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Latency and herpes
simplex virus

Fred Rapp*

& Anamaris M. Colberg-Poley**

introduction

Members of the herpesvirus group characte-
ristically produce diseases with recurrent mani-
festations. Among these are varicella-zoster vi-
rus, Epstein-Barr virus, cytomegalovirus, and
herpes simplex virus types 1 and 2 (HSV-1 and
HSV-2). In an attempt to explain clinically re-
current herpetic lesions, the maintenance of a
latent form of virus within the body was propo-
sed (38, 92). Alternative explanations for causa-
tion of these clinically observed recurrences,
not covered within the scope of the review, are
persistent infection and exogenous reinfection
(61).

This article reviews some of the literature
pertaining to HSV latency but does not intend
to be comprehensive for the vast number of pu-
blications within this field precludes such an at-
tempt. Our intention is to present a clear sum-
mary of the pertinent information concerning
HSV latency for readers not familiar with the
work in this field. Citations aiready presented in
other extensive reviews (18, 61, 93) have been
included for the sake of clarity and continuity of
this overview.

Table 1 — Recent reviews concerning HSV latency

References

Stevens, 1975
Stevens, 1978

Wheeler, 1975
Epstein, 1976

Nahmias and Roizman, 1973
Docherty and Chopan, 1974
Roizman, 1974

Subject
Historical

Pathogenesis of
recurrent lesions

Comprehensive

* Department of Microbiology

HSV has been used as the prototype of her-
pesvirus latency. Yet, the concept of a latent vi-
rus, undetectable by standard isolation techni-
ques and clinically inapparent, contrasts
strongly with the usual rapidity and destructive-
ness of the HSV replicative cycle. These appa-
rently conflicting observations {latency vs. lytic
replication) could be reconciled if latency is vie-
wed as an evolutionary mechanism enabling vi-
rus survival within the host’s immune system
(31). Productive replication of the virus with a
concomitant increase in virus antigen expres-
sion early during the replication cycle could
lead to the destruction of the infected cell by
the host’s immune system. Destruction of the
infected cell prior to completion of virus replica-
tion would result in elimination of the virus wi-
thin the body, thus excluding any opportunity
for virus spread. One alternative would be bloc-
kage of virus replication prior to the synthesis of
virus products expressed at the cell surface and
maintenance of the virus in an inactive form
within the cell until favorable conditions for re-

- plication are established. Subsequent replica-

tion of the virus under more favorable condi-
tions (such as reduction in host immunity or
upon hormonal stimulation) would permit survi-
val and propagation of the virus. Furthermore,
the ability of the virus to enter a latent state
may correlate with its potential for malignant
transformation of cells (79). Lytic replication,
on the other hand, would destroy the transfor-
med cell and preclude the development of can-
cer. It is therefore possible that latency, by
blockage of Iytic replication, could permit the
expression of transforming ability.

** Specialized Cancer Research Center The Pennsylvania State University College of Medicine Hershey, Pennsylvania

17033, USA.
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Figure 1 — Cellular-virus interactions following infection with herpes simplex virus
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a. productive infection with concomitant increase of virus-specified proteins (B and A) on cell surface; these may be re-
. cognized as foreign (@) by the host’s immune system and result in lysis of the infected cell
b. Transformation may result after infection with HSV and the transformed cells may express virus antigens on its surface.
This may lead to lysis (B) or not (&), probably depending on the proteins present and the response of the host
c. Latency may represent a state in which virus proteins are not expressed on the cell surface but the virus genome is main-
tained; the infected cell escapes lysis and the survival of virus is possible

Evidence that HSV causes cancer — Strong
evidence implicating HSV in cell transformation
and cancer has developed from varied techni-
ques utilized in numerous laboratories. Initial
studies demonstrated the transforming poten-
tial of HSV by transformation of hamster embr-
yo fibrobiasts /n vitro with uitravioiet (UV) — ir-
radiated HSV (26, 27, 71, 72). Later, the pre-
sence of HSV DNA (34) and HSV antigens (75)
in these cells was established. Alternately, the
expression of HSV in neoplastic tissue has been
demonstrated by immunofluorescent studies of
exfoliated cells from a cervical carcinoma (81)
and portions of HSV-2 DNA have also been
found in cervical cancer tissue (35). More re-
cent studies have examined biopsies from cer-
vical carcinoma and premalignant tissue for the
presence of HSV-2 mRNA using /in situ hybridi-
zation. These studies have detected HSV-2
mRNA associated with the neoplasctic tissues
{5). In situ hybridization has permitted even

greater sensitivity for the detection of HSV se-
guences than previous techniques. It is perhaps
for this reason that direct evidence establishing
the presence of the HSV genome or portions of
it within neoplastic tissue has been slow in
emerging. Evidence for HSV involvement in
cervicai cancer and transformation has stem-
med from studies using different techniques.
HSV-2 has been induced from cervical carcino-
ma tissue by altering the pH of the culture me-
dium in which the cells were grown /n vitro (5).
A correlation between the incidence of cervical
cancer and genital herpes lesions has been no-
ted (62) and strengthened by numerous epide-
miological studies (3, 4, 60, 74, 82). These have’
been previously reviewed (61). The ubiquitous
nature of HSV forces one to ask whether the
association of HSV with cervical carcinoma re-
presents, in effect, the causation of the malig-
nancy or whether the association of virus with
this cancer represents a superinfection of neo-



Rev. Microbiol. {S. Paulo), 11(1), 1980 3

plastic tissue. This question raises an issue vital
to the determination of cervical cancer etiology
that has yet to be conclusively resolved.

The latent HSV — The historical development
of the association between HSV latency, the
nervous system, and recurrent lesions has been
extensively reviewed (92, 93). Briefly, after ini-
tial observations that herpetic lesions were con-
current with inflammatory changes in the cor-
responding sensory ganglia (47, 48}, it was no-
ted that lesions developed after removal of con-
tralateral ganglia (20). It soon became apparent
that the lesions were infectious since it was
possible to transmit them to rabbits (6b). Uiti-
mately, Goodpasture proposed that the herpes-
virus remained latent in ganglionic neurons and
reactivation would occur if these tissues were
damaged (38). Direct evidence supporting
Goodpasture’s hypothesis was delayed for se-
veral decades until technology permitted the
study and isolation of viruses from explanted
tissues of animals and humans afflicted with
herpetic lesions.

Figure 2 — Protocol for the isolation of HSV from the neu-
ronal tissue of latently infected mice. The mice are injected
in the footpad with HSV, and a paralysis ensuss. After 2-3
weeks when recovery is complete, the spinal ganglia are ex-
cised and are maintained as organ cultures

e PARALYSIS
%

RECOVERY wmmmsp PRIMARY CELLS

\(b)

(a)

CELLS IN CULTURE
HOMOGENIZE

SUPERNATANT

23
RABBIT KIDNEY
l CELLS

HSV

NO VIRUS

a. Neither HSV nor virus-specified products are detectable
at the time of excision.

b. The supernatant from these neurons, maintained in cul-
ture, is placed on permissive cultures {rabbit kidney cells)
and production of virus is observed

HSV was isolated from the spinal ganglia of

mice that recovered from paralysis induced by

inoculation of HSV in the rear footpad (94).

Further studies permitted the development of
additional animal HSV latency models: rabbits
inoculated in the cornea (97), mice inoculated
in the ear (10, 46), and guinea pigs inoculated in
the rear footpad or via the intravaginal route
(87,89).

More recently, genetic and biochemical stu-
dies have been facilitated by the incorporation
of HSV temperature-sensitive (ts) mutants into
the mouse latency model. Several HSV ts mu-
tants studied vary in their abilities to induce la-
tency in vivo (54). Various HSV-1 ts mutants
(Glasglow), which had been extensively cha-
racterized were selected and used to inoculate
mice either intracerebrally or in the footpads.
After the virus was undetectable, portions of
the brain or spinal ganglia were explanted and
observed for the reappearance of virus by cocul-
tivation with baby hamster kidney (BHK) cells.
It was found that of five ts mutants studied, tsD
readily established latent infections, while tsG,
tsS, tsJ were less efficient, and tsl was not re-
coverable. The authors suggest that tsl was not
recoverable from neural tissue because of its
inability to establish latent infection in the mice
due to a defect in a Virus function(s). This work
has been extended to include other ts mutants,
but thus far, the authors have not been able to
establish a correlation between the inability of
some ts mutants to establish latent infections in
mice and defects within specific regions of the
HSV genome.

These animal models have been established
to permit studies on HSV latency not possible
by experimentation with humans. Indeed, cer-
tain clinical observations have been reproduced
using some of these animal models. Similar to
human infections, spontaneous recurrences
occur in guinea pigs (87, 88) rabbits (63), mice
treated with prednisone (99), and mice inocula-
ted in the ear (46). Nevertheless, this has not
been the case in all systems studied. Mice ino-
culated in the footpads do not have sponta-
neous recurrences (95), and unfortunately,
when recurrences do occur in experimental ani-
mals there is neuronal destruction. This des-
truction does not permit multiple recurrences
commonly associated with humans afflicted
with herpetic lesions (93). Both neuronal des-
truction and the lack of spontaneous recurren-
ces in some animal models present direct con-
flicts with the human disease state these mo-
dels attempt to simulate.

In the absence of apparent infection, it was
proposed that the virus resided in the neuronal
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tissue in a latent state. This was substantiated
by the difficulty in establishing the presence of
the virus in neural tissue. The presence of the
virus was determined only after in vitro cultiva-
tion of explanted neural tissue for various pe-
riods after explantation. Neither virus nor virus-
specific products could be detected, either by
electron microscopy or immunofluorescence,

Table 2 — State of HSV during latency

at the time of explantation (93, 94). One noted
exception is that virions were observed by elec-
tron microscopy in the trigeminal ganglia of a
latently infected rabbit (8). However, sponta-
neous recurrences do occur in rabbits and the
presence of virus detected in these studies may
represent such an event.

State Presence’
Active replication
Virus particies 0
+
Virus-specified 0
proteins
Presence of Virus Genome
Virus DNA +
Expression of the Virus Genome
Virus RNA 0
Thymidine Kinase +

Evidence References
Electron microscopy Sievens & Cook, 1971
Electron microscopy Baringer & Swoveland, 1974
Immunofiuorescence Stevens & Cook, 1971
Hybridization Cook & col., 1974

Puga & col., 1978

Hybridization Puga & col., 1978
Enzyme assay Yamamoto & col., 1977

1+ denotes the presence and 0 denotes the absence of HSV, its genome or its products as determined by each assay

Initial HSV latency studies utilized techni-
ques that were relatively insensitive compared
to more recent methodologies. Electron mi-
croscopy and immunofiuorescence tests did
not detect the presence of HSV virions and
HSV antigens. More recent studies, however,
have detected a herpesvirus-specified enzyme,
thymidine kinase (TK) (22, 59, 64) in dorsal root
ganglia of latently infected mice (107) and sug-
gest that the HSV genome may be partially ex-
pressed. Hybridization studies have attempted
to determine whether HSV is present in a repli-
cating form during fatency and have also exa-
mined the level of HSV-specific mMRNA present
in neural tissues of latently infected BALB/c
mice. The presence of HSV-specific DNA in the
trigeminal ganglia of acutely and latently infec-
ted mice was determined by this technique
(70). Virus DNA sequences were detected in
neurons during both the acute and latent (chro-
nic) state, although an approximate 10-fold re-
duction in genome equivalents per cell was ob-
served. In contrast, virus mRNA was detecta-
ble during the acute stage (0.1 to 0.2 RNA equi-
valents per cell) while the amount present du-
ring latent infection was below detection levels
{70). The lack of detectable amounts of HSV
mRNA during latent infection contrasts
strongly with the presence of the HSV-speci-
fied TK found in the ganglia of latently infected

mice (107). Nevertheless, it must be emphasi-
zed that this type of hybridization detect the
average amount of mRNA in the total number
of cells present. It is possible that transcription
of the virus genome could occur in a small por-
tion of the cells present in the tissue without
being detected by this technique. Therefore,
active transcription and translation of virus-spe-
cific sequences can not be excluded.

Latent HSV in humans — The major line of evi-
dence supporting the presence of HSV in hu-
man neural tissue lies in the isolation of the vi-
rus from trigeminal ganglia (9, 77) and sacral
gangiia (6, 7) obtained from human cadavers.
The reactivation of HSV in humans occurs as a
result of varied chemical and physical stimuli.
Fever (14, 100), menstruation (85), excessive
cold or sunlight (32), pesticides (98), exposure
to UV light (78}, and nerve root section (11, 12,
29) have been associated with recurrences
(103). Stress of either a physiological (50) or
emotional nature also induces virus reactiva-
tion. Most recently, reactivation of HSV has
been found to occur as a result of decompres-
sion of the trigeminal nerve root (69). This new
treatment for patients with trigeminal neuralgia
resulted in the reactivation of HSV in a high
percentage of patients.
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The mechanisms involved in regulation of vi-
rus replication regulation in the body, virus di-
sappearance, and subsequent reappearance as
a result of various stimuli, are still controversial.
Many authors feel that the immune system re-
gulates the appearance of virus in the body.
Roles have been proposed for serum antibody
{37, 96), cell-mediated responses (61, 106), and
interferon (13, 52). Others feel that dual action
of the immune system is required for proper
control of HSV replication (24, 53). Evidence
supporting this proposal comes from in vitro
work {30) suggesting that neither branch of the
immune system is capable of limiting HSV repli-
cation alone but synergistic action of both cel-
lular and humoral branches is required to con-
trol HSV replication. Yet not all the reactiva-
tions observed in humans seem to imply regula-
tion by the immune response of the individual.
Numerous stimuli, such as menstruation and
pregnancy, seem to point to alterations in hor-
mone activity. This has led to the suggestion
that the control of virus reactivation may be in-
fluenced by hormone secretion, specifically
prostaglandin E,. Evidence sustaining this model
includes the release of prostaglandins after expo-
sure to UV radiation, and the presence of pros-
taglandin E, in mestrual fluid. This type of hor-
monal regulation may, in addition, reconcile
otherwise inexplicable observations. Some re-
currences in animal models have been found to
result from the action of stimuli upon the skin
and have led to the proposed ‘’skin trigger”
hypothesis (44). Recurrences have been indu-
ced by trauma as a result of repeated applica-
tions of cellophane tape (45) and plucking hair
from the original site of infection (49). These
stimuli do not alter the nervous system or im-
mune status of the host, yet they reactivate the
virus. Proponents of the skin trigger hypothesis
attribute these recurrences to the action of
prostaglandin E,. Convincing experimental ob-
servations linking the release of prostaglandin
‘E, with HSV recurrences have not been de-
monstrated. Experiments in which mice were
injected with prostaglandin E; in saline or with
saline alone showed recurrences in both groups
at comparable levels (10). i

In vitro models of HSV latency — The cell-virus
interactions which occur during latency and
reactivation have not been extensively studied
due to lack of appropriate jn vitro models. In-
deed, it seems that determination of these inte-
ractions and understanding of latency will re-

quire the use of /n vitro models. Of course jn vi-
tro models, due to their oversimplified nature,
do not permit the study of the complex array of
factors that may be involved in HSV latency in
humans. In addition, factors that may influence
virus replication /n vitro may not be of any con-
sequence /n vivo. Nevertheless, the attractive-
ness of in vitro models lies precisely in their sim-
plicity. /n vitro models can be manipulated ea-
sily, analyzed biochemically, and relatively sim-
ple conditions can be studied without the inter-
play of multiple factors.

In vitro HSV latency and persistence models
commonly attempt to inhibit the lytic replica-
tion of HSV using conditions that are the least
cytotoxic or detrimental to cell metabolism, i.e.
HSV-specific antisera, cells that are semiper-
missive or nonpermissive for HSV replication,
alteration of incubation temperature, and inhi-

bitors of DNA synthesis.

