


Table 1. Number Rf turtles fed dog meal pellets pre-injected with concentrated, 10~
and 1077, 72 hour Serratia marcescens.
Trial 1 Trial 2 Trial 3 Trial 4
Genus Conc. 10°% 10™% Control |Conc. Control | Conec. Control | Conc. Control
Pseudemys 3 3 3 3 6 L 6 L - -
Chelydra 3 3 3 3 6 6 6 6 6 é
Chrysemys | - - - - - - - - 5 L

At
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water before replacing them in the cleaned tanks. A water

sample was collected from the tanks using a sterile one ml
pipet (Corning Glass Works). This sample (0.1 ml) was
plated on tryptic soy agar to ascertain that no Serratia

marcescens was present to contaminate the tanks.

One fecal sample was collected, if available, each
day from each turtle using a sterilized L-shaped 8.0 x 24 mm
glass rod. When available, the solid fecal sample was sus-
pended in a sterile pyrex test tube (16 x 150 mm) containing
0.9 ml physiological saline (0.85% NaCl) solution. The
standard pour plate technique usging tryptic soy agar and an
asparagine enriched agar was used for isolating organisms
from the samples. The asparagine enriched agar was to pro-

vide maximum pigmentation of Serratia marcescens as reported

by Dewey and Poe (1943). Duplicate plates were prepared with
tryptic soy agar and the asparagine enriched agar, using 0.1
ml of concentrated and 10'1 fecal and tank water samples.

The plates were incubated at room temperature and read for
growth after 48 hours. Samples were collected over a five

to nine day period for each of four trials.

RESULTS

A 48 hour culture of physiological saline (0.85% NaCl),
tap water, Ken-L Ration dog meal pellets and fecal material

from each genera of turtles on tryptic soy agar plates
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incubated at room temperature indicated that Serratia mar-

cescens was not present in any of these substances at the

beginning of the investigation. When Serratia marcescens

was added to each of the above and cultured on tryptie soy
agar and asparagine enriched agar plates for 48 hours at
room temperature, the bacteria was recovered from all cul-

tures and growth was abundant. The Serratia marcescens re-

covered from the fecal material appeared as a light pink on
tryptic soy agar and a slightly deeper flesh-pink on the
asparagine enriched agar. However, when diluted 10'1 and
subeultured on either agar, the bacteria displayed the normal
red pigment, prodigiosin.

No Serratia marcescens was recovered in the first

trial involving a five day observation period, when 72 hour
concentrated, 10~% and 10'“ serially diluted bacterial cul-
tures were introduced through inoculated food pellets to the
digestive tracts of three red-eared turtles and three snapping
turtles for each dilution. In the second and third trials,

Serratia marcescens was recovered from one of six inoculated

red-eared turtles in each trial for a maximum of 5 days. 1In
trial 2, four of the five positive samples from the red-

eared turtles were recovered by day 3. In trial 3, seven of
the eight positive samples for the red-eared turtles were re-

covered by day 2. Serratia marcescens was not recovered be-

yond day 3 in trial 2, beyond day 2 in trial 3, nor from any

of the control fecal or water samples (Table 2).



Table 2. The recovery of Serratia marcescens from Pseudemys scripta elegans in
fecal (F) and tank water (W) samples collected after the introduction of
72 hour S. marcescens to the digestive tracts of the turtles, expressed
as samples collected/S. marcescens recovered.

Nos of Inoculation Day 1 Day 2 Day 3 Day 4 Day 5

Trial turtles strength F W F W F W F W F W
1 3 Conec. 1/0 o/0 3/0 o/0 1/0 o/0 o/0 o/0 1/0 0/0

