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compared with Enterococcus faecalis

Donna Richards, BDSc, GradDipClinDent, DCD," John K. Davies, BSc, PhD,b and
David Figdor, MDSc, FRACDS, DipEndo, PhD, FASM,“’b Melbourne, Australia
UNIVERSITY OF MELBOURNE AND MONASH UNIVERSITY

Objective. Candida albicans has been a common isolate in posttreatment disease, usually as a monoinfection of the
root filled canal. A factor likely to contribute to its pathogenic potential in posttreatment infection is an ability to
endure starvation and use serum as a nutritional source. This study evaluated the starvation-survival behavior, growth,
and recovery in human serum of C. albicans and compared it with Enterococcus faecalis.

Study design. Varying cell densities of C. albicans and E. faecalis were suspended in 5% human serum or water for
4-6 months. Starvation recovery was assessed by addition of 50% serum to starved cells. Cell survival was monitored
by periodic removal of aliquots and viable counts.

Results. Initial cell density was important for starvation survival. Candida albicans and E. faecalis survived starvation
in water for 6 months when the starting cell density was >10° and =10? colony-forming units (cfu)/mL, respectively.
Both species thrived in 5% serum from low initial densities (>10% and >10 cfu/mL for C. albicans and E. faecalis,
respectively), and starvation-state cells recovered on addition of 50% serum.

Conclusion. Candida albicans is well suited for survival in nutrient-limited conditions and can use serum as a source
of nutrition and for recovery from starvation. These findings parallel the behavior of E. faecalis, which possesses a
similar capacity for starvation survival and growth in serum, traits that are of likely importance for their participation in

posttreatment infection. (Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2010;110:125-130)

The nutrient-rich milieu of the untreated infected pulp
space typically supports a diverse polymicrobial mix
dominated by anaerobes,'~ in contrast to posttreatment
infection, where the nutrient-limited environment
within the obturated root canal usually contains a lim-
ited assortment of predominantly gram-positive facul-
tative anaerobes of mostly single species.** Enterococ-
cus faecalis has been repeatedly implicated as the
predominant species in monoinfection of teeth with
persistent disease, but a relatively high prevalence of
streptococci and yeast species have also been recovered
from root-filled teeth with persistent apical periodonti-
tis.>”

The reduced assortment of species in teeth with
persistent apical periodontitis®® points to a strong se-
lection pressure favoring those species suited to sur-
vival in the nutrient-limited obturated root canal. A
starvation-survival strategy would allow microorgan-
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isms to persist in the root-filled canal and to later, with
access to nutrients, recover from the starved state.

Characterization of the starvation-survival response
of E. faecalis has shown its ability to withstand starva-
tion in water- or nutrient-limited media and that star-
vation-state cells could recover upon the addition of
human serum.” The starvation-survival capacity of
other species implicated in persistent apical periodon-
titis is essentially unexplored, yet further investigation
should provide a better understanding of the role of
specific pathogenic properties necessary for involve-
ment in posttreatment disease.

Candida albicans is a common inhabitant of the oral
cavity (31%-44% of healthy subjects).'®'" Yet in the
untreated infected root canal, it is an infrequent partic-
ipant (2%-7%), as reported by both culture-based'' "
and polymerase chain reaction (PCR)-based'*'* stud-
ies, with 1 exception'® (21%). In posttreatment infec-
tions, a higher prevalence of 3%-18% with C. albicans
has been described using culture methods®7-!1'"+18 and
of 6%-9% by PCR.'*° Potential pathogenic properties
that favor a higher prevalence of fungi in posttreatment
infection have been described in several reviews and
include resistance to antimicrobial treatment and den-
tine adhesion and invasion.?'*

We hypothesized that other species found in monoin-
fections of root canals with persistent disease might
also possess a starvation survival ability similar to
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E. faecalis. Therefore, this study sought to characterize
the starvation-survival response of C. albicans and its
ability to recover from starvation in the presence of
human serum. These observations were compared to
the starvation-survival and serum-recovery kinetics of
E. faecalis.

MATERIALS AND METHODS
Microorganisms and culture conditions

Candida albicans (strain MFC14.2, Microbiology
Department, Monash University) and E. faecalis JH2-2,
derived from the parental strain JH2,%® were grown in
brain-heart infusion (BHI) broth, incubated with shak-
ing, or on BHI agar plates (Oxoid, Basingstoke, U.K.)
in an aerobic environment at 37°C. All experiments
were performed in triplicate, except long-term starva-
tion of C. albicans with a starting cell density of 10*
colony-forming units (cfu)/mL, which was performed
in duplicate.

Growth and starvation of cells

For starvation assays, cells were harvested by cen-
trifugation (3,200g, 10 min), washed twice in phos-
phate-buffered saline solution (PBS), and resuspended
in sterile distilled water to a final suspension of 10°-10°
cfu/mL. Cell density was confirmed by viable counts.
Starvation-survival kinetics were followed for 6
months.