By the early 1960s, it had been demonstrated
that the addition of HSV-specific serum to the
growth medium of HSV-infected HelLa cells
produced a persistent infection (33, 102, 104).
Virus persisted in the presence of antiserum (as
determined by the formation of foci of infected

~cells), but spread of the infection resulting in

total cell culture destruction was inhibited by
the antiherpetic serum (33). Upon removal of
the serum, foci became larger and the cell
sheets were destroyed.

The lytic nature of HSV was discovered early
by the extensive cytopathology observed in
rabbit corneal cells {86) and Hela cells infected
with HSV (80). Later, it was demonstrated that
certain cells were semipermissive for HSV repli-
cation. Following infection with HSV, Chinese
hamster cells demonstrated persistent infection
with cycles of cell destruction and regrowth
(42). The mechanism of this persistent infection
is thought to be dependent upon genetically
determined cell-virus equilibrium (41}, In addi-
tion, some neuronal cell lines are semipermissi-
ve for HSV replication. Persistent infection of a
rat glioma (C143) cell line, characterized as ha-
ving various neuronal properties, was possible
upon selection of surviving cells after two suc-
cessive infections with HSV-1. Three clones
thus isolated lost the ability to produce HSV-1
after passage either in the presence or absence
of antiherpetic serum and the expression of vi-
rus-specific antigens and structures persisted
even in the absence of infectious virus (25).
Another such cell line, a clone of rat glial pri-
mary (B103) cells, expressed HSV-1 thymidine
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kinase, DNA polymerase, and some structural
proteins although there was no detectable virus
DNA synthesis (1). It appears that these cells
do not permit virus replication as in other lytic
systems. Stevens and his co-workers are at-

tempting to utilize these neuronal cells in cultu-

re to establish an jn vitro HSV latency model
and are presently studying various clones of
mouse C-1300 neuroblastoma celis infected
with either wild-type HSV or ts mutants (93) to
determine which virus products are required for
establishment of latency.

Inhibition of HSV replication in permissive
cells by alterations in incubation temperature
necessitated drastic increases to 42°C (21) or
decreases to 25°C (101, 105). Such drastic
changes in temperature proved not only inhibi-
tory to virus replication but also detrimental to
the host cells. When corneal cell cultures were
infected with HSV, (65), a marked inhibition of
virus destruction of the culture was observed at
40°C compared to 30 or 36°C.

Inhibition of HSV replication, which appears
naturally in ‘'some clones of neuronal cell lines
and other semipermissive cells, can be experi-
mentally and reproducibly induced by adding
DNA synthesis inhibitors to lytically infected
permissive cells. HSV replication has been
found to be sensitive to a wide variety of nu-
cleoside analogs. DNA synthesis inhibitors
such as 1-fB-arabinofuranosylcytosine (ara-C)
{(76), 5-iodo-2'-deoxyuridine (lUdR), and 5-tri-
fluoromethyl-2-deoxyuridine (39) not only inhi-
bit HSV replication but also inhibit cell replica-
tion. Qther compounds as 9-8-D arabinofura-
nosyladenine (ara-A) (83), arabinofuranosylthy-
mine (ara-T) (36, 58), 5-propyl-2-deoxyuridine
(15, 23), 9-(2-hydroxyethoxymethyl) guanine
(28, 84}, B'amino 2’,5'-dideoxy-5-iodouridine

{AIU) (16) have diminished detrimental effects
upon the host cells and may be useful for clinical
treatment of herpetic lesions. The mechanisms
by which many of these drugs inhibit HSV repli-
cation have not been well established; yet infor-
mation pertinent to the inhibition of virus repli-
cation has been obtained. Ara-C and ara-A inhi-
bit the replication of DNA and RNA viruses
which require a DNA intermediate as well as
cell growth. Enzymes involved in the formation
of the triphosphate forms of the nucleotides ha-
ve been ruled out as the primary inhibitors in v/-
vo {19). The triphosphorylated form ara-C is in-
corporated into DNA /n vivo (17, 40, 91) but
does not serve as a chain terminator (56). Ara-
CTP and ara-ATP competitively inhibit the utili-
zation of corresponding deoxyribonucleqtide
triphosphate in the DNA polymerase reaction
(19, 73) and ara-T is phosphorylated by the viral
pyrimidine kinase present in HSV-infected cells
(2) to its active form which blocks DNA synthe-
sis. In addition, 9-(2-hydroxyethoxymethyl)
guanine is phosphorylated by virus-specified
TK (28). It is this form that inhibits virus DNA
polymerase activity and serves as a chain termi-
nator upon incorporation into DNA.,

Recently, O'Neill and co-workers (67) utilized
the inhibition of HSV replication produced by
ara-C to produce an HSV latency model. When
HSV-infected human embryo cells were treated
with ara-C, HSV replication was blocked and
infectious virus was undetectable by plaque
formation in permissive cells. The authors not
only demonstrated the absence of detectable
amounts of infecticus virus in the presence of
25ug of ara-C/ml but also after the drug's re-
moval from the culture medium. The reappea-
rance of infectious virus occured only 5 to 11
days after reversal of drug treatment. Further-

Table 3 — Establishment of an /n vitro model of latency by treatment with ara-C in presence and absence of alteration of

incubation temperature

Conditions' and
Incubation temperature (°C)

Presence of infectious virus?

Maintain at 37°
Shift from 37° to 40°
Shift from 37° to 40°
followed by shift down to 37°

2-7d° 7-9d 9-30d >30d
0 + +
0 0 0
0 0 +

' Cultures were treated as schematically represented in Figure 3. In all cases, infected cells were treated daily with ara-C

(25ug/mi) from 0 to 7 days after infection

* As detected by plague formation in primary rabbit kidney cells, + denotes presence of infectious virus and 0 denotes un-

detectable levels of infectious virus
* Time after infection in days
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Figure 3 — Protocol for the establishment of an /n vitro model of HSV latency using ara-C. Confluent monolayers of hu-
man cells were pretreated with ara-C (26ug/ml), infected with HSV-2 at a low multiplicity of infection (0.025 to 0.1 plaque
forming units/cell) and medium containing ara-C was replaced daily for sevén days after infection. On the seventh day,
cultures were washed twice with buffer and either maintained at 37°C or shifted to 40°C. At various intervals after shift to
40°C, cultures were once again shifted to 37°C. At various times after infection, cuitures were harvested and titered by pla-
que formation in primary rabbit kidney celis. The results of these assays are presented in Table 3

shift —up shift—down
HSV-2 temperature temperature
L I i i i [ I - o - - o o e
F | { | T i | o o o o o o e o o
0 7
days post-infection
add remove
inhibitor ~inhibitor

more, this “latent’”” period has been extended
up to 128 days post-infection by elevating the
incubation temperature from 39.5 to 40°C at
the time of reversal (66). It is also noteworthy
that the concentration of ara-C (25ug/ml) utili-
zed in this system proved to have only a mild ef-
fect upon confluent monolayers of human
cells. This sytem permits the manipulation of vi-
rus replication such that the mechanism of its
disappearance and reappearance may be stu-
died.

These studies have been extended by use of
another inhibitor of herpesvirus replication,
phosphonoacetic acid (PAA)} (68, 90). Low
concentrations of PAA (20 to 40ug/ml) affect
herpesvirus replication by inhibiting virus DNA
polymerase (57) while not affecting host cellu-
lar function. A recent addition to this family of
analogs, phosphonoformate (43) has stirred ho-
pe for clinical treatment of herpetic lesions be-
cause of its apparently low toxicity, high anti-
herpetic activity, and its therapeutic effect on
herpetic lesions of guinea pigs.

Increased PAA concentrations have been
used in this system to reproduce and extend
the ara-C model. When PAA is added to HSV-
infected human embryo cells, the reappearance
of infectious virus is inhibited for-a lengthened
period of time after the removal of PAA. Similar
to treatment with ara-C, increasing the incuba-
tion temperature to 40°C at the time of PAA re-
moval also produced a period where infectious
virus was undetectable.

In summary, a system involving HSV-infec-
ted human cells has been established where vi-

rus production is blocked early during replica-
tion and the effects of such a block persist after
its removal. This model has produced a system
where HSV, a normally lytic virus, does not
reappear for extended periods of time but upon
proper stimulation, such as shifts in temperatu-
re, virus reappearance is rapid and comparable
to untreated controls.

Conclusions

What does the future hold? Perhaps the dis-
covery of one of the most fascinating aspects
of herpes virology, the mechanism of establish-
ment and maintenance of latency. Our present
understanding of HSV latency is quite limited.
Indeed, the form in which the virus is maintai-
ned within the neuron during latency and the
mechanism by which latency is established re-
main to be clarified. In theory, latency may re-
present a state induced by a virus-specified pro-
tein(s) or alternately, latency may result from
the lack of some essential function for virus re-
plication. Perhaps, latency represents a virus-
cellular interaction induced by the unique meta-
bolism of neurons which could signal the ex-
pression of a virus function necessary for la-
tency or blockage of virus replication. As pre-
viously suggested, latency may represent an
evolutionary adaptation enabling survival of a
parasite under harsh conditions. The whole me-
chanism of latency remains to be explored. Fur-
ther understanding of the regulation of virus re-
plication will probably necessitate the use of in



vitro modeis which simplify the examination of
the numerous factors involved in HSV latency.
The resolution of this intriguing phenomenon
would not only be academically satisfying but
could open new insights into the regulation of
virus replication and expression. This may, in
turn, lead to alternate routes for treatment and
prevention of recurrent herpetic lesions, and
possibly even lead to better methods of cancer
chemotherapy.
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Effect of mono and divalent cations

on growth and sexual reproduction

of Ceratocystis fimbriata, with emphasis
on Ca*? and Mg***

José C. Dianese**
& R.K. Webster***

Summary

Ca** and Mg** stimulated vegetative growth and sexual reproduction on several isolates of
Ceratocystis fimbriata. Those effects depended upon the particular isolate, concentration
of Ca" and Mg*? and N concentration in the culture media. Isolates that responded favo-
rably to Ca*? were not always stimulated by Mg*? and vice versa. Addition of Ca*? and/or
Mg*? reduced perithecial production of certain isolates depending on the N level of the me-
dium. Except for the lack of response to Ca*? and Mg*? in vegetative growth by the isolates
obtained from stone fruits there were no well defined correlations between response to
Ca*? and Mg*? and host and geographic source of the isolates.

Resumo

Efeito de cédtions mono e divalentes sobre crescimento vegetativo e reprodugdo sexual de
Ceratocystis fimbriata, com énfase em Ca*? e Mg*?

Estudou-se o efeito de vérios cétions sobre o crescimento vegetativo e reproducdo sexual
de vérias estirpes do fungo fitopatogénico Ceratocystis fimbriata. Dos cétions testados
apenas Ca*? e Mg*? tiveram efeitos estimulatérios sobre o fungo, dependendo da estirpe
considerada e também da concentrag8io dos cations e contetido de N do meio de cultura.
Conforme o nivel de N do meio, alguns dos isolados de C. fimbriata ndo foram afetados,
outros foram prejudicados, no que diz respeito a crescimento e reproducgdo sexual, pela
presenga de Ca*? e Mg*? nas concentragdes testadas. A resposta a Ca*? nem sempre cor-
respondeu em qualidade ou quantidade a resposta a Mg** e vice-versa. Em geral, ndo hou-
ve correlagfo entre as respostas dos diferentes isolados, planta hospedeira e sua distribui-
¢do geogréfica. Entretanto, Ca*? e Mg** ndo afetaram o crescimento vegetativo de nenhu-
ma das quatro estirpes provenientes de plantas do género Prunus.

Introduction

Numerous studies have been made on the ef-
fect of minerals on the growth and sporulation
of fungi {14). Two cations, Ca*? and Mg*?, have
received special attention because of their ef-
fects singly or in combination with other mine-
rals. For example, Mann (16) found that 20mM
Mg*™ was an absolute requirement for growth
of Aspergillus niger V. Tieghen and Penicillium

spp.. Growth of A. niger increased in the pre-
sence of 100-800mM Na*', concentrations nor-
mally toxic 10 most organisms, while concen-
trations of Mg*? above 200mM were inhibitory
to this fungus. When Ca*? was added to the
culture medium, the inhibitory effects of high
concentrations of Mg*? were not reversed, but
the stimulation by Na*' or Zn*? was decreased.
Brian & Hemming (3) found that Trichoderma
viride Pers. ex Fries sporulated more abundan-
tly with NalNO3 as N source when MgSO4—7 HZO

* Portion of thesis submited by senior author in partial fulfillment of requirement for Ph. D. degree, University of Califor-
nia-Davis. Supported by the Brazilian National Research Council (CNPg).
** Departamento de Biologia Vegetal, Universidade de Brasilia, 70910 Brasilia, DF, Brasil.
*** Department of Plant Pathology, University of California, Davis, California 95616, USA.
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was present in the media. Ca+2 {1 to 10mM)
stimulated sporulation of three strains of
T. viride. Steinberg (18) observed signifi-
cantly reduced growth in both Rhizoctonia so-
Jani Khuen and Sclerotium rolfsii Sacc. when
Ca*? was not present in the growth media. Sr*?
but not Ba*? partially replaced the effect of
Ca*? on growth of A. solani. Steinberg {18)
concluded that Ca*? functions as a micronu-
trient and that R. so/ani requires between 0.05
to 0.15mM Ca*? with 0.6mM Mg*? for optimum
growth. Basu (1) studied 3 strains of Chaeto-
mium globosum Kunze and reported that
0.26mM to 2.5mM Ca*? stimulated perithecial
production of 2 strains while the third produced
the maximum number of perithecia at concen-
trations ranging from 0.025 to 0.25mM. Con-
centrations of 25mM Ca*? reduced perithecial
production. Basu (1) did not test Mg*? as a re-
placement for Ca*?, but found that Ba** and
Sr*? partially substituted for Ca*?. Since Mg*?
was required for growth in addition to Ca*?,
Mg*? was considered and absolute requirement
for growth while Ca*? had only a stimulatory ef-
fect on perithecial production. He also found
that 10mM Ca*? stimulated perithecial produc-
tion and growth in several other species of
Chaetomiumm. Concentrations of 0.01 to 0.125
mM Ca*? promoted increase in the size of peri-
thecia and the number of fertile perithecia of
Chaetomium brasiliensis {2) while at 25mM fe-
wer scattered fruit bodies occurred. Ca*? con-
centrations between 0.01 to 2bmM did not sti-
mulate growth {mycelial dry weight). The effect
of 0.256mM Sr*2 and 0.256 mM Ba*? on fruiting of
this species was equal to that of 0.26mM Ca*? -
Mn*?, Fe*?, Sn*? and Pb** did not affect
growth or fruiting while Co*? and Ni*? inhibited
growth and sexual reproduction. When
0.256mM Ca*? was added to colonies after they
had reached maximum vegetative growth, as-
cospore production but not final dry weight
was increased. Thus Basu (1, 2) concluded that
Ca*™ stimulated fruiting but not vegetative
growth,

Simonart & Chow (17) studied the growth
of Aspergillus oryzae Whemer in a medium
with 3% casamino acids (Difco) as the N sour-
ce. Addition of Ca*? to the culture medium in-
creased the content of free amino acids of the
mycelium. They suggested that Ca*? favors the
formation of basic amino acids and also the de-
carboxylation of glutamic acid with the produc-
tion of amino butyric acid.

Several studies have been reported on the
the mineral nutrition of Phytophthora spp.. Lo-
patecki & Newton (15) found that from Fe~+2,
Zn*?, Mn*?, Cu*? and Mo0472, only Mo04-? was
not essential for the growth of these fungi. Ca*?
was not mentioned.

