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Abstract

To examine the possibility of a mycotic involvement in neonatal calf diarrhea (NCD) the presence of fungi was
assessed in (a) the intestinal contents of dead calves and fecal samples submitted for routine laboratory examination,
(b) fecal specimens, sampled once in winter and once in summer, of calves raised on 2 farms with different
management systems, and (c) mucosal scrapings of various segments of the digestive tract of a diarrheic calf,
massively sheddingCandida glabrata.

C. glabratawas the most prevalent fungal species isolated from the routine samples. It was the only fungus
which was shed by the calves on the 2 farms, for continuous, more or less prolonged periods, but exclusively in the
winter months. Diarrhea andC. glabratashedding seemed to be associated.C. glabratacolonized the abomasum
(the functional equivalent of the monogastric stomach) but not the other segments of the digestive tract of the
euthanized calf

Based on the findings of this study it seems that while some yeast species may be considered as commensals
of the digestive tract of calves, and consequently their isolation from intestinal contents or fecal samples has no
clinical significance, others, such asC. glabratamay be involved in enteric pathogenic processes. Moreover, char-
acteristics of the culture, previous chemotherapeutic treatments, the animal’s age and possibly climatic conditions
should be taken into account before deciding on the fungal isolate’s clinical relevance. Determination of mycotic
involvement in NCD by routine mycological examination of intestinal contents and fecal samples of diarrheic
calves may be useful to avoid unnecessary and potentially harmful antibacterial therapy.
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Introduction

Neonatal calf diarrhea (NCD) is arguably the most im-
portant pathological entity in causing economic losses
due to morbidity and mortality. NCD may be caused
by a highly virulent primary pathogen, such as en-
terotoxigenicEscherichia coli, or, more frequently,
by mixed infections of various microorganisms [1].
While the role of viruses, bacteria and protozoa in
causing NCD has been investigated [2], the possible
role of fungi in enteric pathology has received only
limited attention. This is probably the result of the
assumption that fungi are part of the normal micro-
bial flora of the digestive system [3] and consequently

of no clinical relevance, unless they are isolated in
conjunction with pathological changes. This assump-
tion, until recently prevailing in human medicine, has
been subject to reconsideration. A number of reports
published during the last years [4–6] indicate the pos-
sibility of connection between fungi, especially yeasts,
and cases of diarrhea in human patients, especially
children, with no recognizable underlying conditions
to justify infection by opportunistic pathogens. Asso-
ciation between yeasts and disorders of the digestive
tract in these cases was made by exclusion (no other
pathological microorganisms found), the presence of
an elevated number of yeasts in the feces, or fol-
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lowing failure of antibacterial therapy but successful
treatment of the patient with antimycotic drugs.

This study was devised to appraise the possibility
of a similar involvement of fungi in NCD.

Materials and methods

To assess the possibility of mycotic involvement in
NCD a study consisting of 3 parts was initiated:

1. Assessment of the prevalence of fungi in the gas-
trointestinal tract (GIT) of calves: During a period
of 30 months, the intestinal contents of 147 calves
that died after showing clinical signs of NCD
and 353 fecal samples of diarrheic calves, up to
1 month of age, which were submitted for rou-
tine microbiological examination, were examined
mycologically.

2. Study of the clinical significance of fungi in the
GIT:
A field trial in which the presence of mycotic
agents in feces of calves of various ages and under
different management and climatic conditions was
investigated.

3. Examination of the anatomic sites in the GIT to
be colonized by fungi and the interaction between
these microorganisms and the mucosa:
One 10 day old diarrheic calf, massively shed-
ding C. glabrata, was euthanized and mucosal
scrapings of various segments of the digestive
tract (abomasum, rumen, duodenum, jejunum,
ileum, cecum, colon and rectum) and their contents
were examined microscopically and microbiolog-
ically. Samples of the segments were examined
histopathologically.

Laboratory examinations of samples

Mycology. Approximately 0.1 g of intestinal con-
tents or fecal specimens material were suspended in
3 ml sterile saline. From this suspension, 0.1 ml was
inoculated onto CHROMagar (CHROMagar, Paris,
France) plates which were incubated at 37◦C [7].
Thus a semiquantitative indication of the number of
yeasts present in the samples, as well as the ratio be-
tween different yeast species, in case of mixed growth,
was obtained. Two yeast colonies (of each species in
mixed culture) were subcultured on Sabouraud dex-
trose agar and identified by the ID 32C system (Bio-
Meneux SA, Marcy l’Etoile, France). CHROMagar

plates were kept for 7 days before being discarded
as negative. Feed was examined for the presence of
mycotic contamination as previously described [8].

