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Abstract:

Cultural media and methods for leptospiral growth were reviewed to find a system to promote growth
from a small inoculum size, to obtain high cell densities in a short time period, and to detect leptospiral
growth early in culture. Ellinghausen and McCullough's albumin-tween medium was found to be the
best media for culturing and growth.

A 70% isolation success from natural water was achieved using natural leptospiral motility across a
0.22 um pore size membrane into semisolid culture medium. The addition of 100 pg/ml 5-fluorouracil
to the semisolid recovery medium helped control background contaminants.

A purification system which relied on leptospiral motility and drugs, in particular colistin, was used.
This was found to be satisfactory for removing the major problem contaminants, which were small
spiral organisms. Further purification was accomplished by membrane passage and other conventional
methods.

Survival studies were made with membrane side-wall, diffusion chambers. Leptospiral hardjo and L.
pomona were found to survive for periods of a week or more when they were suspended in water
environments. Leptospires were also found to survive and reproduce in algal supernatant.

Leptospiral recovery was possible from moist soils and most natural waters. Areas of high pollution
showed higher leptospiral numbers than those of lower pollution, with "pristine" sites showing no
leptospiral recovery. The ability of leptospires to survive in water and algal supernatant as well as
recovery from water and moist soil reflects a wide distribution. Harboring of leptospires in these
various environments may assure a continuous infectivity of surface waters with leptospires.
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ABSTRACT

Cultural media and methods for leptospiral. growth were reviewed
to find a system to promote growth from a small inoculum size, to
obtain high cell densities in a short time period, and to detect lep-
tospiral growth early in culture. Ellinghausen and McCullough's
albumin-tween medium was found to be the best media for culturing and
growth.

‘A 70% isolation success from natural water was achieved using
natural leptospiral motility across'a 0.22 um pore size membrane into
semisolid culture medium. The addition of ‘100 ug/ml 5-fluorouracil to
the semisolid recovery medium helped.control background contaminants.

A purification system which relied on Tleptospiral motility and
drugs, in particular colistin, was used. This was found to be satis-
factory for removing the major problem contaminants, which were small-
spiral organisms. Further purification was accomplished by membrane
passage and other conventional methods. '

Survival studies were made with membrane side-wall, diffusion
chambers.  Leptospiral hardjo and L. pomona were found to survive for
. periods of a week or more when they were suspended in water environ-
ments. Leptospires were also found to survive and reproduce in a]ga]'
supernatant.

Leptosp1ra1 recovery was possible from moist soils and most

.- natural waters. Areas of high pollution showed higher Teptospiral

numbers than those of lower pollution, with “pristine" sites showing
no leptospiral recovery. The ability of leptospires to survive in
water and algal supernatant as well as recovery from water and moist
s0il reflects a wide distribution. Harboring of leptospires in these
various environments may assure a continuous infectivity of surface -
waters with leptospires. : '




CHAPTER 1
INTRODUCTION

The increased use and reuse of the water resource has intensi-
fied interest in water quality and in methods for evaluating water

anlity. The search for a bio]ogica]lindicator which can be easily

' assayed and which gives a clear correlation with specific types of pol-

- Tution has long been sought. The fecal coliforms are widely used

organisms for detecting animal and human fecal pollution, which could
contain water-borne pathoéens. The interrelation of the fecal coli-
forms and other fecal poliution indicators with water-borne pathogens |
remains obscure, although probable pathogenic contamination can be
suspecped when'fecal coliform counts are high.

. Difficulties in obtaining definitive information concerning the

' potent1a1 health- hazards of pathogenic bacteria through the use of
.1nd1cator systems has 1ncreased interest in the surv1va1 and v1ru1ence

~of pathogen1c bacter1a in the environment. Of. the hundreds of d1seases

involving animals there are more than 150 whwch are zoonotic (16).: Some
of the better knowh ones are salmonellosis, brucellosis and 1epto-
spirosis.