Davis (8) showed that 0.5 to 1.26mM Ca*?
was an absolute requirement for the growth
(mycelial dry weight) of three isolates of P. fra-
gariae Hickman on synthetic medium. Sr*?
could partially replace Ca*? for two of those iso-
lates while Ba*? was toxic to all of them. The
response to Ca*? was independent of the C and
N sources. However, Erwin & Katznelson
{10) observed that requirement for 2.56mM Ca*?
by P. cryptogea Pethyb. and Laff. (now consi-
dered a variety of P. megasperma (9)), P.
drechsleri Tucker, P. parasitica and P. boehme-
riag ‘Sawada was not absolute. Chee & New-
hook (7) did not observe increases in radial
growth of P. cinnamomi Rands when Ca*? was
added to a basal medium consisting of: anyone
of twenty-three different amino acids, minerals,
thiamine, agar and cholesterol. Change of the
N source did not affect the lack of response to
Ca*? by this fungus. Erwin (9) compared the
responses of two species of Phytophthora to
Ca*2. A concentration of 0.068mM of Ca*? or
Sr*? stimulated the growth of P. megasperma
and P. cinnamomi. The results for P. cinnamo-
mi are contrary to those obtained by Chee &
Newhook (7), perhaps because Erwin (9) mea-
sured dry weight instead of colony diameter
and his glassware was washed with 1% EDTA
and rinsed with deionized water, instead of a
simple detergent washing. Furthermore, Erwin
(9) carefully purified all chemicals to prevent
the introduction of Ca*? into his control me-
dium. Hodson (13) found that 18mM Ca*? did
not affect the growth of 2 races of P. infestans
in a synthetic medium. Hendrix & Guttman
{12) observed that 0.68mM Ca*? and cholesterol
could stimulate growth {mycelial dry weight) of
P. parasitica var. nicotianae in liquid medium
when NaNO, or asparagine were used as N
sources. When the N source was NaNOQ;, there
was an absolute growth requirement for either
0.68mM Ca*? or cholesterol. :

Yang & Mitchell (20) reported that Ca®?,
Mg*? and K*', all at 10mM stimulated the pro-
duction of sporangia by Pythium spp., howe-
ver, only 0.1 to 10.0mM Ca*? could promote the
formation of oogonia by the species tested.

Campbell (4) reported that perithecial forma-
tion of one isolate of Ceratocystis fimbriata Ell.
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and Halst. was greatest on a medium contai-
ning a mixture of Ca(NO,); plus asparagine and
considered that nitrate-N might be utilized in
the presence of asparagine. Further investiga-
tion (5, 6) however, showed that this isolate
could not utilize nitrate and the increase on peri-
thecial production was due to a lower asparagi-
ne-N level when CalNO,), was included as
part of the total N. With another isolate there
was an increase in perithecial production due to
the addition of Ca*? to the medium which was
further enhanced by a higher N level {3.0g/l of
asparagine) in the growth medium.

The present investigation was conceived to
expand the knowledge of the effect of Ca*? and

other cations on sexual reproduction of C. fim-
briata and its relationship to the asparagine
content of the medium. Since previous studies
did not consider the effect of Ca*? on vegetative
growth of C. fimbriata, this was also studied.

Material and Methods

Isolates As-1, Pe-4, and |-4 of C. fimbriata
were included in all experiments. To study the
effect of Ca*? and Mg*? on the species C. fim-
briata, additional isolates were tested. Host and
geographic origin of all isolates is presented in
Table 1.

Table 1 — Designation and origin of Ceratocystis fimbriata isolates studied

Origin
Isolate Hosts Locations
A-2 Almond, Prunus amygdalus Batsch. California, USA
Apr-1 Apricot, P. armeniaca L. California, USA
As-1 Aspen, Populus tremuloides Michx. Pennsylvania, USA
B-2 Crotalaria spp. Campinas, Brazil
B-8 Cacao, Theobroma cacao \.. Campinas, Brazil
B-27 Mango, Mangifera indica \.. Campinas, Brazil
C-1 Cacao, Theobroma cacao .. Turrialba, C. Rica
EC-1 Coffee, Coffea arabica L. Turrialba, C. Rica
-4 Oak, Quercus ellipsoides Hill. Minnesota, USA
P-115 Prune, Prunus domestica L. California, USA
Pe-4 Peach, Prunus persica Batsch. California, USA

Pt-1 Plane-Tree, Platanus spp.
Sweet potato, pomoea batatas Lam.

Sp-196

Mississipi, USA
Louisiana, USA

Inoculum preparation and maintenance of cul-
tures — To eliminate the possibility of transfer-
ring self-sterile and mycelial colonies that arise
frequently in this species during ascospore for-
mation (19) mycelial plugs (without perithecia)
from monoascosporic, homothallic colonies of
each isolate were transferred to piates of
Difco’s Nutrient Agar. That medium provided a
sparse, starvation-type colony without mature
perithecia. This method did not affect the futu-
re ability of the inoculum to grow and produce
perithecia, as shown by maintaining 5 isolates
at 18°C in culture tubes capped with parafilm.
The subcultures showed no change in growth
and sexual reproduction when transferred to
malt agar, at intervals up to 11 months, except
for slower growth during the first 5 days on the
new medium. Stock cultures were genetically
stable throughout the study. Inoculum for indi-
vidual experiments was prepared by transfer-
ring a piece of mycelium from a stock colony in-

to a 125ml Erlenmeyer flask containing the low
N (solid} medium described below. After 8to 15
days the endoconidia were removed, washed
by low-speed centrifugation adjusted to 10°
cells per ml. Plates of agar medium were inocu-
lated with a 2mm nichrome loop of spore sus-
pension. Plastic Petri dishes were used in all
agar medium experiments. Liguid medium ex-
periments were done in 125ml Erlenmeyer
Pyrex flasks containing 40ml of medium and
inoculated with 10° to 10° spores per flask. All
glassware had been soaked in 1M HCI for at
least 24 hours and then rinsed thoroughly in
glass distilled water. The 2 basal media were
modifications of the one used by Campbell (4).
The first called low N basal medium contained
0.75g/1 of asparagine whereas the second de-
signated high N medium contained 3g/l of as-
paragine. The following reagent grade chemi-
cals were included in both media:
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MgSO, - 7H,0 ... ..l 0.083g
KH,PO, 1.361g
KCl 0.42g
FeCl, - 6 H,0  .............. 0.24g
ZnCl, 0.15¢g
H:BO, 0.06g
CuCl, - 2H,0 ..., 0.05g
MnCl, - 4H,0 ... ... 0.04g
Na,MoO, - 2H,0 ............... 0.03g
Maltose ..o 20.0g

Glass distilled water to complete 1 liter.

The Ca*? and Mg*? salts were analyzed by X-
ray diffraction and showed no significant traces
of other ions. The cations: Ca*?, Mg*, Sr*?,
Na*', K*', Mn*?, Ba*?, Co*?, Ni*?, Cu*?, Sn*? and
Rb*' were added to the basal media, in their
chloride forms. Vitamins used in all media we-
re: thiamine  HCI (100ug/l), pyridoxine HCI
(100ug/1), biotin (5ug/l), and i-inositol (bmg/1).
They were prepared as stock solutions and kept
frozen until used.

""Difco’s Special Agar Nobel” was used in all
solid media at 2% concentration. All media we-
re adjusted to pH 5.5 and autoclaved separa-
tely. KH PO, was mixed with the other salts af-
ter sterilization and cooling of the media, to
avoid precipitation of the phosphate. Between
25 to 30ml of medium was dispensed into each
Petri dish.

Incubation procedure and measurements of
growth and perithecial production — Growth
was measured by comparing dry weights of
mycelia obtained 12 to 15 days after inoculation
of the flasks. To measure perithecial produc-
tion, inoculated plates were incubated at
24 + 1°C. Perithecia were counted 18 to 22 days
after inoculation. The perithecial index was de-
termined by counting mature perithecia with or
without ascospore masses by the method des-
cribed by Campbell (4). In this method perithe-
cia were counted by following four radii- from
the center of the colonies with a dissecting mi-
croscope using a 15 X ocular and a 6 X objetive.
The first radius was taken at random and the
other three were symmetrically spaced around
the colony. In each radial row, the first field
was counted starting at the edge of a point ma-
de at the center of the colony using the tip of a
needle. Then the plate was moved along the ra-
dius to the next field and the count started at
the outer edge of the previous one. This was re-
peated until the margin of the colony was rea-
ched.

The data presented in all tables were analy-
zed statistically, via the Bourroughs 5500 com-
puter employing a program for the Duncan’s
Multiple Range test at the 1% level. All values
are means of three replicates. To simplify the
statistical analysis and its presentation, the data
for each isolate were analyzed separately.
Thus, in the tables, for each isolate, data with
one or more letters in common are not signifi-
cantly different.

Results -

Effect of mono and divalent cations on the se-
xual reproduction of Ceratocystis fimbriata at 2
N levels — Because the presence or absence of
cations in media can affect the growth and se-
xual reproduction of fungi, several cations were
tested to determine their effect on the produc-
tion of perithecia by C. fimbriata. Two levels of
N, 0.75g/! and 3.0g/! of asparagine, were in-
cluded as basic treatments throughout the pre-
sent work. Three isolates, |-4, Pe-4 and As-1
were included in all tests because in preliminary
studies they responded differently when grown
in the presence of Ca** - Pe-4 increased its peri-
thecial production whenever 13.6mM Ca** was
present at either low or high N, and I-4 was sti-
muled by this concentration of Ca*? only in high
N medium whereas As-1 did not respond to this
cation at either N level.

1. Effect of different cations on the sexual re-
production of C. fimbriata — Experiments were
set up with treatments consisting of low and
high N basal media {controls) and the 2 basal
media plus one of several cations at a concen-
tration of 13.6mM. Ba*?, Co*?, Cu*?, Mn*?, Ni*?,
Rb*!, Sn*? and Zn*?, showed extreme foxicity to
C. frimbriata and were omitted from Table 2.
Ca*? and Mg*? were the only cations to stimula-
te sexual reproduction of 2 out of the 3 isolates
(I-4 and Pe-4) under some of the conditions tes-
ted (Table 2). I-4 was favorably affected by Ca*?
at high N but not at the low N level. Except for
Ca*?, other cations reduced perithecial produc-
tion of 1-4 at high N. -4 was not affected by
Ca*? and K*, at low N but Na*', Mg*? and Sr*?
reduced perithecial production. At either N le-
vel, Ca*? and Mg*? stimulated perithecial pro-
duction of Pe-4 and Sr*? inhibited. Perithecial
production of Pe-4 was reduced by Na*' and
K*' only at high N. Ca*? did not affect sexual re-
production of As-1 but other cations tested re-
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Table 2 — Effect of cations on perithecial production of 3 isolates of Ceratocystis fimbriata. The isolates were grown on
tow N (0.75g/1 of asparagine and C/N = 54.6) and high N (3.0g/| of asparagine and C/N = 14.9) media, with 20.0g/! of

maltose
Treatments Perithecial indices (*)

Nitrogen Cations Isolates

Level {13.6 mM) As-1 14 Po-4

Low N
Control 188 ¢ 284 d 345 d
Ca*? 191 ¢ 249 cd 439 cd
Mg*? 130b 209 ¢ 619 e
Sr? 7a 68 a 87 a
Na*' 6a 195 ¢ 355 be
K* 22a 262 cd 343 b

High N _
Control 130b 1Mb 459 d
Ca*? 132b 220 cd 771 f
Mg*? 15a 89 a 884 c
Sr*? 2a 10a 79 a
Na*! 5a 16 a 48 a
K+ 2a 44 a 57 a

(*) The values in all tables are means of 3 replicates. The data were statistically analyzed using the Duncan’s multiple range
test, at the 1% level. The data for each isolate were analyzed separately. No comparisons can be made between isola-
tes. For each isolate, means followed by the same letter are considered equal

duced it at either N level {Table 2). Further, As-
1.and I-4 were favored by low N whereas Pe-4
responded positively to high N. The addition of
the cations to the basal media sometimes chan-
ged this N response. The effect of Ca*? on |-4 at
high N can be interpreted either as a Ca*? stimu-
lation or as a reversion of an inhibition due to an
excess of N.

In a further study, cation concentration was
lowered from 13.6mM to 3.4mM. In this case,
Ca*?, Mg*?, Sr*?, Ba*?, Na*' and K*' were tested
and several changes occurred. At lower Ca*?
concentrations, the effect did not change quali-
tatively, but its intensity was reduced. Pe-4 and
i-4, but not As-1, produced more perithecia on
the Ba** medium when its concentrations was 3.4
instead of 13.6miM. Ba*? was a stronger inhibi-
tor of perithecia production than Sr*? for As-1
in low N, as well as for I-4 and Pe-4 at either N
level. In low N, As-1 was not affected by
3.4mM Mg*2. In high N, Mg*? reduced sexual
reproduction of As-1 but less than at 13.6mM.
At either N level, 3.4mM Mg*? did not inhibit se-
xual reproduction of I-4. The Mg*? stimulation
of Pe-4 was still present at low and high N al-
though at a lower level. Na*' and K*' at 3.4mM
had no effect on sexual reproduction of all 3
isolates.

Thus the toxic effects of all cations diminis-
hed (Sr*?, Ba** and Mg*?) or even disappeared

(Na*' and K*') as their concentrations were lo-
wered from 13.6mM to 3.4mM. The stimulatory
effects, however, remained present although at
a lower intensity.

As all divalent cations tested at 13.6mM (ex-
cept for Ca** and Mg*?) reduced the sexual re-
production of the 3 isolates of C. fimbriata,
they could not be used in further experimenta-
tion to equilibrate the ionic strength of the con-
trol media to that of the treatments containing
Ca*?* or Mg*?. Thus throughout this investiga-
tion the control media, having neither Ca*? nor
Mg*?, had always a lower ionic strength than
that of the treatments containing Ca*? or Mg*2.
Further, to better characterize the effects of
Ca*? and Mg*? a concentration of 27.2mM was
used, based on the 26mM Ca*? level used by
Basu (2) for C. brasiliensis.

2) The response to Ca** and Mg* in varying
combinations — Mixtures of various propor-
tions of Ca*?, plus Mg*?, adding up to a final
concentration of 27.2mM, differed in their ef-
fects on perithecial production of 3 isolates of
C. fimbriata (Table 3). Pe-4 produced more pe-
rithecia whenever the proportion of Mg*? in-
crease in the mixture of Ca*? plus Mg*, al-
though there was also a Ca*? stimulation. At ei-
ther N level As-1 had a lower perithecial index
with all Ca** - Mg*? combinations, except for
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Table 3 — Response of 3 isolates of Ceratocystis fimbriata to mixtures of Ca*? and Mg*? at a total concentration of Ca*?
plus Mg*? of 27.2mM, as expressed by changes in perithecial indices, at 2 N levels: low N : 0.75g/l and high N : 3.0g/1 of

asparagine. Carbon source: maltose 20.0g/!

Treatments Perithecial Indices (*)
Cations Isolates
N {mM)
level Ca*? Mg*? As-1 -4 Pe-4
Low
0.0 0.0 120d 138 ¢ 259 a
27.2 0.0 187 d 132¢ 442 b
20.4 6.8 86¢c 88b 459 b
13.6 13.6 92¢ 85b 514b
6.8 20.4 69b 74 b 616 ¢
0.0 27.2 56 a 75b 634 ¢
High
0.0 0.0 91¢c 84 b 475b
27.2 0.0 13a 148 ¢ 1047 d
20.4 6.8 ta 120 ¢ 1210 e
13.6 13.6 16a 65 a 1351 f
6.8 20.4 15a 24a 1371
0.0 27.2 6a 3R2a 1391 f

(*) See Table 2 for an explanation of the statistical analysis

the treatment with 27.2 mM Ca*? that did not
affect perithecial production. At high N,
27.2mM Ca*? and 20.4mM Ca*? plus 6.8mM
Mg*? stimulated I-4. As the Mg*? concentration
was increased the treatments gradually became
more inhibitory to |-4 at either N level. |-4 was
not stimulated by any of the treatments in low
N. These results confirm those of Table 2 and
they show that for As-1, 27.2mM Ca*?in high N
has an inhibitory effect not found with 13.6mM
Ca*2.