Bacteriology. EnterotoxigenicEscherichia coli: One
loopfull of the above mentioned suspension was inoc-
ulated onto E-agar [9] plates, incubated overnight at
37 ◦C and the resulting cultures tested by the slide ag-
glutination test with anti K-99 monoclonal antibodies
(Central Veterinary Laboratory, Weybridge, UK). For
salmonella enrichment, tetrathionate broth was added
to the rest of the suspension, the tubes were incu-
bated at 37◦C overnight, following which they were
inoculated onto McConkey and Brilliant green agar
plates. These plates were reincubated for 24 hours un-
der the same conditions and colonies suspected to be
Salmonellaspp. were tested biochemically and sero-
logically (Welcome Diagnostics, Dartford, England).

Virology. The fecal samples were examined for the
presence of coronavirus and rotavirus (serogroup A)
by ELISA with the Pathasure Bovine Enteritis system
(Cambridge Veterinary Sciences Ltd., UK).

Parasitology. Fecal samples and intestinal contents
were examined for the presence of cryptosporidia by
sugar flotation and modified Ziehl–Neelsen staining
[10], as previously described.

Field trial

Experimental design. To assess environmental influ-
ence on the epidemiology of yeasts in the digestive
tract of calves, 2 dairy farms with different manage-
ment systems were included in the survey. In addition,
based on previous findings that NCD is influenced
by seasonal factors [11], samples were taken during
the hot summer months (July–August) and the cooler,
rainy, winter months (December–January).

Animals and sampling. Twenty four female calves,
divided into 4 groups were included in the survey. The
groups consisted of:

(a) Six calves on farm A in the summer
(b) Six calves on farm A in the winter
(c) Six calves on farm B in the summer
(d) Six calves on farm B in the winter

Animals were chosen by sequential order of birth.
Daily rectal fecal samples were taken during the first
4 days of life and once every 2 days up to 14 days
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of age. After that age samples were taken as long
as diarrhea and/or yeast shedding persisted. Shedding
was assumed to have stopped after 2 consecutive fecal
samples negative for yeasts. One week after the last
sampling an additional fecal sample was taken to as-
sess whether the absence of yeast from the feces was
definitive or not. Specimens were processed within 30
minutes after the sampling.

Management. Feeding practices on both farms in-
cluded in the survey were similar. Each calf was fed
immediately after it’s birth 2 liters of first colostrum,
followed by additional 2 liters 12 hours later. The
colostrum was obtained from the dam on farm A and
from a colostrum pool on farm B. On days 2 and 3
the calves were fed second and third day colostrum,
respectively, by the same scheme. From the fourth day
on, calves were fed 2 liters of commercial milk sub-
stitutes (150 g/l), twice daily. Dry food, composed of
corn and cotton seed, commercial concentrates, hay
and dry milk substitute were available. Water was
accessiblead libitum.

Farm A was located in an agricultural research
facility. Each calf was housed in an individual pen,
placed on the ground. Consequently no direct contact
between the animals was possible. Highly experienced
personnel were in charge of the calves and individ-
ual care was given to each calf. The dry food made
available to the calves was not medicated.

Farm B was located in a large collective (kibbutz)
holding. Calves were kept in raised individual pens
up to the age of 3–5 days and then transferred to
yards, where 8–10 animals of homologous age groups
were reared. Personnel were not as experienced as on
farm A (due to frequent substitutions) and individual
supervision of each calf was limited. The commer-
cial concentrate incorporated in the dry food, made
available to the calves, was oxytetracycline medicated.

Samples of the dry food and milk replacer fed to
the calves on each farm were examined for mycotic
contamination as previously described [8].

Examination of euthanized calf

One calf, intensely sheddingC. glabratawas euth-
anized. Slides of mucosal scrapings of the various
segments of the euthanized calf’s digestive system
were Giemsa stained and examined microscopically.
Scrapings as well as contents of each segment were
examined microbiologically. PAS stained samples of
each segment were examined histopathologically.