Growth, survival, and recovery in human serum

Sera from 3 healthy human adults were pooled, in-
activated at 56°C for 30 minutes, and stored at —80°C
until used. Growth in pooled human serum (PHS) was
determined by inoculation of mid-log-phase cells into
5% PHS (diluted in PBS). Long-term survival was
determined for cell densities of 10°-10° cfu/mL in 5%
PHS, with stationary incubation at 37°C for 4 months.

Recovery of 7- and 14-day starved cells was assessed
by serum supplementation (50% concentration after
addition) to starvation cultures followed by incubation
at 37°C. At preset intervals, aliquots were removed and
survival determined by viable counts of serial dilutions
in PBS and plating on BHI agar.

RESULTS
Starvation-survival kinetics

The kinetics of starvation survival for the lowest
starting cell density of C. albicans and E. faecalis that
survived in water for 6 months are shown in Fig. 1.
Candida albicans survived 6 months’ starvation in wa-
ter if the initial cell density was >10° cfu/mL. With
starting densities of 10°-10° cfu/mL, there was a grad-
ual decline in cell numbers, but at 6 months there was
still a viable cell population of ~10° cfu/mL (data not
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Fig. 1. Starvation survival of Candida albicans (6.3 X 10°
cfu/mL; circles) and Enterococcus faecalis (2.2 X 10% cfu/
mL; diamonds) in water for 6 months.

shown). Candida albicans did not survive starvation
beyond 3 weeks if the starting density was =10*
cfu/mL (data not shown).

Enterococcus faecalis survived starvation in water
for 6 months if the initial cell density was =10% cfu/mL
at the onset of starvation. At lower densities (10° and
107 cfu/mL) cell survival was short-lived and no cells
were recovered at 5 and at 56 days, respectively (data
not shown).

Growth in serum

Candida albicans thrived in 5% serum, even at low
(10%-10* cfu/mL) starting cell densities (Fig. 2, A). Cell
numbers grew rapidly and stabilized at a steady popu-
lation of about 10° cfu/mL over the 4-month observa-
tion period.

Inclusion of 5% serum sustained E. faecalis from
low initial cell densities (10*-10° cfu/mL) with a mild
decline in the cell population to about 10* cfu/mL over
4 months (Fig. 2, B). At higher initial starting densities
(3.5 X 107 and 2.8 X 10® cfu/mL), cell numbers
stabilized at a higher level (~10° cfu/mL) for 1-4
months (data not shown).

Revival of starved cells by serum

The capacity of serum to revive starved cells was
tested on cultures of low starting cell density that had
been previously shown to be unable to survive starva-
tion. The addition of PHS to 14-day starved C. albicans
led to resurgent growth in the cell population (Fig. 3,
A). With E. faecalis, introduction of serum to 7-day
starved cells resulted in recovery and resumed growth
(Fig. 3, B). This was in contrast to control addition of
PBS, which had no effect on survival.
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Fig. 2. A, Growth of Candida albicans in 5% serum for >4 months from initial cell densities of 7.8 X 107 (diamonds), 1.0 X
10 (squares), and 1.7 X 10° (triangles) ctu/mL. B, Growth of Enterococcus faecalis in 5% serum for >4 months from initial
cell densities of 4.6 X 10* (squares), 3.8 X 10° (circles), and 3.4 X 10° (triangles) cfu/mL.
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Fig. 3. A, Recovery of 14-day starvation-state cells of Candida albicans after addition at 14 days of serum (diamonds) and
phosphate-buffered saline solution (PBS; control; squares); starved cell densities were 3.9 and 4.1 X 10° cfu/mL, respectively.
B, Recovery of 7-day starvation-state cells of Enterococcus faecalis after addition at 7 days of serum (diamonds) and PBS control

(squares); starved cell densities were 3.6 and 2.5 X 10* cfu/mL, respectively.

DISCUSSION

When selected microorganisms are recovered in
greater prevalence from failed endodontic treatment
cases than in untreated infected teeth, it implicates
those species in the pathogenesis and maintenance of
persistent apical periodontitis. The species proliferating
in the root-filled canal presumably share properties that
position them favorably for survival in this inhospitable
ecologic niche. Previously, we surmised that an ability
to endure long periods of starvation and use serum-like
transudate for growth are factors favorable for patho-
genesis, and we were able to demonstrate this capacity

for E. faecalis.” That E. faecalis survives starvation has
been documented in other studies,”®?’ yet limited in-
formation is available on starvation survival of C. al-
bicans. Therefore, we examined the behavior of C.
albicans under starvation conditions, and the results
reveal that C. albicans has a corresponding capacity to
endure starvation and exploit serum for growth and
recovery from starvation.