3 1072 0/0 0/0 3/0 0/0 1/0 0/0 0/0 0/0 1/0 0/0

3 107 o/o0 o/o0 o/0 o/¢ o/0 o/0 2/0 0/0 0/0 0/0

3 Control 1/0 o/0 2/0 o/0 1/0 o/0 2/0 0o/0 1/0 0/0

2 6 Conc. 2/1 o/0 2/1 o0/0 3/0 6/2 6/0 6/0 5/1 6/0

L Control 4/0 o/0 1/0 o/0 ©/0 o0/0 0/0 0/0 0/0 0/0

3 ) Conc. s/ 6/2 1/1 6/0 2/0 6/0 5/0 6/0 5/1 6/0

kL Control 2/0 4/0 2/0 4/0 o/0 o/0 o/0 o/0 0/0 0/0

61
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In the second, third and fourth trials using 12
snapping turtles for each trial, Serratia marcescens was re-
covered from 2/6 experimental turtles in trisl 2 until day 5.
In trial 3, the maximum retention ratio was 1/6 to day 3. 1In

trial 4, Serratia marcescens was recovered from 1/6 experi-

mental turtles until day 4. Nine of the 11 positive samples
in trial 2 were recovered by day 4; four of the 6 positive
samples in trial 3 were recovered by day 13 and 7 of the 8
positive samples in trial 4 were recovered by day 3.

Serratia marcescens was not recovered from any of the con-

trol feeal or water samples (Table 3).
The western painted turtles were used for one trial.

0f the five experimental turtles, Serratia marcescens was re-

covered from one individual on day 2. Red pigmented bacteria
were not recovered from the fecal or water samples of the
four control turtles (Table &).

Considering all trials the average percent recovery

of Serratia marcesceng from the alimentary tract of each ex-

perimental turtle was 32.9% for the red-eared turtles, 42.9%
for the snapping turtles and 20.0% for the western painted
turtles. The retention time ranged from 0 to 5 days for
both the red-eared turtles and the snapping turtles, and 0 to
2 days for the western painted turtles. The mean retention
time in days for each of the genera investigated was 0.6 for
the red-eared turtles; 1.1 for the snapping turtles, and 0.4

for the western painted turtles (Table 5).




Table 3. The recovery of Serratia marcescens from Chelydra serpentina serpentina in
fecal (F) and tank water (W) samples collected after the introduction of
72 hour S. marcescens to the digestive tracts of the turtles, expressed as
samples collected/S. marcescens recovered.

No.« of Inoculation Day 1 Day 2 Day 3 Day 4 Day 5

Trial turtles strength F W F W F W F W F W
1 3 Conc. 2/0 0o/0 3/6 o/0 1/0 o/0 0o/0 o0/0 2/0 0/0
3 10~2 0o/0 0/0 3/0 o/0 2/0 0/0 0/0 0/0 1/0 0/0
3 10”“ 3/o0 o/0 o/0 o/0 o/0 o/0 o/0 o0/0 0/0 0/0
3 Control t/0 o/0 2/0 o/0 1/0 o/0 ©0o/0 o0/0 0/0 0/0
2 6 Conc. 1/0 o/0 3/2 o/0 3/t 6/% 4/1 6/1 5/0 6/2
L Control 1/0 o/0 1/0 o/0 5/0 6/0 1/0 6/0 0/0 6/0
3 6 Conc. 3/2 6/2 3/1 6/1 3/0 6/0 6/0 6/0 0/0 6/0
6 Control L/0 6/0 4/0 6/0 o/0 o/0 o/0 0/0 0o/0 0/0
b 6 Conc. 3/t 6/3 4/t 6/1 1/0 6/ 2/0 6/1 4/0 6/0
6 Control k/0 6/0 2/0 6/0 o/0 o/0 0/0 0/0 0/0 0/0

41




Table 4.

The recovery of Serratia marcescens from Chrysemys picta belli in fecal
(F) and tank water (W) samples collected after the introduction of 72
hour S. marcescens to the digestive tracts of the turtles expressed as
samples collected/S. marcescens recovered.

Trial

No. of Inoculation Day 1 Day 2 Day 3 Day 4 Day 5
turtles strength F W F W F w F W F L}

Conc. k/0 s5/0 3/0 s5/1 4/0 5/0 &/0 5/0 4/0 5/0
Control hL/0 4/0 4/0 4/0 o0/0 0/0 ©o/0 0/0 0/0 0/0

81
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Table 5. Percent recovery and mean retention time of
Serratia marcescens in the digestive tracts of
three genera of turtles given food inoculated with
72 hour $S. marcescens.

