes.
Ten or more microbial enzymes, ranging from amy-
lase to glucose oxidase, invertase, and lactase on to
penicillinase and proteases, are now available commer-
cially. Some of these are produced in quantities of
thousands of kilograms.

For some time research has been underway to con-
vert domestic sewage and some industrial wastes to
valuable substances by using algae, fungi, and bacteria.
This work has been primarily concerned with impro-
ving the quality of the water into which the wastes
are being discharged®!?. With the growing protein
shortage in the world, however, the conversion of
wastes and excess carbohydrate materials to nitroge-
nous substances is becoming highly significant. Several
industrial companies are conducting research in this
field, and some have built plants that will produce
thousands of kilograms of microbial.protein per year.
These proteins are of high biological value, and they
are well tolerated as feed supplements for animals and
birds, but less so by human beings. This area of
industrial microbiology is in its infancy, but it will
undoubtedly grow rapidly in the future.

Because of the growing concern for better and
less poisonous insecticides, there is a great oppor-
tunity for developing large-scale production of bioin-
secticides consistihg of bacteria or viruses. Bacillus
thuringensis is now on the market as a dust, wettable
powder, and liquid preparation for spraying crops and
trees to destroy the cabbabe looper, gypsy moth,
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grubworms in lawns, etc. The product (Thuricide)
was used last year on more than 20,000 acres of
trees in the United States to control the gypsy moth.
Some 20 to 40 insect viruses also show promise as
bioinsecticides. This field should develop extensively
in the future.

New approaches need to be considered in the
testing and standardization of such antimicrobial
agents as antibiotics, antiseptics and disinfectants.
More data will need to be available to convince public
health authorities and the public in general that such
agents are specific for microorganisms and harmless
for human beings. The addition of such substances
to animal feeds, perishable foods, soaps and related
products may not be harmful to human beings, but
they will be regulated until more is known about their
side effects.

Two novel uses of microorganisms have recently
been described in the popular press and they are
interesting to mention. A detector is now commer-
cially available that employs special mutants of fu-
minescent bacteria, which emit light in the presence
of one or a group of several substances*®. Bacteria
are supposedly available for detection of various
explosives, air pollutants and toxic gases, and drugs
such as heroin. The detector consists of the bacteria,
probes attached to a small pump to draw air into
contact with the bacteria, and a photocell to measure
any emitted Iight. The bacteria come in freeze-dried
cartridges that must be activated 24 hours before use;
the bacteria are then active for about 8 hours.

A recent article from Tel Aviv University reports
that a mutant of a species in the genus Arthrobacter
may be employed to help preventpolluting the oceans
with oil spills from the world's tanker fleet. An
empty tanker on its return voyage to pick up more
oil uses sea water as ballast, but the tanks also contain
a residue of several thousand liters of crude oil.
By adding nitrogenous nutrients and salts to the
tanks, and then inoculating them with the bacteria,
the oil residue can be decomposed and is therefore
not discharged into the ocean with the ballast water.
According to Rosenberg associates at Tel Aviv, the
bacteria may not only clean the tanks of an oil
transport, but may yield valuable products. For
example, a 200,000 ton supertanker could yield 200
tons of dewaxed material, and 150 tons of high
quality animal food.

Microbial Ecology

Mention has been made several times to relation-
ships that exist among various mixed populations of
microbes in natural ecosystems, since microorganisms
rarely occur in pure culture in nature. We know, there
may be present in a gram of soil as many as a billion

bacteria, actinomyces, protozoa, and algae; river wa-
ter may contain several thousand organisms per millili-
ter, depending upon its character; and the intestinal
tract of animals and human beings may harbor a great
variety of microbes in varying numbers.

In spite of our awareness that microbial interac-
tions go on continuously in the biosphere, we know
little about these phenomena under natural conditions
to say nothing about the alterations that may come
when man-made pollutants are discharged into the
environment. Some progress is being made in analy-
zing the complex biological phenomena associated
with microbial dynamics, however, and hopefully
future studies will give us more knowledge about
nature.

Microbial populations are being studied in soil
and aquatic environments. Efforts are being made
to determine the effects of domestic and industrial
sewage pollution on the microbial populations in
rivers and lakes!®. But additional studies are essential
to establish base-line data so that the effects of chemi-
cal, thermal, and related pollutants can be measured.
Microbial monitoring or surveillance programs must
be initiated, since it may be as important to know
the effects of pollutants on the various microbial
populations as on higher forms of life.

Another interesting example of microbial ecology
may be cited. The digestion of cellulose, pectin, and
other food materials in the rumen of cattle and.
related ruminants by a symbiotic association of cer-
tain bacteria and protozoa has been studied by Bryant,
Czerkawski, Dehority, Hungate, Wolfe, and their
colleagues. In their reports, and a recent paper by
Tomerska & Wojciechowicz’®, several genera of
bacteria and protozoa are mentioned as being in-
volved in the rumen fermentation. The bacterial genera
include: Bacteroides, Butyrivibrio, Eubacterium, Lach-
nospira, Peptostreptococcus, Ruminococcus, Seleno-
monas, and Succinimonas. The bacteria are suppos-
edly predominant in the rumen, but the fermenta-
tion also requires species of protozoa in the genera
Isotricha, Entodinium, Dasytricha, and Ophyroscalex.
The important points to make here about these
organisms and the rumen fermentation are (i} the
taxonomic relationships among these microorganisms
are not well understood at this time, and they need
further study; and (ii) such cultures should be pre-
served in culture collections until more can be learned
about their characteristics.