Effects of Ca*? (27.2mM) and Mg** (27.2mM)
on growth and sexual reproduction of the spe-
cies C. fimbriata represented by isolates from
11 geographical regions and 12 different hosts
— 1) Effect of Ca** on sexual reproduction —
The results indicate that isolates of C. fimbriata
differ in their response to Ca*? and to the N con-
tent of the medium. Because the species C.
fimbriata constitutes many strains with a wide-
host range and geographical distribution, a
comparison of additional isolates was done to
determine if cofrelations between Ca*? respon-
se and origin of the isolates existed. Both low
and high N media were used. Thirteen isolates
were used and they were grouped as follows:
a) isolates from temperate areas.

1. Isolated from stone-fruit trees: A-2, Apr-

1, P-115 and Pe-4.

2. Isolated from other hosts: As-1, 1-4, Pt-1
and Sp-196.
b) Isolates from the tropics: B-2, B-8, B-27, C-

1, EC-1.

Five of the 13 isolates (Table 4) responded by
an increase in perithecial production when Ca*?
was added to the medium at both N levels.
These 5 isolates were obtained from 3 different
areas, namely: 2 from California (one from Al-
mond — A-2 — and the other from peach —
Pe-4); 2 from Brazil (isolated from mango — B-
27 — and Crotalaria spp. — B-2) and the other
isolate from Mississippi isolated from plane tree
(Pt-1). Only 3 isolates responded favorably to
Ca** exclusively at low N: the B-8 strain isolated
from cacao in Brazil, EC-1 from Costa Rica iso-
lated from coffee and P-115 isolated from prune
in California. Isolates Apr-1; C-1 and |-4 (res-
pectively from: apricot-California; cacao —
Costa Rica; oak — Minnesota) were stimulated
by Ca*? only in high N whereas Sp-196 was not
affected by Ca*2. As-1 (in high N) and C-1 {in
low N) had, however, their sexual reproduction
significantly reduced by Ca*?.

The isolates from the 3 groups (isolated
from: stonefruit trees, other hosts from tempe-
rate areas and tropical plants) varied in their
responses to Ca*? and there was no correlation
between the origin (location and hosts} of the
isolates and their response to Ca** at the 2N le-
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Table 4 — Effect of 27.2mM Ca*? on the sexual reproduction of 13 isolates of Ceratocystis fimbriata at 2N level (low N:

0.75g/l and high N: 3.0g/| of asparagine)

Perithecial Indices (*)

Isolates
Low N High N
Control Ca*? Control Ca*?

A-2 166 a 251 b 176 a 210 b
B-2 1379 a 2091 b 674 a 2886 b
B-27 121 a 306 b 156 a 523 ¢
Pe-4 236 a 302 b 341 b 495 ¢
Pt-1 631 b 714 ¢ 243 a 807 d
B-8 1302 a 1877 b 1819 ab 1671 ab
EC-1 239 a 32b 154 a 114 a
P-115 128 a 186 b 159 ab 199 b
Apr-1 450 b 452 b 71a 450 b
C-1 332d 177 ¢ 26 a 119 b
I-4 354 b 268 b 77 a 351 b
As-1 193 ¢ 197 ¢ 124 b 22 a
Sp-196 562 a 1056 a 746 a 692 a

{*} See Table 2 for an explanation of the statistical analysis

vels, as expressed in perithecial indices. All iso-
lates, except for As-1 and Sp-196, favorably
responded to Ca*? at both or at one of the N le-
vels tested.

2) Effect of 27.2mM Ca*? on the growth of C.
fimbriata as it relates to its effect on sexual re-
production — Nine isolates of C. fimbriata were
used in a investigation of the influence of
27.2mM Ca*? on the vegetative growth of C.
fimbriata in liquid media (Table 5).

Of the 5 isolates that produced more perithe-
cia in response to Ca*? at either N ievel, 2 (A-2
and Pe-4) were not affected in vegetative

growth by the addition of Ca*? and 3 (B-2, B-27
and Pt-1) had a greater dry weight of mycelium
whenever Ca*? was added to the medium, but
only in high N. As far as vegetative growth is
concerned, B-8 was stimulated by Ca*? in high
N while this cation increased perithecial pro-
duction of this isolate only in low N.

Isolates Apr-1 and 1-4 were not stimulated by
the addition of Ca* at either N level although
the perithecial formation by both of them was
stimulated by Ca*2. Finally, isolate As-1 which
was not affected by Ca*? in low N but had its
sexual reproduction reduced upon addition of
this cation in high N, was stimulated by Ca**in
its vegetative growth at either N level.

Table 5 — Effect of 27.2mM Ca*? on vegetative growth of 9 isolates of Ceratocystis fimbriata in liquid media at 2N levels

(low N: 0.75g/1 and high N: 3.0g/l of asparagine)

Myecelial Dry Weight (mg) (¥)

Isolates

Low N High N
Control Ca*? Control Ca*?
A-2 96 a 96 a i36 b 141 b
B-2 101 a 109 a 9B a 166 b
B-27 94 a 93 a 105 a 165 b
Pe-4 127 a 119 a 161 b 162 b
Pt-1 116 a 123 a 100 a 168 b
B-8 118 a 117 a 127 a 163 b
Apr-1 78 a 86 a 104 b 110 b
-4 73a 82 a 104 b 99 b
As-1 105 a 142 b 150 b 173 ¢

(*) See Table 2 for an explanation of the statistical analysis
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Some correlation existed, however, between
the Ca*? effect on growth (mycelial dry weight)
and the origin of some of the isolates. For
example, all isolates from California (from stone
fruits) did not increase in vegetative growth
when Ca*? was added, although these isolates
had a higher perithecial production in the pre-
sence of Ca*? in solid medium at one or both N
levels, depending on the isolates considered.
Furthermore, all the isolates from Brazil (B-2,
B-8 and B-27) increased vegetative growth with
the addition of Ca*? to the high N medium, al-
though the perithecial formation by two of the
Brazilian isolates (B-2 and B-27) was increased
upon adition of Ca*? at either N level, the other
isolate (B-8) was not affect by Ca*? in high N
but, on the other hand, was stimulated by this
cation at low N. As far as vegetative growth
and perithecial production are concerned, the
isolates from temperate areas did not respond
as a group.

3) The effect of 27.2mM Mg** on perithecial
production and vegetative growth of C. fim-
briata and its relationship to the 27.2mM Ca**
response — To study the effect of Mg*? on the
sexual reproduction of C. fimbriata and its rela-

tion to the Ca*? response further experiments

were done using the same isolates used for the
Ca*? study. The isolates (A-2, B-2, B-27, Pe-4
and Pt-1), that responded to the addition of
Ca*? with an increase in perithecial production
at either N level, had different responses to
Mg*? except for B-27 and Pe-4 which respon-
ded equally to Ca*? and Mg*? (Table 6). Isolates
A-2 and B-27 were not affected by Mg*? at any

of the N levels, whereas, Pt-1 responded favo-
rably to Mg*? only in high N. B-8 increased its
sexual reproduction upon addition of Ca™ to
the low N medium but was not affected by
Mg*2. Apr-1 and I-4 that were stimulated by
Ca*2 only at high N were never favorably affec-
ted by Mg*2. I-4 had a lower sexual reproduc-
tion at either N level when Mg*?* was present,
while Apr-1 did not respond to Mg*? at either N
level. As-1 was negatively affected by Mg*? at
fow and high N although Ca*? did not affect its
sexual reproduction in low N and inhibited it in
high N.

Of the isolates from Brazil, only B-2 respon-
ded to Mg*? (in high N) and the other isolates
were not affected by this cation. This was diffe-
rent from the effect of Ca*? that was beneficial
to the sexual reproduction of all 3 tropical isola-
tes (B-2 or B-27 at either N level and B-8 only at
jow N). Of the isolates from California {from
stone-fruit trees) only Pe-4 responded favorably
to either Ca*? or Mg*?, while the other two isola-
tes responded to Ca*? (A-2 at either N level and
Apr-1 at high N) but not to Mg*?.

Each of the isolates from temperate areas
and hosts other than stone-fruit trees presented
a peculiar set of responses to the 2 cations at
the N levels. Pt-1 which favorably responded to
Ca*2 at both N levels was stimulated by Mg** at
the high N level, although this cation had no ef-
fect on Pt-1in the low N medium. As-1 whose
sexual reproduction was not affected by Ca*,
at low N, but was reduced by that cation in
high N was negatively affected by Mg** at ei-
ther N level. Mg*? had the same effect on isola-
te I-4 which was stimulated by Ca*? in high N
and not affected by this cation in low N.

Table 6 — Effect of 27.2mM Mg*? on perithecial production of 9 isolates of Ceratocystis fimbriata at 2N levels {low N:

0.75g/1 and high N: 3.0g/! of asparagine)

Perithecial Indices (*}

Isolates
Low N High N
Control Mg*? Control Mg*?

A-2 204 ab 303 b 110 a 130 a
B-2 954 a 897 a 1040 a 2857 b
B-27 120 a 94 a 131a 180 a
Pe-4 338 a 964 c 587 b 1175 d
Pt-1 1180 ab 1208 b 808 a 1304 b
B-8 1131 a 1430 a 1679 a 1181 a
Apr-1 445 b 442 b 228 a 216 a
i-4 261 ¢ 132b 134 b 91a
As-1 150 ¢ 119 b 98 b 41 a

(*) See Table 2 for an explanation of the statistical analysis
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Table 7 — Effect of 27.2mM Mg*? on vegetative growth of 9 isolates of Ceratocystis fimbriata in liquid medium at 2N levels

{low N: 0.75g/l and high N: 3.0g/! of asparagine)

Mycelial Dry Weight (mg) (*)

Isolates
Low N High N

Control Mg*? Control Mg*?
A-2 74 a 77 a 123 b 143 b
B-2 74 a 83b 80 ab 133 ¢
B-27 187 a 189 a 187 a 226 b
Pe-4 94 a 103 a 152 b 151 b
Pt-1 94 a 147 b 109 ab 215¢
B-8 123 a 131 a 137 a 187 b
Apr-1 99 a 96 a 124 b 129 b
-4 65 a 75 a 93 b 119 b
As-1 95 a 96 a 117 b 113 b

{*) See Table 2 for an explanation of the statistical analysis

Table 8 — Summary of the data on the effect of 27.2mM Ca*? and 27.2mM Mg*? upon the vegetative growth and sexual

reproduction of 9 isolates of Ceratocystis fimbriata at 2N levels (low N: 0.75g/| and high N: 3.0g/l of asparagine) (*)

Change in growth

1solates {mycelial dry weight)

Change in sexual reproduction
{perithecial index)

Low N High N

LowN High N

C

@
+
»

Mgu Ca+2

Mgﬂ Caﬂ Mgd Ca+z Mg+2

A-2
B-2
B-27
Pe-4
Pt-1
B-8
Apr-1
I-4
As-1

+oococococoo
OCOOCO OO+ O
+oo++o0++o0

CcCoo+ + + + + +
locot+ooo
I+ 4+ 0+ ++ + +
loo+ +o0+ 0

oo+ +o+ 4+ 0

(*) 0 means no effect; — means reduction and + means increase

Effect of Mg** on vegetative growth — A study
of the effect of Mig** on the growth of the fun-
gus in liquid medium was done in the same
manner as with Ca*? (Table 7). Two isolates (B-
8 and B-27) grew better when Mg*? was added
to the high N medium and 2 others (B-2 and Pt-
1) had more growth upon addition of Mg*? to
either low or high N medium. The other isolates
did not respond to Mg*?.

Table 8 contains a summary of the effects of
Ca*? and Mg*? on the vegetative growth and se-
xual reproduction of the 9 isolates of C. fimbria-
ta. It shows that 5 out of the 9 isolates respon-
ded to Ca** with an increase in vegetative
growth at high N and only 1 out of 9 at low N.
Four of 9 isolates were significantly stimulated

by Mg*? in high N, with all 4 responding to Ca*?
at that N level. In low N only 2 isolates respon-
ded favorably to Mg*? in growth as compared
to 1 out of 9 of the same isolates when Ca*? was
the cation added to the medium. in solid me-
dium at low N, Mg*? depressed the sexual re-
production of two isolates and stimulated the
perithecial production by another one. Ca*? was
more effective than Mg*? in stimulating sexual
reproduction of C. fimbriata at both N levels.
The addition of Ca** to the low N medium
enhanced perithecial indices in 6 of the 9 isola-
tes tested. Five of these also favorably respon-
ded to Ca*? in high N medium. Two additional
isolates were stimulated by Ca*2 only at high N.
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Discussion

In the present study, several divalent and
monovalent cations were tested for their effect
on sexual reproduction and growth of C. fim-
briata. Of those tested, only Ca*? and Mg*? sti-
mulated the production of perithecia and vege-
tative growth. The quantitative responses ob-
served depended not only on the concentration
of the cations but also on the isolate and N le-
vels. Sr*? and Ba*? have been successfully used
as total (2) or partial (1) replacements for Ca*? in
other fungi but not in C. fimbriata.

The relationship between the effect of Ca*?

and Mg*? to N concentration on sexual repro-

duction and growth of C. fimbriata cannot be
explained on the basis of the results presented.
Although this relationship exists, critical work
on the uptake and metabolism of Ca*?, Mg*?,
amino acids and sugars is needed before a con-
clusion can be reached as to the reasons for the
interdependence among nutrients.

The response of C. fimbriata to Ca*?, differs
from that reported by Basu (1, 2) in several spe-
cies of Chaetomium. In C. fimbriata Ca*?, besi-
des increasing perithecial production, stimula-
ted vegetative growth in several isolates. Ho-
wever, in some Chaetomium spp., the effect
seems to be exclusively related to fruiting and
ascospore formation since vegetative growth
was not affected even by Ca*? concentrations
of 26.0mM. No further comparison with the re-
sults of Basu (1, 2) can be made because of dif-
ferences in experimental approaches. This is
the first time that a detailed study has been do-
ne on the response of a wide range of isolates
of one species of the genus Ceratocystis.

The studies with fungi other than Ascomyce-
tes are mainly on the effect of small amounts of
Ca*?. An indispensable step for the success of
such studies was the use of highly purified che-
micals and the use of carefully washed glass-
ware. The work of Erwin (9) with Phytophthora
spp. is an example of successful methodology
in dealing with low Ca*? media.

The method used by Basu (1, 2), to quantati-
ze the Ca*? effect on perithecial production by
Chaetomium spp., was different from that of
Campbell (4) with C. fimbriata. Campbell (4)
used the concept of “perithecial index’’ as a
measure of sexual reproduction in C. fimbriata.
This concept provides a practical approach to
the guantitative evaluation of fruiting in many
fungi. His method with some minor changes,
was used throughout the present study. As

Campbell (5, 8) did not wash his glassware ei-

“ther with a chelating agent, such as EDTA, ora

strong acid, he ran a risk of working with a con-
trol with a high Ca*? content. He also used a lo-
wer phosphate concentration than in the pre-
sent .investigation. The differences may ac-
count for the lack of response of isolate |-4 to
Ca*?in his N treatment. There is also the possi-
bility that some of the physiological characteris-
tics of I-4 have changed since the time of
Campbell’s work, because of a long period of
storage in culture.

Although there is a great variability in the res-
ponse to Ca*? between isolates of C. fimbriata
the isolate L-35 (from almond), used by Camp-
bell (5, 6), responded the same way as another
almond isolate (A-2) used here. In the present -
study the fertility of the inoculum was maintai-
ned as described in the Methods section, avoi-
ding the problem encountered by Campbell (4)
of mutations to self-sterile or mycelial type co-
lonies (19).