Pseudemys Chelydra Chrysemys

Experimental turtles
per trial 7 i 5

No. of turtles excreting
S. marcescens per trial 2.3 3 1

Percent recovery
per turtle 32.9 42.9 20.0

Retention time range
in days 0 -5 0 -5 0 -2

Mean retention time
per turtle in days 0.6 1.1 0.4




20

Throughout this investigation, the quantity of

Serratia marcescens recovered from any of the experimental

turtles, never exceeded two colonies per plate. All of the

recovered Serratia marcescens were isolated on tryptic soy

agar, except two colonies which were isolated on asparagine
enriched agar. All sampling from day 6 to day 9 was nega-

tive for Serratia marcescens.

The correlation between the average number of turtles

of the three genera investigated, excreting Serratia mar-

cescensg after the introduction of the bacteria to the
turtle's digestive tracts and the consecutive fecal and/or
water samples recovered is illustrated in Figure 1.

None of the turtlies inoculated with Serratia marces-

cens showed any signs of illness after the introduction of the
bacterial organisms. All turtles, both the experimental and
the controls continued to eat normally and were typically

active throughout the investigation.

DISCUSSION

Under the conditions established for this investiga-

tion it is suggested that Serratia marcescens cannot with-

stand the environmental conditions of the gastro-intestinal
tract of the three genera of turtles studied (Figure 1).

The presence of bactericidal substances as reported by Duncan

(1926), the influence of coproantibodies in inhibiting
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Average Number Turtles/Trial
I

l— 1\
"

O S
1st 2nd %rd 4th S5th 6th 7th

Fecal/Water Samples

Figure 1. Correlation between the average number
of three genera of turtles per trial excreting Serratia
marcescens after tne introduction of the bacterium to the
turtles' digestive tracts through inoculated food, and
the consecutive fecal and/or water samples recovered.




22

bacterial adsorption to the intestinal mucosa (Fubara and
Freter, 1973), the nature of the food ingested, the hydrogen
ion concentration which varies from 2.2 - 9 in the digestive
tracts of turtles (Fox and Musacchia, 1959), the moisture
content of the intestinal tract, the digestive fluids and
secretions, the inhibitory lysozyme which may act syner-
gically with trypsin, the frequency of defecation, and the
nature of the intestinal wall, may to some degree account

for the inability of Serratia marcescens to survive the

gastrointestinal tracts of Pseudemys, Chelydra, and Chrysemys

for long periods of time.
Intestinal motility may be an important limiting fac-

tor in the retention of Serratia marcescens in the turtle's

digestive tract. In this study, several turtles were ob-
served consuming their own feces immediately after depositing
it. Apparently food material is passed through the alimentary
tract before it is completely digested possibly retaining some
nutritional value. This may explain the appearance of one or

two colonies of Serratia marcescens in the few positive fecal

cultures recorded in Tables 2, 3 and 4. The bacteria may
have escaped the bactericidal activity of the intestinal en-
vironment by being embedded in a food particle whieh passed
through undigested. This assumption is supported by the

observation that Serratia marcescens was recovered from some

tank water samples and not from subsequent fecal samples from

the same turtles.
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When bacteria are exposed to a physical or chemical

agent inimical to their survival, death usually does not
occur instantaneously to the entire population. Rather,
the death rate for a particular organism follows a definite
predictable pattern. Under uniform conditions the number of

organisme will be reduced by the same percentage during each

equal period of time (Pelczar and Reid, 1965). By using the
bacterial retention time as an indication of bacterial sur-
vival in the intestinal tracts of the experimental turtles,
this predictable pattern of death of the bacteria seems to
be supported by the data shown in Figure 1.