To assess the capability of theC. glabratastrain
isolated from the euthanized calf’s abomasum (the
functional equivalent of the monogastric stomach) and
4 of the fecal isolates (2 from each farm) to grow un-
der the highly acidic conditions present in this organ –
pH 2–2.8 – [12], the strain was suspended in distilled
water to a turbidity equaling 2 on the McFarland stan-
dard. Of this suspension, 0.1 ml was inoculated into
Sabouraud dextrose broth, acidified with HCl to pH
values as low as 1.4. The inoculated broth tubes were
incubated at 37◦C for 4 days. Growth was examined
daily.

Results

Routine examinations

Yeasts were isolated from 26.5% (39/147) of the in-
testinal contents of dead calves and 38.2% (135/353)
of the fecal samples. Twenty six of the isolates
(66.7%) from dead calves and 95 (70.4%) of the fecal
isolates were identified asCandida glabrata(Fig. 1).
Other fungal species were isolated on rare occasions:
C. catenulata(n = 14), C. rugosa(n = 11), C. krusei
(n = 11),Geotrichium candidum(n = 6),Trichosporon
cutaneum(n = 5), C. tropicalis(n = 3), C. kefyr(n =
2), C. lypolytica(n = 1), C. colliculosa(n = 1) and
C. parapsilosis(n = 1). UnlikeC. glabrata, however,
cultures of these species consisted of only a few (1–20)
colonies. Twenty three (19.0%) ofC. glabratapositive
calves were in their first week of life, 86 (71.1%) in
their second week and 12 (9.9%) were between 15 and
30 days old (Fig. 1).

Field trial

Summer months:On farm A, all the calves had diar-
rhea, starting at the end of their first week of life, for 6
to 10 days. On farm B, only one calf had diarrhea, on
days 8 to 12. Microbial findings on both farms were
similar: Bacterial pathogens and coronavirus were not
found in the calves during this period, rotavirus and
cryptosporidia, the latter in very low numbers, were
found sporadically during the whole 2 week period but
were not associated with the clinical signs.Candida
krusei, C. rugosaand Trichosporon cutaneumwere
isolated from some fecal samples but neither the num-
ber of colonies (1–5) nor the duration of the yeasts’
presence (1–2 days) indicated colonization by these
microorganisms. A few colonies ofC. glabratawere
isolated from the feces of one calf from farm A on day
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Figure 1. Epidemiology ofCandida glabratain calves: prevalence and age distribution.

12, following a week of diarrhea. Two days later this
calf died of incarcerated diaphragmatic hernia and its
intestinal contents yielded rich cultures ofC. glabrata.

Winter months:The results of the survey during
this period are more complex then those of the sum-
mer months and are presented in Fig. 2. All 6 calves
on farm A had diarrhea which started between day 3
and 6 of their lives.C. glabratawas isolated from all
but one of the calves. Shedding of this yeast started
usually 3–5 days after the onset of diarrhea. The peri-
ods ofC. glabratashedding and intermittent diarrhea
were generally overlapping. This phenomenon is es-
pecially evident in calf No. 010, which had diarrhea
for an exceptionally long period (until 55 days of
age) and shedC. glabrata for an equally prolonged
time span (until 45 days of age). Based on the semi
quantitative character of the culture method, an initial
increase and a final decrease inC. glabrata colony
counts was observed. During most of the shedding
period, however, yeast cultures were extremely rich
and consisted of confluent or semiconfluent growth of
the C. glabrata. C. krusei, C. catenulata, rotavirus
and cryptosporidia were found sporadically (Fig. 2)
in low numbers and for not more than a few consecu-
tive days. One exception was calf No. 009 (Fig. 2),
from which mixed cultures ofC. glabrata, C. kru-
sei and C. catenulatawere isolated (the latter two
in numbers higher than in other cases) for 10 days,
during which it was treated with antibiotics (peni-
cillin/streptomycin) against a mouth infection caused
by Actinomyces pyogenes.

On farm B, 5 out of the 6 calves had diarrhea but its
duration was generally shorter than on farm A, and did
not exceed the age of 22 days. The animals which had
diarrhea were the same animals that shedC. glabrata.
Unlike farm A, the shedding of the yeast started in 4
calves before or concomitantly with the diarrhea. A
few colonies (1–5) ofT cutaneum, Geotrichium can-

didumor C. rugosawere isolated once from 2 calves.
Rotavirus was found sporadically but cryptosporidia
were absent.