Throughout the present investigation the ef-
fects of Ca*? and Mg*? on growth and fruiting of
C. fimbriata, as well as their relationship to the
asparagine concentrations were repeatedly de-
pendent on the isolate considered. This variabi-
lity among the isolates tested was verified when
a large number of them was studied. Further, it
was observed that the response of the various
strains of C. fimbriata to Ca*? and Mg*2 had no
relation to their origin, i. e., geographical {oca-
tions and hosts. Some isolates showed an iden-
tical response to either Ca** or Mg*2. Depen-
ding on the asparagine content in the medium
however, other isolates responded to either one
of those cations or to neither of them. Thus,
the fact that a strain of C. fimbriata responded
to Ca*? does not necessarily mean that it will al-
so respond to Mg*?, and vice versa.

Due to the low concentration of minerals at
either basal medium it seems unlikely that Ca*?
or Mg*? were protecting several strains of C.
fimbriata against a mineral toxicity. There was,
however, an inhibition of sexual reproduction in
the case of isolates Apr-1, As-1, I-4 and Pt-1
when the asparagine content of the medium
was raised from 0.75 to 3.0g/l. With all these
isolates, except for As-1, 27.2mM Ca*? could
completely reverse this inhibition. Mg*? counte-
racted the high N effect only with isolate Pt-1.
Thus Ca*? was more effective than Mg*?, in re-
versing the inhibitory effect of N for a larger
number of isolates. The fact that some of the
isolates responded to Ca*? and/or Mg*? at low
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and high N and others only at one of the N le-
vels, diminishes the likelihood of the possibility
that Ca*? and/or Mg may always be protec-
ting the fungus against the toxic effects of a N
€XCcess.

The variable response to Ca*? and Mg*? might
be due to differences in the ability of the va-
rious isolates of C, fimbriata to take up Ca*? and
Mg*2. If, however, Ca*? and Mg*? are taken up
at the same rates and amounts by the different
isolates, it might be that Ca*? and Mg*? are in-
volved in different aspects of the fungal cell
metabolism. Then, the answer may only be
found studying the role of high concentrations
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Metabolismo oxidativo de
formas de cultura de
Fonsecaea pedrosoi*
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Resumo

Com amostra de Fonsecaea pedrosoi, isolada de paciente de cromomicose, foram realiza-
dos: curva de crescimento, usando método de peso seco e experimentos de respiraco,
através do uso do método manométrico, utilizando-se diversos substratos como fonte
energética. Inibidores metabélicos foram testados em presenca de glicose. Na respiragdo
de carboidratos, frutose apresentou maior efeito estimulante sobre a respiragdo, enquanto
que trealose e lactose apresentaram estimulo menor. Sorbitol, glicose, manose, reafinose,
arabinose e galactose tiveram efeito estimulante menos acentuado, enquanto que glicerol,
sacarose e xilose ndo apresentaram qualquer estimulo. H4 grande variabilidade na resposta
energética & adigdo de carboidratos. Dos &cidos organicos testados, somente oxalacetato
produz efeito estimulante em pH 5,0. Succinato, piruvato, oxalacetato, malato e a-cetoglu-
tarato produziram fraco efeito estimulante em pH 7,0. Citrato n8o produziu efeito em ne-
nhum dos valores de pH testados. De todos os L-aminodcidos testados, cisteina apresen-
tou maior efeito estimulante sobre a respiracdo, engquanto que isoleucina, metionina e lisina
tiveram seus efeitos menos acentuados. Prolina, alanina, fenilalanina, glutamina e aspara-
gina tiveram pequeno efeito estimulante. N&o houve nenhum efeito estimulante em pre-
senca dos seguintes aminoacidos: hidroxiprolina, leucina, tirosina, arginina, acido aspérti-
co, 4cido glutdmico, triptofano, glicina, histidina, serina, treonina, valina e cistina. Todos
os inibidores metabdlicos testados inibiram a respiragdo da glicose. Foram eles: pirofosfato
de sédio, arsenito de sddio, cianeto de potassio, antimicina A, iodo-acetato de sodio e ro-
tenona.

Summary

Oxidative metabolism in culture forms of Fonsecaea pedrosoi

With a sample of Fonsecaea pedrosoi, isolated from a chromomycosis patient, a growth
curve was determined by the dry weigth method, and the respiration rates manometrically
determined in a Warburg apparatus, with the use of several substrates as energy sources.
Metabolic inhibitors were used with glucose. In respiration experiments with carbohydrates
fructose caused greater stimulation, while trehalose and lactose showed weaker effects.
Sorbitol, glucose, mannose, raffinose, arabinose, and galactose had still smalier effects,
while glycerol, sucrose, and xylose had no effect at ali. Great variability occurs in energetic
response to carbohydrate addition. Of all organic acids tested, only oxalacetate stimulated
respiration at pH 5.0. Succinate, pyruvate, oxalacetate, malate, and a-ketoglutarate sho-
wed weaker effects at pH 7.0, while citrate had no effect at either pH. Of all L-aminoacids
used, cysteine showed the greatest stimulating effect in respiration, while isoleucyne, me-
thionine, and lysine showed a lesser effect. Proline, alanine, phenylalanine, glutamine, and
asparagine had little stimulating effect. The following aminoacids caused no stimulatory ef-
fects: hydroxyproline, leucine, tyrosine, arginine, aspartic acid, glutamic acid, tryptophan,
glycine, hystidine, serine, threonine, valine, and cystine. All metabolic inhibitors used inhi-
bited glucose respiration ant these included: natrium pirophosphate, natrium arsenite, po-
tassium cyanate, antimycin A, rotenone, and iodoacetate.
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Introducéo

O fungo Fonsecaea pedrosoi tem sido isola-
do predominantemente como agente da cro-
momicose em nosso meio (15). ’

Cromomicose inclui um grupo de entidades
clinicas causadas por vérios fungos dematia-
ceos (pigmentados).

Rippon (17) agrupou a doenca em quatro ti-
pos clinicos: 1) forma verrucosa ou cromoblas-
tomicose cldssica; 2) sindrome de abscesso ce-
rebral {Cladosporiose); 3) cromomicose de cis-
tos simples ou multiplos (feoesporotricose); e 4)
lesGes mais ou menos sistémicas da patologia
variada.

O tratamento da cromomicose é dificil e as
tentativas de tratamento tém sido numerosas.
Atualmente, tem-se tentado associar anfoteri-
cina B com 5-fluorocitosina (11). Anfotericina B
é um antibiotico poliénico, altamente téxica,
enquanto que 5-fluorocitosina induz resisténcia
em casos de lesdes muito extensas e antigas
(10).

Pouco se conhece a respeito dos aspectos
biolégicos e bioquimicos de Fonsecaea pedro-
soi, com excec¢do do estudo da utilizagdo de al-
guns carboidratos e compostos nitrogenados
(14, 18). O estudo mais detalhado dos organis-
mos responsaveis por uma infecgdo, nos seus
aspectos biolégicos e bioguimicos, tem, como
uma das finalidades, fornecer subsidios para a
busca de novas drogas para o tratamento da
doenca, baseando-se no encontro de novos al-
vos especificos a serem atingidos.

Material e Métodos

Amostra — Foi utilizada amostra BVPL de Fon-
secaea pedrosoi, isolada de paciente de cromo-
micose, na Santa Casa de Beio Horizonte. A
amostra foi identificada por Oliveira & col. {15)
e confirmada por Borelli, mantida em nosso La-
boratério em meio de dgar Sabouraud-dextro-
se.

Inéculo — Para todos os experimentos, o ind-
culo foi obtido a partir de uma cultura de sete
dias de crescimento em meio sintético de aspa-
ragina (19}. O micélio era colhido e homogenei-
zado em solugdo isotbnica, em homogeneiza-
dor manual de vidro. A suspensdo de micélio
era entéo inoculada em 50ml do mesmo meio,
em frascos Erlenmeyer de 250mi e incubada a
37°C, em repouso. Para os experimentos de

Gréfico 1 — Curva de crescimento de Fonsecaea pedrosoi
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crescimento foram adicionados trés gotas de
homogeneizado de micélio, em tubo contendo
o substrato a ser utilizado, em meio de cultura,
num volume final de 5ml. Os tubos eram incu-
bados a 37°C, em repouso.

Obtengdo da massa de células — Apos os sete
dias de cultivo, o micélio era lavado trés vezes,
em tampdo fosfato pH 7,0, 0,2M por centrifu-
gacdo, a 4°C, a 18.000g. Apds, era homogenei-
zado em homogeneizador manual e ressuspen-
s0 na mesma solucdo, até se obter o valor de
turvacdo de 350 unidades Klett (fotocolorime-
tro Klett Summerson, filtro verde). Foram feitas
dosagens de proteina, pelo método de Lowry &
col. (12), no sobrenadante da suspensio mice-
lial, antes e apds homogeneizacio. NHo se
constatou extravasamento de proteina do pro-
toplasma, apds a homogeneizacdo.

Medida de crescimento — Na curva de cresci-
mento, a medida foi determinada em funcéo do
peso seco de micélio.

Meétodo manomeétrico — As medidas de consu-

mo de oxigénio foram tomadas no respirdmetro
de Warburg (Gilson Medical Eletronics Inc. —
Modelo RWB-3), a 37°C, segundo as regras do
“Manometric Techniques’ (21). Cada frasco
do aparelho continha o volume final de 3,2ml.
As leituras foram tomadas com intervalos de 60
minutos. Os valores foram calculados em mi-
crolitros de O,/hora/unidade de densidade 6ti-
ca e os resultados foram expressos, subtraindo-
se o consumo de O, do enddégeno. O efeito dos
inibidores metabdlicos foi testado em presenca
de glicose.
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Sistemas montados

Cuba central....... 0,2m| de KOH a 20%
Cuba de reacHo.... 2,6ml da suspenséo
celular + 0,2ml de &gua
{ou inibidor metabdlico)
0,2m! de substrato (100u
moles)

Tubo lateral........

Os aminoacidos usados (todos da série L-),
carboidratos, polidlcoois, acidos organicos e
inibidores metabdlicos foram obtidos da Sigma
Chemical Co., J.T. Baker, Carlo Erba, Difco,
Dyne Produtos Quimicos, E. Merck Ag. Darms-
tad e Hippo Farma.

Resultados

Amostra de F. pedrosoi apresentou uma fa-
se "lag” de dois dias, ap6s a qual cresceu até
esgotar os nutrientes do meio.

Experimentos de respiragdo — De todos os re-
sultados de experimentos de respiracdo, foram
descontados os valores da respiracdo endége-
na (Gréficos Ii, II, IV e V).

Carboidratos — A frutose, de todos os carboi-
dratos testados, foi a que apresentou maior
efeito estimulante da respiracdo (Gréafico Il).
Trealose e lactose demonstraram um estimulo
razodvel, enquanto que sorbitol, glicose, mano-
se, rafinose, arabinose e galactose tiveram seu
efeito menos acentuado. Glicerol, sacarose e
xilose ndo apresentaram nenhum efeito estimu-
“lante.

Grafico Il — Atividade respiratéria da Fonsecaea pedrosoi
frente a diversos carboidratos
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Aminodcidos — Cisteina foi que apresentou
maior efeito sobre a respiracdo (Grafico Ilf), se-
guida de isoleucina, metionina e lisina. Outros
aminoécidos apresentaram um pequeno esti-
mulo: prolina, alanina, fenilalanina, glutamina e
asparagina. Os seguintes amino&cidos ndo
apresentaram nenhum efeito estimulante: hi-
droxiprolina, leucina, tirosina, arginina, acido
aspartico, acido glutamico, triptofano, glicina,
histidina, serina, treonina, valina e cistina.

Gréfico Il — Atividade respiratéria da Fonsecaea pedro-
soi frente a diversos aminoacidos

1_FRUTOSE

- 2_TREALOSE

b 3_LACTOSE

v 4_GALACTOSE

8 80 _MANOSE

3 [l -raFiNosE

€ 60- 5_GLICOSE

- 6_ARABINOSE

5 404 7.SORB|TOL

< 8-GLICEROL SACAROSE XILOSE

& 207 {"] (] :

ASNY

3 [N om
2 3 4 5 8 7

8

Acidos orgénicos em pH 5,0 e 7,0 — Somente
oxalacetato estimulou a respiracdo em pH 5,0.
Succinato, piruvato, oxalacetato, malato e a-
ceto-glutarato estimularam fracamente a respi-
racdo a pH 7,0. Citrato néo foi utilizado em ne-
nhum dos valores de pH testados (Gréfico 1V).

Grafico IV — Atividade respiratdria da Fonsecaea pedro-
soi frente 4cidos organicos em pH 5.0 e 7.0
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Inibidores metabdlicos — A respira¢do de glico-
se foi inibida por todos os inibidores testados:
pirofosfato.de sddio, arsenito de sédio, iodoa-
cetato de s6dio, cianeto de potassio, antimicina
A e rotenona (Gréfico V).

De todos os resultados obtidos desses expe-
rimentos foram descontados os valores da res-
piracdo do enddgeno.

N&o foram testados os efeitos dos inibidores
sem a adic8o de glicose.

Gréfico V — Efeito de inibidores metabdlicos em Fonse-
caea pedrosoi
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Discusséo

A amostra de F. pedrosoi, apés uma fase
“lag”’ de dois dias, apresentou uma fase logarit-
mica menos acentuada que a observada em
Cladosporium carrionii, nas mesmas condicdes
(16).

A respiracdo estimulada por frutose foi de-
monstrada ser intensa: nossos resuitados con-
cordam com o obtido por West {22}, em Fhiaio-
phora verrucosa e por Silva (18}, em F. pedro-
soi. A utilizagdo de glicose foi baixa, resultado
que entrou em desacordo com os experimentos
nutricionais de Silva (18}, que admitiu ser esse
carboidrato tdo eficiente quanto a frutose no

crescimento de F. pedrosoi. P. verrucosa, no.

entanto, apresenta utilizacdo de glicose em ni-
veis semelhantes ao de F. pedrosoi (22). Niveis
superiores a 100% de estimuio da respiracdo
endogena foram obtidos pelo mesmo método

em Cladosporium carrionii (16}, com a frutose.

Baixo estimulo como substrato energético foi
observado também com galactose, manose e

rafinose. No caso da galactose, nossos resulta-
dos foram diferentes dos de Montemayor (14),
com F. pedrosoi e os obtidos com C. carrionii
(16). A utilizacdo de lactose sugere a presenca
de -galactosidase no parasita. Esta hipétese é
reforcada pela resposta positiva, frente & galac-
tose. Inclusive, o nivel de estimulo produzido
pela lactose correspondente aproximadamente
4 soma dos estimulos produzidos por glicose e
galactose. A nfo utilizacdo de outros oligossa-
carides testados poderia ser devida a auséncia
de enzimas hidroliticas especificas, no fungo. A
rafinose, por exemplo, também pouco utilizada
por P. verrucosa (22), deveria produzir estimulo
da ordem de 30uf O,/hora, no caso do micror-
ganismo possuir as enzimas. A auséncia de f3-
frutofuranosidase é também evidente {Gréfico
I1). Ao contrério, niveis evidentes de enzimas
implicadas na hidrélise de sacarose e rafinose
parecem estar presentes em C. carrionii {16).
Baixo estimulo foi produzido por arabinose em
F. pedrosoi, o mesmo ocorrendo com C. carrio-
nii {16). Entretanto, o glicerol, ndo utilizado por
F. pedrosoi, alcancou niveis de estimulo préxi-
mos a 100% em C. carrionii (16). A ndo utiliza-
¢80 de glicerol poderia ser conseqliéncia de
uma auséncia do sistema quinase, implicado na
sua transformac8o em a-glicerofosfato (1) ou
auséncia do sistema a-glicerofosfato desidro-
genase. Sorbitol apresentou baixos niveis de
estimulo, enquanto que xilose ndo foi utilizada
por F. pedrosoi. Em P. verrucosa, xilose foi
pouco utilizada (22). Os resultados apresenta-
dos no Gréfico Il demonstram uma grande va-
riabilidade na resposta energética a adicdo de
carboidratos, conforme preconiza Hawker (5).
C. carrionii e F. pedrosoi apresentam grande
variabilidade nutricional entre si, havendo
maior concordancia dos resultados entre F. pe-
drosoi e P. verrucosa.