The zero retention time of trail 1 (Tables 2, 3 and
4) is probably a result of the initial difficulty experienced
in attempting to successfully introduce the marker bacterium,

Serratia marcescens, to the turtles. Some of the turtles had

tobe force fed by directly depositing the bacterial suspen-
sion in the mouth cavity. By using this technique, the
Serratia, unprotected by surrounding food, may have been ex-
posed to enzymatic destruction in the mouth as well as the
gastro-intestinal chemical digestion. This may also account

for the limited persistence of Serratia marcescens in the

western painted turtles in trial 4 (Table 4).
Being much smaller in size, the red-eared turtles
tended to macerate the inoculated food balls to a much greater

extent than the larger snapping turtles. This may explain

the increased bactericidal activity of the red-eared turtles
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as compared to the snapping turtles (Tables 2, 3 and 5).

It could be mssumed that the bactericidal capacity of
the digestive tracts of turtles would be high due to their
scavenger feeding habits. Although turtles are known to be
omnivorous with sidely diversifisd nutritional reguirements
(Carr, 1952; Clark and Gibboms, 1969; Feuer, 1971), Pell
{1940} reported a preference for carrion over live fish in
his study of snapping turtles captured along the eastern
coast of the U.S8. An efficient bactericidal capacity would
likely be an essential survival factor in such animals.

Adverse temperatures and crowding have been reported
as having a2 debilitating effect on organisms and possibly
rendering them more susceptible to infection. Neither of
these factors appear valid under the conditions of this in-
vestigation for the turtles used. Adequate provision for
body temperature modification and regulation was supplied
for these poikilothermic animals by the incandescent lamp
left on for the duration of the entire study. The basking
habit of turtles may also directly affect the persistence of
bacterial invaders since the resultant elevation of body
temperature would raise the rate of phagocytic activity
(Board and Fuller, 1974). Each time the tanks were cleaned
(once each day) they were refilled with cold tap water. This
provided an additional opportunity for thermoregulation.
Since each of the turtles were housed in a separate tank,

population crowding is also overruled as a stress factor.




However, as the normal migration range of these turtles is

much greater than the confines of the tanks used in the
study, some stress may have been present. Nevertheless, the
ability of these animals to resist the bacterial invasion of

Serratia marcescens indicates, that if present, this crowding

factor was insignifiecant in determining individual suscepti-

bility to the potential pathogen.

serratia marcegcens is apparently non-pathogenic in

turtles. As reported earlier, no signs or symptoms of illness
or homeostatic disturbance was observed at any time during
this investigation. The fecal material of the experimental
turtles showed no macroscopic variation from the feces of the
control turtles. When plated on tryptic soy agar or aspara-
gine enriched agar, similar quantities and varieties of
normal bacterial flora were isolated from all the turtles.

In view of the fact that Serratia marcescens has been reported

as an insect pathogen when present in sufficient numbers

(Bucher, 1960; Proctor, 1964), it can be implied from this

investigation that the pathogenicity of S. marcescensg is

host«dependent and is quite variable from one host to another.
This study indicates that the turtle is probably not

a vector for potential pathogens when held in a tank for

five days. However, this response does not preclude the pos-

sibility that turtles may be vectors for other human patho-

gens. Further studies are needed to determine the retention
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time of known human bacterial pathogens in turtles before

these Chelonians may be considered as pathogen-free pets.

SUMMARY

A study was made todetermine the persistence of the

bacterial species, Serratia marcescens, in the intestinal

tracts of three species of turtles. The bacterium was in-
troduced by injecting it into a food pellet and feeding

this inoculated food to the experimental turtles or by direct
inoculation of the bacterial culture into the mouth of the
turtles without the use of food pellets. Control turtles
were maintained under similar conditions without bacterial

inoculation. Retention time of the Serratia marcescens by

the turtles was measured by collecting fecal and tank water
samples once a day for five to nine days and plating these

samples on tryptic soy agar and an asparagine enriched agar.
All plates were incubated at room temperature and read after

48 hours. The experiments showed that Serratia marcescens

produced no visible changes or symptoms in the turtles and
the bacterial species was unable to be demonstrated in fecal

materials from the turtles after five days.
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