These general examples of microbial ecology
can be multiplied many times, and signs for the future
of the field are bright. In fact, | believe interesting
results will come from the following:

1) The Applied Microbial Ecology and other ses-
sions at the GIAM |V Conference® Papers in the

* July 23-28, Sdo Paulo, SP, Brasil.
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ecology meetings will cover soil pollution, geomicro-
biology, aigae in waste recovery, and the significance
of microbiological recycling.

2} The Symposium on Microbial Interaction with
Pollutants at the International Congress for Bacte-
riology in israel in September {1973); and

3) The newly established International Commis-
sion on Microbial Ecology {ICOME) in the Interna-
tional Association of Microbiological Sccieties. The
officers {Martin Alexander, Chairman; J. W. M. la
Riviere, Secretary) and members of this Commission
are doing an excellent job of pointing out the signifi-
cance of microorganisms in the biosphere, and serving
on various national and international committees; for

example, La Riviere is a member of the Scientific

Committee on Problems of the Environment {SCOPE).

Clinical Microbiology and Immunology

Clinical microbiology and immunology have been
of great help for many years in the diagnosis and
treatment of animal and human infectious diseases,
and we know they are partly responsible for medicine
and public health advancing to their current high
state. Research and diagnostic work in these fields are
extensive today, and future trends seem clearly de-
fined in the following few examples of published

‘articles:

1) Comparison of anaerobic methods for isolating
anaerobic bacteria, especially nonsporeformers, from
clinical specimens®®.

2) Rapid detection of pneumococcal capsular ma-
terial in the serum and urine of patients by coun-
terimmunoelectrophoresis!?.

3) A simple and rapid microneutralization method
for differentiating antibody responses to Herpesvirus
hominis types 1 and 2%

4) The use of organ cultures to diagnose acute
respiratory-tract infections in cases that do not yield
a causative agent by ordinary microbiological meth-
ods?3.

5} Rapid and sensitive radioimmune assay for type
A toxin of Clostridium botufinum®.

6) Direct and indirect solid-phase microradioim-
munoassays for viral antigens and antibodies®”.

7) Rapid assay for staphylococcal enterotoxin A
by reversed immunoosmophoresis> .

8) lLaboratory identification by clinically impor-
tant aerobic actinomycetes® .

9) Confirmation of Neisseria gonorrhoeae in 1 to 4
hours with a rapid sugar-fermentation- method?®.

10) Automation of the indirect fluorescent-antibody
test for toxoplasmosis (Toxoplasma gondii*®).

11) Current trends in automation35:5%.

12) Additional studies on various antibacterial agents
such as new commercial antibiotics, and such sub-

stances as the bacteriocins™ .

Studies such as these, and the important sympo-
sium on rapid methods and automation in micro-
biology held in Stockholm 4 to 8 June 1973, indicate
that the future of clinical microbiology “will be
directed more and more toward rapid and sensitive
methods that lend themselves to automation. But at
the same time better international standards must be
established for many microbiological and immuno-
logical procedures; for example, pleas have already
been made for international standards for antibiotic
testing.

Plant Microbiology

Many microbiologists do not realize the extensive
work that is carried on by plant pathologists, horti-
culturalists, and others concerned with plant growth
and diseases. Mention has already been made in the
section on Soil Microbiology of the significance of
nitrogen-fixing bacteria on plant growth, and organ-
isms in the rhizosphere. Thus discussion of the
future of these important topics will not be repeated
here.

Interesting work is beginning on the factors that
influence the activities of microorganisms on the
teaf and other surfaces of plants (Nature, 242:14, 2
March 1973). Water on foliage releases substances
from leaves, especially older ones, that influence the
growth of microorganisms. Spraying plants with var-
ious herbicides, or insecticides, may produce bene-
ficial or adverse effects on the associated microbial
flora. Air pollutants also alter the microflora on the
leaf surface. Such studies should be extended, since
they will undoubtedly have practical application,
especially on plants used for food.

The control of microbial plant diseases continues
to be a major problem and extensive research in the
field is necessary. In one recent monthly issue of the
U.S. Department of Agricuiture Plant Disease Report-
er some 34 plant diseases were listed, ranging from a
new Helminthosporium leaf blight of corn to pollen
transmission of ring spot virus in cherry orchards.
Actually the number of bacterial, fungal, protozoan,
and viral diseases of plants is almost limitless. Of
interest are new observations that a rickettsia-like
organism for the first time appears to be the cause
of diseases in grapevines and alfalfa®!, and certain
strains of Erwinia and some viruses are pathogenic
for both plants and insects {Nature, 242:87-88, 9
March, 1973). This latter discovery should be taken
into consideration as new microbiological methods
are developed for combating crop pests. Even more
important was the recent announcement in England
that human viruses may infect plants and that, as a
corollary, plants may serve as a reservoir of human
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viruses. Such . a situation would violate all existing
theories about viral activity, but as just mentioned
it is known that plant microorganisms sometimes
infect and kill insects. These observations need to be
confirmed, but they may serve as the basis for the
development in the near future of an important field
of comparative microbiology.

From these remarks | have tried to indicate that
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microbiology is currently in a position to make great
contributions to the health and welfare of mankind.
The major problem is whether ingenious and well-in-
formed microbiologists can convince the public that
the beneficial activities of the microbial world can
be exploited. | challenge you to discover more of the
wonders of microorganisms, and to apply the results
to the improvermnent of civilization.
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