O Unico acido organico capaz de estimuiar a
respiracdo em pH 5,0 foi o oxalacetato. Os res-
tantes, com excecdo do citrato {(Gréfico 1V), fo-
ram utilizados apenas em pH 7,0. Tal fato entra
em desacordo com os dados observados na
maioria dos trabalhos na literatura (2, 4, 20, 23),
onde a maior permeabilidade dos &cidos organi-
cos & observada em sua forma anibnica. Esse
fato, entretanto, é observado da mesma manei-
ra em C. carrionii (16). A ndo utilizac8o de citra-
to, por ambos os microrganismos, poderia es-
tar associada a algum bloqueio ou inexisténcia
de um sistema de permease, ou, ainda, ausén-
cia de enzimas implicadas em sua metaboliza-
cdo. Esses resultados, assim como a acdo do
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arsenito e pirofosfato de sédio (Grafico V), ini-
bidores respectivamente dos complexos a-ce-
toglutarato desidrogenase e desidrogenase
succinica, sugerem a existéncia de um ciclo dos
4cidos tricarboxilidos funcional, com finalidade
energética ou pelo menos biossintética.

Dos amino4cidos testados, a cisteina forne-
ceu maior estimulo sobre a respiracdo. Nos da-
dos do Gréafico il foram descontados os puf de
0, consumidos em funcdo da oxidagdo espon-
tanea da substancia. Com a nédo utilizacdo de
cistina, é provavel haver blogueio ou inexistén-
cia de sistemas de permeacdo para este tltimo,
ou, ainda, inexisténcia de cistina redutase, uma
vez que o restante da via de degradacdo de cis-
tina é usualmente idéntica a de cisteina (3).

Metionina e isoleucina foram utilizadas em
proporcdes semelhantes. Ambas véo levar ao
mesmo produto final: succinil-CoA. A utiliza-
¢do de metionina era esperada, uma vez que
sua degradacdo forma, como uma das possibili-
dades, cisteina. Lisina, em menores proporgoes
gue metionina, foi estimulante da respiragéo.

A utilizacdo de prolina provavelmente envol-
ve o sistema prolina oxidase, proposto para
Leishmania donovani (9) e para T. cruzi (4).

A utilizacdo da alanina, nas mesmas propor-
cBes que piruvato, sugere a participacéo de um
sistema aminotransferase, transformando ala-
nina em piruvato. Fenilalanina mostrou-se fraco
estimulante da respiracdo. O catabolismo de fe-
nil-alanina ndo seria mediado pela fenilalanina hi-
droxilase, com formacéo de tirosina, uma vez
que essa ndo é utilizada. E provavel que haja
participacdo de uma transaminase, com forma-
cdo de 4cido fenilpiravico (7).

Com a finalidade de se obter dados para a
compreensdo do sistema de transporte de elé-
trons na forma micelial do microrganismo, fo-
ram utilizados inibidores metabdlicos que agem
nos sitios abaixo relacionados (8, 13):
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Rotenona: inibe o complexo | da cadeia res-
piratdria, impedindo a oxidagdo
do NADH, :

Antimicina A: citocromo b, citocromo C,
Cianeto de potassio: citocromo a + a;

A succinico desidrogenase de F. pedrosoi foi
evidenciada pela inibicdo promovida pelo piro-
fosfato de sddio. A inibicdo provocada por anti-
micina A sugere a existéncia de citocromobeo
mesmo efeito, observado em presenca de cia-
neto de potassio, revela a possibilidade de um
citocromo a + a, funcional. A diferenca per-
centual de inibicdo, provocada por diferentes
concentractes de cianeto, sugere como uma
das possibilidades a dicotomizacdo na cadeia
de transporte de elétrons a partir do citocromo
b. A concentracdo M/1.000, de cianeto, inibe
50% da respiragdo, enquanto que M/150 inibe
100%, ou seja, apenas altas concentracdes de
cianéto inibiriam ambos os ramos da cadeia de
transporte de elétrons propostos por Hill (6).
Por outro lado, o cianeto n&o inibe certas rea-
¢bes que consomem oxigénio, como as rea-
cdes que envolvem o fon superdxido e a agua
oxigenada.

Torna-se necessario um estudo mais amplo
dos componentes enzimaticos do microrganis-
mo, assim como de outros agentes da cromo-
micose. O melhor conhecimento da fisiologia
de F. pedrosoi virda também esclarecer proble-
mas relacibnados com os mecanismos da doen-
ca, permitindo ainda o desenvolvimento de um
meio quimicamente definido, com balancea-
mento fisiolégico adequado, possibilitando, em
conseqtiéncia, a identificacdo, isolamento e ca-
racterizacdo de substancias imunogénicas. O
presente estudo abre ainda, perspectivas de
trabalho, como, por exemplo, permitir o uso do
método respirométrico, para o “‘screening’’ de
drogas anti-fangicas, com grande facilidade.
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Resumo

Exame de linfonodos submaxilares em 490 suinos de abate, colhidos ao acaso, procedente
de nove municipios do Estado de Minas Gerais. Em 22 (4,4%), foram encontradas lesGes
macroscépicas semelhantes as da tuberculose. O exame bacteriolégico destes érgdos e de
mais 216 linfonodos aparentemente normais, permitiu isolar 63 culturas de micobactérias,
sendo uma de Mycobacterium bovis, 58 do complexo M. avium-intracellulare-scrofula-
ceum e quatro de M. gordonae. A sorotipagem das micobactérias do complexo MAIS per-
mitiu identificar representantes de 10 sorotipos, destacando-se a prevaléncia dos sorotipos
7 e 15. N8o foi encontrado nenhum dos trés sorotipos de M. avium.

Summary

Mycobacteria isolated from pigs of Minas Gerais, Brazil

Twenty two {4.4%) out of 490 lymphonodes from slaughtered pigs showed tuberculous-li-
ke lesions. The bacteriological examination of these and other 218 lymphonodes without
macroscopic alterations revealed 63 mycobacteria: one strain identified as Mycobacterium
bovis, 58 belonging to the M. avian-intracellulare-scrofulaceum complex and four classified
as M. gordonae. The serological characterization of the MAIS complex revealed members
from 10 serotypes. The most prevalent serotypes were 7 and 15. No M. avium serotypes
were found.

Introducdo

O suino pode ser considerado excelente sen-
tinela epidemiolégico da tuberculose e das mi-
cobacterioses do homem e animais, no meio
rural, pois é susceptivel & infeccdo por Myco-
bacterium tuberculosis, M. bovis, vérios soroti-
pos do complexo M. avium-intracellulare-scro-
fulaceum e, ainda esporadicamente, outras mi-
cobactérias oportunistas. Os linfonodos sub-
maxilares e os mesentéricos constituem filtros
bioldgicos, a partir dos quais sdo isoladas, mais
freqlientemente, as micobactérias.

O exame de amostragem representativa de
suinos de uma regido, em que a maioria dos fa-
zendeiros cria ou mantém porcos, permite ava-
liar a situacdo epidemioldgica da tuberculose e
das micobactérias da populacdo humana e das
espécies animais. Além disso, orienta os inspe-
tores de carne sobre a etiologia das lesdes tu-
berculéides e alerta o veterinario sanitarista pa-
ra o problema das reacGes inespecificas, que
podem ser encontradas na tuberculinizacéo de
bovinos.

Visando estes objetivos, foram feitas pesqui-
sas em suinos do interior do Parané (8), do lito-

* Trabalho apresentado no IX Congresso Brasileiro de Microbiologia, Belo Horizonte, jutho 1978.
** Delegacia Federal de Agricultura do Estado de Minas Gerais, Av. Raja Gabaglia, 245, 30.000 Belo Horizonte, MG.
*** EMBRAPA — Patologia Animal, Km 47, Rodovia Rio-S&o Paulo, 23.460 Seropédica, Rio de Janeiro, RJ.
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ral e do agreste de Pernambuco (9), da regido
de Brasilia (10}, do Rio de Janeiro (11) e do Pa-
rand e Sdo Paulo (5), examinando linfonodos
lesados e aparentemente normais de suinos de
abate.

Neste trabalho, sfo relatados os resultados
do exame de 490 materiais de suinos, oriundos
de nove municipios do Estado de Minas Gerais,
em cujas fazendas se cria habitualmente boni-
vos de leite, suinos e aves.

Material e Métodos

Coleta de material — No matadouro, foram co-
lhidos, ao acaso, os linfonodos submanxilares de
490 suinos recém abatidos, procedentes dos
seguintes municipios.

Municipios N? de materiais
Alvinopolis 49
Vespaciano 111
Jequitiba 42
Pitangui 58
Montes Claros b5
Matosinho 57
Betim 30
Igarapé 53
Pedro Leopoldo 35

A maioria dos suinos abatidos era de mesti-
cos de varias racas, predominando a raca na-
cional Piau. S8o animais rasticos, com desen-
volvimento mais lento, pois atingem o ponto de
abate (= 100kg de peso vivo) entre 1 e 2 anos
de idade. A maioria dos suinos foi criada em
currais coletivos, sendo confinados para ceva
trés a quatro meses antes do abate.

Cada material foi col )
em pequeno sacoe plastico, por ocasido da col
ta, transportado, em gelo, até o laboratério e
conservado a temperatura de —20°C, até a hora
do exame, realizado dentro de oito a 10 dias.
Foram submetidos ao exame bacteriolégico 22
linfonodos submaxilares portadores de lesdes
macroscopicas semelhantes as da tuberculose
e 216 aparentemente normais,

neads epanarad
OCaGl sCparad
{9}
C

Exame bacteriolégico — No laboratério, cada
material era despido do tecido adiposo envol-
vente, mergulhado sobre papel esterilizado. O
linfonodo era inspecionado, enquanto era sec-
cionado em fatias de dois a trés mm de espes-

sura. Para cada material era utilizado novo pa-
pel e instrumental recém-esterilizado. Dos 6r-
géos lesados, transferia-se, para o gral, a parte
alterada, com apenas pouco tecido normal e de
cada material, fazia-se semeadura em agar-san-
gue, antes da descontaminacdo. Dos linfono-
dos, aparentemente normais, retirava-se, de
vérias partes do érgdo, fragmento com cerca
de duas gramas que era triturado em gral e
areia estéreis. A descontaminacio era feita
com solucdo de acido sulfirico a 6%, na pro-
porcdo de 1:6 do material, durante 30 minutos,
incluindo-se a centrifugacdo de 15 minutos a
2.000rpm. O depdsito era lavado duas vezes em
10mi de soro fisioldgico e, depois, semeado no
meio de Lowenstein-Jensen com glicerina, em
tubos de ensaio com dispositivo que permite a
aeracdo da cultura. O mesmo material também
foi semeado no meio de Léwenstein-Jensen
sem glicerina, em tubos de ensaio que ndo per-
mite entrada de ar. As culturas eram incubadas
em estufa bacterioldgica, a 37°C, durante 2 me-
ses, fazendo-se controles bi-semanais para o re-
gistro do crescimento, forma e coloragdo de co-
I6nias suspeitas. Quando estas atingiam desen-
volvimento adequado, eram feitos controles
microscopicos, em esfregacos e subculturas,
para o processo de identificacdo.

Comportamento bioquimico — Com um Unico
tubo de cultura com crescimento abundante fo-
ram feitos os testes de niacina, de catalase a
temperatura ambiente e a 68°C e de reducdo de
nitratos, o que permite diferenciar M. tubercu-
losis e M. bovis entre si e de outras micobacté-
rias {2, 3).

As micobactérias, ditas atipicas, além do
controle da velocidade do crescimento e da
producdo de pigmento no escuro e na luz, fo-
ram submetidas as provas de arilsulfatase (rapi-
da € tenta), hidrdlise do Tween {gos cinco e 21
dias), reducdo de telurito {aos trés dias), atra-
vés das quais era possivel reconhecer as mico-
bactérias do complexo M. avium-intracellulare-
scrofulaceum. As culturas restantes ainda fo-
ram submetidas aos testes da urease, da pirazi-
namidase e da nicotinamidase.

Identificagdo sorolégica — As culturas, que
bioquimicamente apresentaram caracteristicas
do complexo M. avium-intracellulare-scrofula-
ceum, foram estudadas sorologicamente (18).
Soros e culturas padrdes, procedentes do Na-
tional Institute of Health, Bethesda, Maryland,
USA, serviram de referéncia para 0s soros pro-
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duzidos em nosso laboratério, compreendendo
os sorotipos: 1,2, 3,4,6,7,8,9, 10, 11,12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 41, 42 e 43.

Quando necessario, a especificidade da pro-
va de soro-aglutinacdo foi testada pela absor-
cdo de aglutininas (18).

Resultados

A inspecdo macroscopica dos dois linfono-
dos submaxilares em 490 suinos de abate per-
mitiu evidenciar 22 (4,4%) 6rgdos portadores
de lesdes semelhantes as da tuberculose. Na
maioria dos casos, as lesGes apresentam-se sob
forma nodular contendo, massa caseosa, ora
mais ou menos seca, de cor branca-amarelada,
medindo entre um e sete mm de diametro. Fre-
glientemente, havia dois ou mais nédulos no
mesmo 6rgdo. Ndo foi possivel diferenciar, pela

inspecdo macroscopica, as lesdes tuberculosas
das tuberculoides.

O exame bacterioldgico dos 22 materiais per-
mitiu isolar apenas uma cultura de Mycobacte-
rium bovis, duas de M. intracellulare sorotipo 8,
nove de Corynebacterium equi e uma de C. pyo-
genes.

O exame bacteriolégico de 216 linfonodos,
aparentemente normais, permitiu o isolamento
"de 60 culturas de micobactérias, das quais 56
apresentavam as caracteristicas culturas e bio-
guimicas do complexo MAIS e quatro compor-
tavam-se como M. gordonae. Foram também
isoladas 17 culturas de Corynebacterium equi.

A caracterizacdo soroldgica das micobacté-
rias do complexo MAIS revelou que 46 amos-
tras pertenciam a 10 sorotipos de M. intracellu-
/are, quatro ndo foram tipaveis e oito se filiaram
aos ‘trés sorotipos de M. scrofulaceum. A Ta-
bela 1 resume as caracteristicas culturais, bio-
quimicas e a prevaléncia dos sorotipos, desta-
cando-se os sorotipos 7 e 15 dos demais, pela
alta freqléncia.

Tabela 1 — Caracteristicas culturais, bioquimicas e sorolégicas das micobactérias isoladas

Catalase

Telurito

o .
amss.tges Cr\{azlc:?;. Pigmento Niaciqa T.A. 68°C Nitratase g\r-'ljzlf;:: g‘-N;e r:ﬂas 3 dias Sorotipos Espécies
1 Lenta - - + - - M. bovis*
4 ' - - + + - - + - - + 4 M. intracellulare
3 " - - + o+ - -+ = - + 6 N “
16 i - - + o+ - - 4+ - - + 7 " "
6 " - -+ 4 - -+ - - + 8 " "
1 " - - + o+ - - 4+ - - + 9 i N
1 " - - + 4 - -+ - - + 13 ! y
12 ” - - + o+ - - 4+ - - + 15 ! N
1 " - - + 4+ - -+ = - + 16 ! !
2 " - - + o+ - -+ = - L 17 ” !
1 " - - + o+ - -+ - - + 18 " !
4 " - -+ o+ - -+ - - + ** N "
2 " + - + o+ - () + - 4+ - 41 M. scrofulaceum
4 " + -+ o+ - &+ -+ - 42 " "
2 " + -+ o+ - -+ - % - 43 " "
4 g + - + o+ - () + + 4+ - HEE M. gordonae

* Confirmado por inoculagdo em cobaio
** ndo tipaveis sorologicamente
*** ngo identicadas sorologicamente

Discussao

Comparando-se o resultado do exame bacte-
rioldgico dos 22 linfonodos portadores de le-
sBes macroscopicas e dos 216 6rgéos aparente-
mente normais verificou-se, com surpresa,
maior proporcdo de isolamento de culturas de
micobactérias dos linfonodos macroscopica-

mente ndo lesados, respectivamente 13,6% e
25,9%.