The complex epidemiology, the increasing recreational exposure
(80) and the ihproved diagnosis of'previohs1y1unrecognized mild forms
of leptospirosis (47) have made 1eptosp1rdsis a disease of public sig-

nificance. Leptospfres have been shown to survive in water (66,8,4),




2

soil (59,37) and animal wastes (16,17), however little is- known of their
actual abilities to endure hostile environments and to maintain their
'yiru1ence'apart from their host animals.

| The - information gleaned about leptospiral behavior in the e;vi;
ronment has Targely been gathered through laboratory" exper1ments,
through ut111zat1on of host an1ma1s, and by following 1eptosp1ros1s
cases. Methodo1ogy enabling in vztro and in situ observation and

experimentation needs to be expanded to fu]]y explore the interactions

and impact of pathogen1c 1eptosp1res in the environment.

Statement of Purpose

The aim of this research is to develop methods and to utilize
these methods for in situ and in ditro examination of 1epto$p1res; In
particular, the gda]s are to Took at the survival of lentospires in
water as compared to indicator organisms and to_fecover Tebtospires from

the natural water.systems.




CHAPTER 2
LITERATURE REVIEW

The first observancg of lTeptospira-was in 1905 by Stimson who,

1ﬁ examining tissue from a "yellow fever" case, noted long thin spiral
dkganishs. It-was.ré;1ized lTater that these'thih spira17organism§ were
-icteric-producing leptospires and were themselves the cause of the
“ye]]ow fever." Stimson called these organisms Spirochaeta interrogans
(74). Iﬁ 1913, S. B. Wolbach and C. A. L. Binger dgscribed the same
type of organisms from fresh water sources. They were unable to cul-
tivate these organisms (84). Later researchers, wofking with a
pathogenic spiral organism, were able to cultivate them in sera-

‘containing media. They named their isolates Leptospira icterohaemor-

rhagiae, and identifjed it as the etiological agent of Weil's_diseaée
described in 1886 (40,57). | |

| Iﬁcreasing isolation of these thin spiral organisms gave
evidgnce thét the epidemiology of leptospiral infections is complex.
Theng are now over 190 serovars described and of these 150 are named
and‘#;cognized (68,82). These serovars are placed in 18 serogroups
based on cross-agglutination and in two complexes based on their
parasitic or saprophytic character. The “Interrogans_Comp]ex“ includes -
the serovars which have been isolated from sick animals or carriers.

They are pathogenic to some.and may be commensal to other animals. The

"Biflexa Complex" includes about 70 nonpathogenic, free-living serovars
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which have been isolated from surface waters and moist soils.

Ep1dem1o]ogy

Leptosp1ros1s is cosmopo11tan in nature.. Fifteen ot the.seho—

f groups have been.conf1rmed or suspected as infective agente by sero- |
1Qgica1 means (47). Before 1948, I. ieterohaemorrhagiae wWas recognized
as the major infective serovar, with L. canicola recognized to a lesser
extent. After 1948, with improved isolation, culturing and maintenance,
the complexity of leptospiral epidemio]ogy became apparent. The rat
leptospire L. ‘icterohaemorrhagiae was displaced by L. canicola as the-
most frequent etiological agent. In 1971 and 1972 the. five major common :
source eutbreaks occurred in Minnesota, Texas, Missouri, New York and
Oregon, and were attributed-to'the serogroups.Autumna1is, Canicola,"
Interoheehorrhagiae;‘Pomona and Autumnalis, respectively. The ohtbheak
in Mtnneéota was attributed to riding go-carts in a farm yard after
'seasbnai rdtnsi In Texas the outbreak was among children playing in
pools of water w1th infected dogs. The outbreak in Missouri was
associated with infected dogs that were shedding 1eptosp1res in the1r
urine. . The outbreak in New York was attributed to contact w1th urine
of infected cattle, and that in Oregon with ah infected dog and a moist
enVihonment (31).. The mild anicteric forms of 1eptosp1ros1s are recog-
n1zed as more prevalent than the severe icteric forms.

Pathogen1c leptospires -are found as parasites of both wild and
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'-dqmestic animals. One or more host species will acf as'the/resefvoir
for a specific.1eptospirai jnfeﬁtion with other animals, }ncludihé man,
being infected in localized outbreaks. The Norway rat is a carrier and
éhedder of L. ictérohaemorrhagiae; Counts of 109‘organisms per miHi-
Titer have been shown in the urine of the asymptomatic Norway rats (3).
Leptospira pomona is usually associated with swine, and to a 1e§ser
extent, with cattle and sheep. Dogs are the major cafriers of L.
-eanicola. The rodent popu]atidn has been found to be the ﬁdjor‘$ource—
reservoir in feral popuiations; Leptospires have been isolated from
nonmammalian hosts such as frogs (22) ana turtles (36). Insects doAnot

appedr to play a role as carriers or vectors of infective leptospires

(62).