EnterotoxigenicE. coli andSalmonellaspp. were
not isolated during the survey.C. glabratawas not
found in samples of the milk replacer or dry feed fed
to the calves.

Examination of euthanized calf

No pathological changes were observed at the
necropsy of the calf. Cultures of abomasal and intesti-
nal contents (all the segments) yielded rich cultures of
C. glabrata. A few colonies ofC. kruseiandC. catenu-
lata were also present butC. glabratawas clearly the
dominant yeast species. Microscopic examination of
the mucosal scrapings of the various segments showed
that the abomasal mucosa was heavily colonized by
yeasts. No hyphae, pseudohyphae or elongated yeasts
(typical ofC. krusei) were observed. Only a few yeast
cells, were present on the intestinal segments.

The histopathological examination of the various
segments confirmed these findings: the abomasum was
the only segment to be colonized by yeasts which
seemed to interact with the mucosa (Fig. 3). No
macroscopic or microscopic pathological changes of
the GIT were observed.

All the C. glabratastrains examined for acid resis-
tance grew at pH = 2.0 after overnight incubation, and
at pH = 1.8 after 2 days.

EnterotoxigenicE. coli andSalmonellaspp. were
not isolated from the various segments, rotavirus was
not found and cryptosporidia were found in very low
numbers (13/cc).
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Figure 2. Periods of diarrhea and shedding ofCandida Glabrataby the calves on the two farms included in the field trial.
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Figure 3. Yeasts colonizing the abomasal mucosa from whichCandida glabratawas cultured. (PAS stain). Note possible interaction between
yeast cells and mucosa (arrow).

Discussion

During the last years fungal diarrhea, especially in
children, has received much attention [6].C. albicans,
C. tropicalis, C. krusei, C. glabrataand other yeast
species have been associated with the syndrome [6].
Various diagnostic criteria have been suggested to dif-
ferentiate between normal individuals shedding yeasts
and patients afflicted with noninvasive fungal diarrhea.
The presence of hyphae in the stools [13] is not suf-
ficient as cases of diarrhea in which only budding
yeast cells were observed in the feces and which were
successfully treated with antimycotic drugs [14] have
been reported. Moreover, one of the salient character-
istics (and the cause of many taxonomic controversies)
of C. glabratais that it does not form either pseudo- or
true hyphae. Heavy to confluent growth, such as cul-
tured from the calves in this study, may be considered
an indication of non-invasive fungal diarrhea [6].

In our epidemiologic study, yeast were found in
the GIT of 34.8% of the examined samples, with
C. glabrataemerging as the most prevalent species
(69.5%) in preweaned calves suffering from NCD. Al-
though it was not possible to obtain sufficient data
regarding antibacterial treatment of the dead and di-
arrheic calves which were examined in the first part
of the study, it may be, however, safely assumed that
most (if not all) of the former and many of the latter

received such drugs.C. glabratahas been reported to
be the most prevalent yeast species in young calves,
especially if fed with milk replacers, but was not found
to be connected with diarrhea [15]. In addition,C.
glabrata is one of the most prevalent species isolated
from human sources, often second only toC. albicans
[16].

The field trial confirmed the findings of the epi-
demiologic study as to the prevalence ofC. glabrata.
In addition, it showed thatC. glabratawas the only
yeast present in very high numbers in the feces of
young calves for periods longer than 7 days. Other
species were present only sporadically and for brief
periods. This indicates that the ability ofC. glabratato
colonize the GIT of young calves under the conditions
prevailing during the trial exceed that of other yeast
species.

The comparison between diarrhea and presence of
C. glabrata in the feces of young calves during the
winter months indicates a connection between these
two observations (Fig. 2). This connection is under-
scored by the case of calf 010 on farm A, in which
both diarrhea and excretion of the fungus were excep-
tionally prolonged. The nature of this connection is not
clear and several possibilities must be considered:

(a) Colonization byC. glabratacauses the diarrhea.
Although no pathological changes were present in
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the euthanized calf, other mechanisms, such as
fungal metabolites, might be involved. This mode
of action would be analogous to the one observed
in enterotoxemic colibacillosis, where no or only
mild pathologic changes are observed in the GIT
during diarrhea [3].