O exame bacteriolégico dos 22 linfonodos le-
sados demonstrou que, em apenas trés casos
(13,6%), foi possivel isolar micobactérias; em
10 (45,4%), Corynebacterium sp.; €, em nove
casos (40,9%) ndo puderam ser isolados agen-
tes causais. Este achado difere muito ao do en-




32 Pedro M. P. C. Mota, Charlotte H. Langenegger, R. C. Leite & J. Langenegger

contrado no Parand (8), em que, de 62 linfono-
"dos lesados, foram isoladas 41 (66,1%) culturas
de micobactérias. Mas assemelha-se ao de Per-
nambuco (9), no que se refere 3 alta incidéncia
de Corynebacterium equi.

Por outro lado, comparando-se os resultados
observados aos obtidos com a pesquisa realiza-
da com suinos de Brasilia {10), verifica-se que,
entre estes, hd em comum, o alto percentual de
lesbes das quais ndo puderam ser isolados
agentes etioldgicos. A presenca de lesBes, apa-
rentemente estéreis, poderia ser justificada
com as observacdes feitas por Brooks (4) e Lo-
veday- (12), que admitem ocorrer autocuras e
resolucdes de lesGes, em suinos mais velhos.
Isto se aplicaria a nosso caso, pois, tratando-se
de suinos de raca mista e de desenvolvimento
mais lento, estes, ao invés de atingirem o ponto
de abate aos seis meses, o alcancam entre a
idade de um a dois anos.

O exame bacteriolégico de 216 linfonodos
submaxilares, aparentemente normais, permi-
tindo o isolamento de 60 micobactérias (23,9%
dos 6rgdos), demonstra que os linfonodos sub-
maxilares também agem como eficiente filtro
biologico, para micobactérias com reduzida
acdo patogénica e assegura, ao suino, o papel
de bom sentinela epidemiolégico da tuberculo-
se e das micobacterioses. Castro & col. (5), ob-
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Aglutininas anti Yersinia
enterocolitica e anti
Yersinia pseudotuberculosis
em soros humanos®
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Resumo

Pesquisa de anticorpos anti Y. enterocolitica dos sorotipos 03, 08 e 09 e anti Y. pseudotu-
berculosis dos grupos Ol e Ol em soros de 1.609 pacientes. A técnica empregada foi a de
aglutinagéo em ladmina e em tubo, sendo considerados positivos os soros com titulos igual
ou superior a 1:80. Os soros com aglutininas anti Y. enterocolitica do sorotipo 09 foram ab-
sorvidos com antigenos preparados com Brucella abortus e aqueles com aglutininas anti Y.
pseudotuberculosis do grupo Oll, com antigenos preparados com Salmonella schleiss-
heim. Cerca de 1% dos soros examinados revelaram-se positivos para Yersinia enterocoliti-
ca (Y. enterocolitica O3 - 0,62% e para Y. enterocolitica 09 - 0,37%). Observou-se reacédo
cruzada entre Y. pseudotuberculosis Oll e Salmonella do grupo B. Conclui-se pela baixa
freqiiéncia desses anticorpos na populacio examinada.

Summary

Anti Yersinia enterocolitica and anti Y. pseudotuberculosis agglutinins in human sera

A study of the antibodies anti Yersinia enterocolitica of serotypes 03, 08 and 09 and anti Y.
pseudotuberculosis of groups Ol and O, in sera of 1,609 patients. The procedure used was
the agglutination on slides and in tubes. The sera considered positive were those with titles
equal or superior to 1:80. Sera with agglutinins anti Y. enterocolitica of serotype 09 were
absorbed by antigens prepared with Brucefla abortus while those with agglutinins ant Y.
pseudotuberculosis of groups Oll, were absorbed using antigen prepared with Sa/monella
schleissheim. About 1% of the sera examined were positive to Y. enterocolitica (0,62% for
the serotype 03 and 0,37 for the serotype 08). A cross reaction was observed between Y.
pseudotuberculosis Oll and Salmonella of group B. It was thefore established that there
was a low incidence of these antibodies among the population examined.

Introducéo

As espécies Y. enterocolitica e Y. pseudotu-
berculosis fazem parte da familia £n
riaceae (4).

Segundo Mair (15, 16) e Mollaret (18), a prin-
cipal entidade clinica devida a Y. pseudotuber-
culosis é a linfoadenite mesentérica aguda,
ocorrendo principalmente entre jovens do sexo
masculino, na faixa etéria compreendida entre 5
€ 15 anos. O quadro ciinico é de apendicite agu-
da ou sub-aguda. Na maioria dos casos, a lapa-
ratomia revela apéndice normal ou ligeiramente

tornh
wnRterog

inflamado. os linfonodos mesentéricos, espe-
cialmente aqueles do angulo fleo-cecal, estdo
inflamados e o mesentérico, freqlientemente,

apresenta vermelhiddo difusa ou limitada a re-
gido dos nodulos linfaticos afetados. Algumas

vezes, o ileo e o ceco terminal apresentam ede-
ma hiperémico grosseiro, o qual pode ser con-
fundido com tumor maligno ou Doenca de
Chron. Ao lado da forma apendicular, apare-
cem, menos freqlientemente, enterite aguda,
intussepcédo aguda ou eritema nodoso, os quais
ocorrem durante o curso de uma linfoadenite
mesentérica aguda. Outras formas clinicas, de-

* Trabalho realizado com Bolsa de Iniciacdo a4 Pesquisa da FAPESP (Processo Médicas 77/0841),
** Faculdade de Ciéncias Farmacéuticas, Campus de Araraquara — Universidade Estadual Paulista “Julio de Mesquita Fi-

lho”, 14800 Araraquara, SP.
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vidas a Y. pseudotuberculosis, s&o a septicemia
e pUrpura reumatéide, entre outras menos fre-
qlentes.

Estudos sobre Y. enterocolitica sdo bem mais
recentes que os sobre Y. pseudotuberculosis,
pois somente a partir de 1964 é que a primeira
espécie passou a constituir uma entidade bac-
teriana (6).

De acordo com Mollaret (17), dois tergos dos
casos de infeccdo por Y. enterocolitica apare-
cem sob a forma de enterocolite, afetando prin-
cipalmente criangas de até sete anos. O princi-
pal sintoma é a diarréia, que pode ser o unico,
ou que pode ser acompanhado por dores abdo-
minais difusas. A temperatura varia de normal a
39°C ou mais e ha variacio das condi¢Bes ge-
rais. O quadro clinico € muito semelhante ao
produzido por Salmonella, Shigella ou E. coli
enteropatogénica. As outras formas clinicas de
infeccdo por Y. enterocolitica podem ser: lin-
foadenite mesentérica, ileite terminal aguda,
eritema nodoso, sendo estas entidades clinica-
mente indistinguiveis das causadas por Y.
pseudotuberculosis. Aparece também sob a
forma septicémica e artritica.

Foram descritas reacdes cruzadas entre Y.
enterocolitica do sorotipo 09 com Brucella (6} e
entre os sorotipos 08, 014, 016, 017, 018 e
021 com diferentes fatores somaticos de Sa/-
monella (7).

Varios autores tém demonstrado relacGes an-
tigénicas entre Y. pseudotuberculosis dos gru-
pos Oll, OIV e OVI com fatores somaticos de
Salmonella, de E. coli e de Enterobacter cloa-
cae, conforme relatado por Falcdo & col. (7).

Os sorotipos de Y. enterocolitica, que predo-
minam entre aqueles causadores de infec¢bes
humanas, em paises europeus, Canada, Japéo
e Africa do Sul, sio o 03 e 0 09 (6). Nos Esta-
dos Unidos, ha predominéncia do sorotipo 08,
seguido do 05 (13, 27).

No que diz respeito a Y. pseudotuberculosis,
ha grande predominancia do sorogrupo Ol, se-
guido do sorogrupo Oll (12, 16).

O diagnéstico laboratorial de infeccdes por
Y. enterocolitica e Y. pseudotuberculosis pode
ser bacteriolégico, sorolégico ou anatomo-pa-
tolégico.

Essas duas espécies tém sido estudadas em
todo o mundo, relatando-se nimero cada vez
maior de isolamentos e de formas clinicas, sob
as quais sdo caracterizadas. Isto néo tem ocor-
rido na Ameérica Latina, onde s&o raras as refe-
réncias sobre isolamento dessas bactérias, ha
apenas o relato de isolamento de Y. pseudotu-

berculosis, de caso humano na Argentina (10).
Quanto a Y. enterocolitica, a espécie isolada a
partir de abscessos hepéticos, em macacos, em
S3o Paulo (11, 22); a partir de fezes de porcos,
em Botucatu, Sdo Paulo (comunicagdo pes-
soal); a partir de fezes de criancas, em Arara-
quara, S8o Paulo (24); em S&do Paulo (8) e no
Rio de Janeiro (25).

Em vista da escassez de dados, sobre o isola-
mento dessas bactérias, em nosso continente,
propusemos-nos a investigar se sdo raramente
isoladas entre nos, devido & quase inexisténcia
ou por falta de melhor conhecimento de suas
caracteristicas.

O presente trabalho relata a ocorréncia de in-
feccBes devidas a Y. enterocolitica e Y. pseu-
dotuberculosis, em nosso meio, através da pes-
quisa de aglutininas contra os sorotipos mais
freqlientes das duas espécies bacterianas, em
soros humanos, procurando detectar contatos
anteriores, de nossa popuiac8o, com as bacté-
rias.

Material e Métodos

1 — Antigenos testados — Foram preparados
antigenos com amostras de VY. enterocolitica
dos sorotipos 03, 08 e 09 e com amostras dos
grupos Ol e Oll de Y. pseudotuberculosis.

2 — Preparo dos antigenos — As amostras fo-
ram cultivadas em “Soy Broth”, durante 36 ho-
ras, a 22°C. Apos, foram semeadas em placas
de “Blood Agar Base’’, incubadas durante 36
horas a 22°C e o crescimento retirado com sali-
na formolinizada, a 0,5%. A suspensdo, apos
uma hora de repouso, era centrifugada, a baixa
temperatura, durante cinco minutos. A seguir,
a massa de células.era novamente ressuspensa,
em salina formolinizada e centrifugada.

O sedimento, a seguir, era diluido adequada-
mente, para constituir o antigeno das reagdes
de aglutinagdo, em lamina e em tubo.

3 — Soros examinados — Foram pesquisados
anticorpos contra Y. enterocolitica e Y. pseu-
dotuberculosis, em 1.609 soros humanos, as-
sim distribuidos:

a — 854 soros a serem submetidos a exames
sorolégicos de rotina

b — 191 soros de individuos com quadro cli-
nico de apendicite aguda, a serem sub-
metidos a cirurgia
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¢ — 559 soros a serem submetidos a provas
reumaticas

d — 5 soros de individuos com eritema no-
doso.

Os soros de individuos com eritema nodoso
foram coihidos pelo pessoal do Departamento
de Dermatologia da Faculdade de Medicina de
Ribeirdo Preto. Sdo em pequeno nimero por-
que poucos foram os pacientes, com esse qua-
dro clinico, que procuraram aquele Departa-
mento, no periodo em que os estudos foram
realizados.

4 — Pesquisa de anticorpos — Cada soro foi
testado com os cinco antigenos, em aglutina-
¢éo em ldmina. Para a realizacdo deste teste, os
soros eram diluidos a 1:10 e os antigenos usa-
dos em solugdo concentrada padronizada. Este
teste serviu como triagem. Todos os soros que
aglutinavam, com um ou mais antigenos, eram
submetidos a teste de aglutinaciio em tubo.

Para a realizag8o da aglutinacio em tubo, os

soros foram diluidos e adicionados dos antige-
nos, dando a diluicdo inicial de 1:20. Usou-se
antigenos diluidos & concentracdo semelhante
a do tubo 3, da Escala de MacFarland. A incu-
bacéo foi realizada em banho-maria a 48-50°C,
durante 24 horas. Foram consideradas reaces
positivas aquelas com titulo superior a 1:80 (29,
30).

Na fase inicial do trabalho, todos os soros
eram submetidos, ao mesmo tempo, a reacdo
de aglutinacdo em tubo e aglutinacio em lami-
na. Apés o estudo de 200 amostras, observou-
se perfeita correlacdo dos resultados das rea-
cbes positivas para os dois testes. Passou-se
entdo a realizar a triagem, com teste de agluti-
nacdo em lamina e a realizar aglutinacdo em tu-
bo, apenas dos soros positivos nos testes em
ldmina.

5 — Absorcdo dos soros — Os soros positivos,
quanto & presenca de anticorpos contra Y. en-
terocolitica sorotipo 09 e Y. pseudotuberculo-
sis do grupo Oll, foram absorvidos, respectiva-
mente, com Brucella abortus e Salmonella do
grupo B (S. schleissheim — Fator 027)

a — Soros anti Y. enterocolitica 09 (i) — Pre-
paro do antigeno de Brucella abortus — Os-mi-
crorganismos eram semeados em “Trypticase
Soy Broth” e incubados a 35-37°C, por 24 ho-
ras, em atmosfera de 10% de CO, e, posterior-
mente, semeados em placas de ‘‘Tripticase Soy
Agar”, as quais eram incubadas a 35-37°C, por

24 horas, em atmosfera de CO,. O crescimento
era retirado com salina fenicada a 0,5% e a mis-
tura aquecida em banho-maria fervente, duran-
te uma hora, com agitac8o constante e, ap6s
resfriada, filtrada em papel.

A densidade da suspensdo de antigeno foi
medida com um espectofotdmetro “‘Colleman
Junior I para dar uma absorbancia de 0.30 a
um comprimento de onda de 540 myu (cubeta
de 10mm); (ii) — Absorcdo — Misturava-se
2ml de soro diluido a 1:20, com o depésito de
antigeno centrifugado (correspondente a 80ml
da suspensdo do antigeno), homogeneizava-se
bem e incubava-se a 37°C, por 2 horas. A se-
guir, a mistura era centrifugada e o soro testa-
do (3). Realizava-se testes com soro n3o absor-
vido e antigeno de Brucefla, pela técnica do
“Test Card" e, com soro absorvido, com anti-
geno de Brucella e de Y. enterocolitica 03, em
reacGes de aglutinagdo em lamina e em tubo.

b — Soros anti Y. pseudotuberculosis Ol — (i)
— Preparo do antigeno — Os antigenos de Sa/-
monella, quer para reagBes de aglutinagdo,
quer para absorcéo, foram preparados segundo
Edwards & Ewing (5); (i) — Absorgdo — A
massa de células de Salmonella (provenientes
do crescimento em 16 placas de 10mm de dia-
metro) era misturada a 0,5ml de soro a ser ab-
sorvido e 0,75ml de salina fenolada a 0,5% e in-
cubada em banho-maria a 48°C, por duas ho-
ras, apés o que a mistura era centrifugada. O
soro ndo absorvido era testado com antigeno
de Salmonella do grupo B; o soro_absorvido
com antigenos, quer de Salmonella grupo B,
quer de Y. enterocolitica 09, era testado em
reag8es de aglutinagdo em lamina e em tubo.

Resultados e Discussio

Segundo Wauters (26), o sorodiagnostico
constitui precioso mecanismo para estabeleci-
mento da etiologia de infeccdes por Y. entero-
colitica e Y. pseudotuberculosis. No que diz
respeito a Y. enterocolitica, a pesquisa de aglu-
tininas é método diagndstico muito especifico,
para o sorotipo 03, sendo que, para o sorotipo
09, hé necessidade de realizar a absorcdo, para
eliminar o antigeno que possui, em comum
com Brucella abortus.