Survival of cultivable cells in water for 6 months
illustrated the starvation resilience of C. albicans (Fig.
1). This finding correlates well with an observation,
described >70 years ago,”® that distilled water can be
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used as a storage method for yeasts and further reports
showing long-term survival of C. albicans in distilled
water for 3-10 years.”’>' Cell density at starvation
onset was a significant factor for survival, where >10°
cfu/mL was favorable for survival but at lower cell
densities (=10* cfu/mL) C. albicans could not survive
starvation beyond 3 weeks. The capacity of C. albicans
for starvation survival compares favorably with E. fae-
calis, which can endure many months of starvation.”’
Starvation survival for E. faecalis is also highly con-
tingent on cell density at starvation onset.”** Interest-
ingly, C. albicans survived starvation from a signifi-
cantly lower initial cell density than E. faecalis (10°
compared with 10® cfu/mL, respectively), which sug-
gests a superior capacity for sustaining itself in limited
numbers under nutrient-limited conditions.

Although there is no information regarding potential
nutrition sources available for microorganisms embed-
ded in the obturated canal, it is not unreasonable to
think that tissue fluid derived from the periapical tissues
may enter the root canal space to provide suitable
substrate. Indeed, ultrastructural investigations of mi-
crobes involved in failed treatment cases have demon-
strated that they are predominantly located in the apical
region of the root canal space in voids or accessory
canals.>*>* The proximity of microorganisms to the
periapical granuloma is consistent with the idea that
these microorganisms may be activated by adjacent
host molecules® and derive their nutrition from peria-
pical tissue fluid. Therefore, we evaluated the potential
of C. albicans and E. faecalis to use serum for survival
and for recovery of starved cells.

Human serum sustained growth of both species for
more than 6 months. Just 5% serum was enough to
support growth of low numbers (7.8 X 10* cfu/mL) of
C. albicans. Similarly, the results for growth of E.
faecalis in human serum showed that 5% serum sus-
tained the cells from low starting cell densities (4.6 X
10* cfu/mL) for >4 months, which correlated well with
the findings of a previous study.’ Thus, the availability
of even a low concentration of serum has the potential
to dramatically prolong survival of low cell numbers of
both species, compared with the requirement for a
significantly higher starting density to endure absolute
starvation.

In starvation-recovery experiments, starved C. albi-
cans cells were rapidly revived by addition of 50%
serum. Similarly, starved E. faecalis recovered with the
nutritional support of serum, as shown previously.’
These results illustrate that the gradual demise of a
small population of starved cells can be effectively
reversed if they have the fortune to encounter a nutri-
tional upshift from serum.
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Environmental conditions, e.g., interaction with cal-
cium and collagen components in dentin,*® have the
potential to influence fungal behavior and growth form.
Candida albicans grows in different forms, such as
germ tubes, yeasts (blastospores), pseudo- and true
hyphae, and chlamydospores, and, depending on the
environmental cues, switching may occur among these
morphotypes (except chlamydospores).’® Starvation
and revival of starved C. albicans cells may induce
morphologic switching, including to a hyphal growth
form where cells remain attached to each other after
division.?**" % Because cell survival was determined
by enumeration of colony-forming units on non-Can-
dida—specific plates, there was a possibility of an un-
derestimation of cell numbers if starved C. albicans
were not discrete single cells but had switched to a
chained filamentous form.

Cell survival was assessed by colony growth on
plates, which remains the gold standard for assessment
of cell viability. Alternative approaches, such as cell
staining, offer the potential of defining viable cells by
visible fluorescence of intact cell membranes but have
their own shortcomings, including nonspecific bind-
ing® and the potential for false association with via-
bility.*°

It is worth noting that a single strain each was se-
lected for study and that other strains may show differ-
ent morphologic, physiologic, and phenotypic proper-
ties. Nevertheless, in an earlier study, E. faecalis
showed similar starvation survival kinetics when 2
strains were compared” and the present results for C.
albicans are consistent with previous studies that dem-
onstrate long-term survival of the species in water.?*>'

In the root-filled canal, microorganisms may be in-
terred within dentin, filling material, adjacent voids, or
anatomic ramifications separate from the main root
canal. Nutrient availability at these sites is likely to
vary from substrate replete to complete starvation. As
shown recently, some prevalent endodontic pathogens
cannot survive starvation, and the prospects of survival
depend on a higher level of serum as a nutritional
source.*! Whether individual species will endure and
have the possibility to participate in posttreatment dis-
ease depends on many factors, but the present findings,
in conjunction with other studies,”*' show that cell
numbers, starvation-survival capacity of the species,
and availability of even low amounts of serum will
likely influence their fate.

In conclusion, this study has shown that C. albicans
exhibits starvation survival behavior similar to E. fae-
calis. Both species are capable of starvation survival for
>6 months and are able to use low levels of serum for
growth. These characteristics are conducive to species
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survival and contribution to posttreatment apical peri-
odontitis.
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