(b) Conditions produced in the digestive tract by the
diarrhea favor the proliferation of the yeast. The
appearance ofC. glabratain the feces of the calf
2 days before its death following an incarcer-
ated diaphragmatic hernia seems to support this
possibility.

(c) A common underlying condition, such as inter-
ference with the process of establishing a natural
microflora, causes both diarrhea and colonization
by C. glabrata.

Further studies are necessary to clarify the nature of
this connection.

The examination of the euthanized calf showed
that the abomasum was the only segment of the GIT
in which an interaction between the mucosa and the
yeasts was observed. The clear predominance ofC.
glabrata in cultures made from these segments in-
dicates that the yeasts observed microscopically are
C. glabrataas well. This assumption is further sub-
stantiated by the morphology (absence of hyphae and
pseudohyphae) of the yeast cells. Colonization of the
human stomach by yeasts, includingC. glabrata, has
been reported [17, 18], often without the induction of
pathological changes [17]. Due to the low pH, the only
yeast species able to grow in this organ have to be
able to do so under stringent acidic conditions. TheC.
glabrata isolates examined in this study were found
comparable to human isolates [17,19], to be highly
acid resistant, and thus capable of growth in the abo-
masum. Higher pH values and a competitive intestinal
microflora, established earlier than in the abomasum,
are likely causes for the limited colonization of the
intestine byC. glabrata.

A number of reports dealing with fungal infec-
tions of the digestive tract of preweaned ruminants
have been published, most indicating the involvement
of various yeast species in cases of necrotic aboma-
sitis [20–22]. A common factor to these cases was the
treatment of the animals with antibacterial drugs, con-
sidered predisposing to fungal infections. Animals in-
cluded in the field trial, (with the exception of calf 009
on farm A), were not subjected to antibacterial treat-
ment. The medicated dry food made available to the
calves on farm B is unlikely to have been ingested in

relevant quantities given the young age of the animals.
It is noteworthy that the only period during which
yeast species other thanC. glabrata (C. kruseiand
C. catenulata) were isolated for 10 consecutive days
was parallel to the period of antibacterial treatment of
calf 009 on farm A. This observation, in addition to
the self-limiting characteristic ofC. glabratacoloniza-
tion in untreated calves seems to support other reports
[20–23] which indicate that antibacterial treatment
may induce pathological processes in which yeasts are
involved.

The source of theC. glabratastrains isolated dur-
ing our study is not clear. It has not been found
in the feed samples and it does not seem to remain
in the digestive tract of calves for more than a few
weeks. The examination of additional potential envi-
ronmental sources might clarify this point. Oro-fecal
transmission ofC. glabratabetween calves is likely.
This hypothesis is supported by the earlier onset ofC.
glabratashedding on farm B than on farm A (see in
next paragraph).

Based on the findings of this study it seems that the
assumption that yeasts in general are part of the normal
flora of the digestive tract of ruminants, and conse-
quently that their isolation from intestinal contents or
fecal samples has no clinical significance, should be
reconsidered. Some species, such asC. catenulata, C.
rugosaor G. candidum, appeared in our study to be
harmless, others, such asC. glabratamay be involved
in enteric pathogenic processes. Consequently, the
yeast species, qualitative (pureness) and quantitative
(CFU number) characteristics of the culture, previ-
ous chemotherapeutic treatments, the animal’s age and
possibly climatic conditions should be taken into ac-
count before deciding on the fungal isolate’s clinical
relevance.

We suggest that at least some yeast species should
be considered with other potentially pathogenic mi-
croorganisms which may cause diarrhea under cer-
tain conditions but are not considered primary enteric
pathogens. Diarrhea in which yeasts are involved is
mild and self limiting. Antibacterial treatment of such
cases, might be not only unnecessary but counterpro-
ductive, resulting in the intensification of the microbial
imbalance in favor of the mycotic flora in the GIT.
Massive necrosis of the forestomach mucosa caused
by C. glabratainfection exacerbated by antibacterial
treatment has been reported [22]. Determination of
mycotic involvement in NCD by routine mycological
examination of intestinal contents and fecal samples of
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diarrheic calves may be useful to avoid inappropriate
antibacterial therapy.
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