Mair (16) diz que anticorpos contra Y. pseu-
dotuberculosis podem ser detectados no san-
gue de pacientes, na fase aguda da doenca,
sendo que o teste é especifico somente para os
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sorogrupos |, Il e V. A especificidade dos tipos
11 e IV é afetada pela relac8o antigénica existen-
te entre esses sorogrupos, com diferentes fato-
res somdticos de Salmonella, havendo, nesse
caso, necessidade de realizar a absor¢do.

Outros autores tém caracterizado as infec-
cBes por Y. enterocolitica e Y. pseudotubercu-
losis, empregando o sorodiagnéstico (1, 2, 9,
14, 19, 20, 21, 23, 28, 31).

Ao testar 1609 soros, com antigenos de Y.
enterocolitica {03, 08 e 09) e de Y. pseudotu-
berculosis (01 e Oll), em reagSes de aglutina-
cdo, observou-se que apenas 16 apresentaram
anticorpos em titulos significativos, isto é, 1:80
ou maior {0,99%). Essas reagOes ocorreram So-
mente com os antigenos O3 e 09, de Y. entero-
colitica e Oll, de Y. pseudotuberculosis. N&o
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foram observadas agiutininas anti Y. enterocoliti-
ca 08, que é o sorotipo caracterizado com
maior freqiiéncia nos Estados Unidos, nem
contra Y. pseudotuberculosis do grupo Ol, que
constitui o sorogrupo responsavel pelo maior
ndmero de infeccBes humanas, causadas por
esses microrganismos.

A Tabela 1 mostra os resultados de aglutina-
¢do em tubo, de 854 amostras de soros do gru-

po “Sorologia Geral”’, com os cinco antigenos

testados. A Tabela 2 apresenta os resultados de
aglutinacdo em tubo, de 559 amostras de soros
do grupo “Provas Reumdticas’’, com os cinco
antigenos testados. A Tabela 3 apresenta os re-
sultados de aglutinagdo em tubo, de 191 amos-
tras de soros do grupo ‘‘Suspeita de Apendici-
te'’, com os cinco antigenos testados. Os soros

Tabela 1 — Aglutinaco positiva em tubo de 854 amostras de soros.néo absorvidos do grupo de ‘‘Sorologia Geral” com

os cinco antigenos testados

. Titulo do Soro
Antigenos ™09 1:40 1:80 1:160 1:320 1:640 111280  1:2560  1:5120
Ye O, 7 3 5 — _ _ _ _ _
Ye Qs — — — - — — — — —
Ye O, 2 3 2 —_ — _— — —_ —
Yp O 2 - Z — _ _ _ _ _
Yp Ol 49 28 17 7 2 - _ _ _

Ye = Y. enterocolitica

Yp = Y. pseudotuberculosis

Tabela 2 — Aglutinagdio positiva em tubo de 559 amostras de soros ndo absorvidos do grupo de ‘‘Provas Reuméticas”

com os cinco antigenos testados

. Titulo do Soro
Antigenos -
1:20 1:40 1:80 1:160 1:320 1:640 1:1280 1:2560 1:5120

Ye O, 6 3 2 1 — — — _ —
Ye Oy — — — - — — — —_ -
Ye Oq 3 4 1 1 - — - _ _
Yp Ol 1 —_ — — — - — —_ —
Yp Ol 32 33 13 2 1 —_ — - —

Ye = Y. enterocolitica

Yp = Y. pseudotuberculosis

Tabela 3 — Aglutinag8o positiva em tubo dei191 amostras de soros ndo absorvidos do grupo de “Individuos Suspeitos de

Apendicite” com os cinco antigenos testados

Titulo do Soro
Antigenos .
' 1:20 1:40 1:80 1:160 1:320 1:640 1:1280 1:2560 1:5120 -

Ye O, 4 3 1 1 — — - — -
Ye O, — - — — - — — — —
Ye O, 1 — 2 — 2 — — — -
Yp Ol — - — — — — — — —
Yp Ol 8 3 3 3 — — — - —

Ye = Y. enterocolitica

Yp = Y. Yersinia pseudotuberculosis
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dos individuos com eritema nodoso apresenta-
ram resultados negativos, quanto a presenca
de anticorpos contra os cinco antigenocs testa-
dos. Note-se que esses resultados referem-se a
soros ndo absorvidos.

Os resultados das Tabelas 1, 2 e 3, revelam
que 3% do total dos soros examinados apre-
sentaram reacdes de aglutinacdo positivas para
Y. pseudotuberculosis do grupo Oll, porcenta-
gem esta bastante superior a apresentada por
sorotipos de Y. enterocolitica.

No entanto, na totalidade das amostras de
soros positivos, as aglutininas anti Y. pseudo-
tuberculosis Oll desapareceram apds absorcio
com Salmonella schleissheim, evidenciando a
ocorréncia de reacOes cruzadas, entre o antige-
no Oll de Y. pseudotuberculosis e o fator 027
de Salmonella, mostrando assim a inexisténcia
de anticorpos anti Y. pseudotuberculosis, dos
grupos somaticos | e 1|, na populacdo examina-
da.

Os soros com titulos significativos de anticor-
pos anti Y. enterocolitica do sorotipo 09, foram
testados também com antigeno de Brucella,
quando se observou que dois deles {um do gru-
po “‘Sorologia Geral” e outro do grupo ‘‘Sus-
peita de Apendicite’’) também apresentaram

reacdo positiva com esse antigeno, mostrando
reagdo cruzada entre o sorotipo 09 de Y. ente-
rocolitica com Brucella, confirmando, nos so-
ros examinados, achados de outros autores,
conforme descrito em trabalho anterior (7).

Apesar de se ter evidenciada reacdo cruzada
em apenas duas amostras de soros, todos
agueles positivos, para o sorotipo 09 de Y. en-
terocolitica, foram absorvidos com antigeno de
Brucella. Apés a absorcdo, verificou-se que
apenas aqueles dois soros, que também haviam
aglutinado com Brucella, foram absorvidos. Os
outros soros continuaram apresentando reacdo
de aglutinacdo com antigeno de Y. enterocoliti-
ca 09, em titulo significativo.

A Tabela 4 mostra os resultados das reacdes
positivas de aglutinacio das 1609 amostras de
soros examinados antes e apods as absorcdes.
Através desses resultados, observa-se que, apos
absorcéo, a porcentagem de reacées positivas,
para Y. enterocolitica O3, foi cerca de duas ve-
zes superior a de Y. enterocolitica 09, confir-
mando, desse modo, dados de autores euro-
peus e canadenses, de que os sorotipos de Y.
enterocolitica, causadores com maior freqiién-
cia de doencas na populacdo humana, é o 03,
seguido do Q9 (6).

Tabela 4 — Namero e percentual de aglutinagses positivas dos 1609 soros, antes e ap6s as absorgSes necessérias, segun-

do a diluigdo 1:80 ou maior e segundo os antigenos

Antes Apés
Antigeno ”

Nimero % Ndmero %
Y. enterocolitica O, 10 0,62 10 0,62
y. enterocolitica O — — - —
y. enterocolitica O, 8 0,49 6 0,37
y. pseudotuberculosis Ol — — — —
Y. pseudotuberculosis Ol 48 2,98 — -

1 I 4 ~o FrA, el late ]
tivas paray. enterocolitica O, ¢ O, nos trés grupos de soios

Tabela5 — Porcentagens de reages de aglutinacgéo posi-
s

estudados
Antigeno
Grupo Soroidgico
Ye O, Ye O,
Sorologia Geral 0,58% 0,11%
Provas Reuméticas 0,53% 0,35%
Suspeita Apendicite 1,0 % 1,6 %

A Tabela 5 apresenta as porcentagens de rea-
¢Bes de aglutinacdo positivas para Y. enteroco-
litica O3 e 09, nos grupos de ‘‘Sorologia
Geral”, “Provas Reumdticas’ e ‘'Suspeitos de

Apendicite”. Esses resultados mostram que, na
populacdo estudada, o grupo com maior por-
centagem de reacbes positivas, para os dois so-
rotipos de Y. enterocolitica, foi aquele de “Sus-
peita de Apendicite’”. Como ndo utilizamos,
nesse estudo, soros de individuos com quadro
clinico anterior de diarréia, ndo podemos con-
cluir se a sindrome de gastroenterite é a que é
mais freglientemente devida a Y. enterocoliti-
ca, em nosso meio.

Winblad & col. (31), examinando soros de
pacientes submetidos a apencicectomia, com
ilelte regional cronica, com diarréia de vérias
origens e de doadores de sangue e aqueles a
serem submetidos a sorologia de rotina (grupo
controle}, quanto a presenca de anticorpos anti
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Y. enterocolitica O3, verificaram que as agluti-
ninas eram muito mais freqlientes em pacientes
com sintomas de apendicite aguda que em
gualquer outro, sendo que, nos pacientes com
diarréia, pouco excedia a freqliéncia do grupo
controle. Esses resultados assemelham-se aos
apresentados por nés.

Os resultados da presente pesquisa mos-
tram, portanto, a inexisténcia de anticorpos an-
ti Y. pseudotuberculosis dos sorogrupos Ol e
Ol e anti Y. enterocolitica do sorotipo 08, na
populacdo examinada. Mostra também porcen-
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tagens relativamente baixas de anticorpos anti
Y. enterocolitica dos sorotipos 03 e 09, indi-
cando que, possivelmente, esses microrganis-
mos causam doenca em faixa reduzida de nos-
sa populacio.
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Concentracgdes inibitérias de

cefoxitina sédica para amostras de
enterobactérias e Staphylococcus aureus
isoladas de infecgdes humanas

no Rio de Janeiro* '

Milton de Uzeda

Maria Candida de Souza Ferreira
Sandra S. Otto

& Wilson Chagas de Araujo

Resumo

Foram determinadas as concentrages inibitérias de cefoxitina sédica para 86 amostras de
enterobactérias e 15 de Staphylococcus aureus, recentemente isoladas de infec¢des huma-
nas, ocorridas no Rio de Janeiro. O crescimento de todas as amostras foi inibido na con-
centragdo de 25ug/ml, mas quatro amostras cresceram na presenca de 12,5ug/mi deste
antibiotico.

Summary

Inhibitory concentrations of sodium cefoxitin for Enterobacteriaceae and Staphylococcus
aureus ‘

Inhibitory concentrations of sodium cefoxitin for 85 strains of Enterobacteriaceae and 15
strains of Staphylococcus aureus recently isolated in Rio de Janeiro from human infections
were determined. All strains were inhibited at the concentration of 25ug/ml, but 4 strains

141

showed growth in broth containing 12,5ug/mi of the antimicrobial agent.

Introdugdo

A cefoxitina é um antibiético beta-lactamico,
semi-sintético, derivado da cefamicina C. Entre
suas principais caracteristicas, destacam-se a
resisténcia 4 acio das beta-lactamases, produ-
zidas por enterobactérias, como também a ex-
celente atividade sobre Staphylococcus aureus
e sobre bactérias anaerdbias (2,5,6).

Em 1974, Wallick & Hendlin (7} estudaram a
atividade da cefoxitina sobre enterobactérias,
verificando que este antibidtico era mais ativo
que a cefalotina para amostras de Escherichia
coli Proteus mirabilis e Klebsiella sp.

Com a finalidade de investigar a aplicacdo da
cefoxitina na terapia de infec¢Ges humanas, fo-
ram desenvolvidos diversos trabalhos em pai-
ses da Europa e nos Estados Unidos da Améri-

ca do Norte (9). Os resultados obtidos na clini-
ca confirmaram a eficacia do antibiético, de-
monstrada inicialmente /n vitro. No Brasil, o in-
teresse repetiu-se, porque diversos grupos de
médicos e microbiologistas estdo desenvolven-
do investigacdes voltadas para o mesmo objeti-
VO.

Nosso trabalho relata as concentracGes de
cefoxitina sédica que inibem enterobactérias e
Staphylococcus aureus, isolados de infeccdes
humanas no Rio de Janeiro.

Material e Métodos

Foram testadas 100 amostras de bactérias,
recentemente isoladas de espécimes prove-
nientes de diversos processos infecciosos hu-

* Trabatho realizado no Departamento de Microbiologia Médica do Instituto de Microbiologia da UFRJ, com auxflio finan-
ceiro do CEPG-UFRJ, CNPq e FINEP (Contrato n® 527/CT).
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manos: Escherichia coli {15 amostras), Klebsiel-
la (15), Proteus mirabilis (13), Proteus indol-po-
sitivo (12), Salmonella (15), Shigella (15) e
Staphylococcus aureus (15).

A diluicdo seriada da cefoxitina sddica (con-
centragdes variando de 0,39 a 100ug/ml) e a
determinacdo das concentracSes inibitérias do
antibiético foram realizadas de acordo com Bai-
ley & Scott (1).

Resultados e Discussao
A freqliéncia acumulada da inibic3io de bac-

térias, nas diferentes concentracdes do antibio-
tico, estd apresentada na Tabela 1.

Milton de Uzeda, Maria C. S. Ferreira, Sandra S. Otto & Wilson C. de Araujo

Na concentracdo de 0,3%ug/ml nfio houve
inibicdo do crescimento dos microrganismos
testados; entretanto, 25ug de cefoxitina sédica
por mililitro inibiram o crescimento de todas as
amostras testadas. A concentracdo de
12,5ug/ml inibiu 96% das amostras testadas;
apenas quatro amostras — £. cofi (1), P. mira-
bilis (1}, Proteus indol-positivo (1) e Salmonelfa
(1) — ndo foram inibidas nesta concentracso.

Parece significativo que as amostras testadas
determinem uma freqliéncia acumulada de
96% de sensibilidade & cefoxitina sddica, na
concentracdo de 12,5ug/ml, considerando-se
que Brumfitt & col. (3) e Sommerville & col. (4)
observaram que concentracBes mais elevadas
do antibidtico podem ser obtidas nos fluidos do

Tabela 1 — Freqiiéncia acumulada das amostras inibidas nas diferentes concentragtes de cefoxitina sodica

R N? de Amostras Inibidas nas Diferentes Concentrac8es
. . N2 de de Cefoxitina Sédica {ug/ml)
Microrganismos Amostras
Testadas
0,39 0,78 1,56 3,12 6,25 12,5 25 50 100
Escherichia coli 15 0 12 14 15
Klebsiella 15 0 4 9 1 12 14 15
Proteus mirabilis 13 0 2 11 11 12 | 12 13
Proteus indol pos. 12 0 2 7 -9 11 11 12
Salmonella 15 0 4 13 14 14 14 15
Shigella 15 0 11 15
Staphylococcus aureus 15 0 8 12 13 14 15
Total 100 0 43 81 88 93 96 100

organismo, apds a administracdo de doses mo-
deradas do antibistico.

Analisando-se o comportamento de diversos
géneros bacterianos testados, é importante res-
saltar que todas as amostras de Shigella e de
Escherichia foram inibidas nas concentracdes
1,56ug/mi e 3,12ug/ml, respectivamente, de-
monstrando portanto que, mesmo.em concen-
tracBes bastante reduzidas, a cefoxitina sddica
ainda exerce atividade sobre estes microrganis-
mos.

Em relacdo as amostras de Pseudomonas ae-
ruginosa e Enterobacter, isoladas de infeccdes
humanas, Washington (8) caracterizou a inefi-
cécia da cefoxitina, quando investigou as possi-
veis concentragBes inibitérias do antibidtico.

Os resultados obtidos neste trabalho s3o se-
meihantes aos descritos por Birnbaum & col.
(2), que estabeieceram a concentracdo de
12,5ug/ml como limite critico para anélise da
sensibilidade das bactérias & cefoxitina sédica,
favorecendo assim o emprego deste antimicro-
biano na maioria das infecces bacterianas hu-
manas.
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