Transmission

Transmission occurs through contact.with infected blood, urine,
tiﬁsues and organs. Leptospires are indirectly transmitted through
contaminated natural fresh water systems, soils, muds, vegetation and
food stuffé. Mucosal membfanes of the nose, muzzle or the moufh, skin
abrasions, and conjunctiva are the sites of entry. A.study on guinea
pigs, whose abdbmina] hair was shaved'and the abdomen then exposed to
s]ow]y.f1owing water containing L. pomona, indicates that,giveﬁ time,
the Teptospires can penetrate intact skin (33). Direét cbntact occurs_4

when handling infected. hosts and their fresh carcasses and organs.
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Other important r@utes of fransmiséion are coitus and transp]aéen£a1
‘infection of the fetus (62,80). :

| Léptospira] infection in man is often dependent on occupational
hazards. .Veterinarians, farmers, hunters, slaughter house workers: and
miners are examples of the types of workers developing 1eptospiré1 in-
“fections. While occupational disease incidence has been decreaéihg,
‘except that of the farmer, recreational activities aré.ac¢ountfhg‘for
increased numbers 6f ]eptospira] cases. Swimming, wading and contact
with infected pets (1n particular, dogs) have become the major sources
of 1eptospirosisfjn man.

Reported cases-of Teptospirosis have been increasing in fre-

quency in the last five decades. Sixteen cases in 1925-1934, 230 in

1935-1944, 267 in 1945-1954, 705 in 1955-1964 and 791 in 1965-1974

have been reported (47). The increase in numbers of'cases is probably

due to improved recognition of mild cases of leptospirosis and to
increased recreational exposure especially swimming and wading iﬁ
contaﬁfnated areas.

_' ~:> Thé eradication of 1eptos§1rosis appears to be unachievable due
to the comp]ekitﬁes of host reéervoirs and the‘bOtential sﬁrviva] of
leptospires in water. Some cohtro] has been accomp]ished‘through‘vac-
~ cination of domestic herds (such as cattle and swihe) using_muftivalent
antigehs of the fypés most prevalent in that area. However, the effi-

cacy of vaccines and cross reactions among the pathogenic leptospires
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are not fully understood. Vaccination of human populations does not

- seem practical because of the Tow incidence of leptospirosis in man.

Some high risk vocations may warrant vaccination (75).

Pathogenicity

Leptospirosis is protean in nature, dependent upon the host and

. the infecting serovar as well as other poorly defined characteristics.

The é]as;fca]IWei1‘s leptospirosis is usuai]y considered to follow

three separate stages. After penetration through mucosal membranes or’

~ abraided skin, the leptospires quickly enter the blood stream. They

then spread throughout the visceral tissue with the kidneys and Tiver

bearing the brunt of the infection. After, this primary leptospiremia,

the populations increase in size and a fever will occur usually 6 to 8

days aftef infection. The septicemic stage is characterized‘by gener-
alized muscular-aches and pains, and exquisite tenderness of musc]es,
particularly fhe gastrocnemisis muscles. Headache, nausea and vomiting
reflect meningeal irritation. Occasional intense conjunctival conges-
tion and hemorrhage may occur as well a§ petechial and'ecchymotic
hemoffhages appearing on the skin.

.In the third to seventh day, the toxic or icteric stage begfns.

| Jaundice appearé in about 2/3 of the cases, with an enlarged and tender

Tiver. The jaundic condition lasts for a few days and gradually de-

. creases over-the remaining course of the disease. At the end of the
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first week, oliguria may appear and pfbgress to anuria leading to
uremic death. |
The cdnva]escent stége shows the fever slowly falling and urine
output returning to norma]l The jaundice gradually fades and thé

patient generally returns to normal (35,64).

Maintenance
Media for cu1tivating and maintaining leptospiral cu]tufes are
of three types. The original successful growth media contained sera
(40).‘ Different sera were used with varying success, with rabbit
becoming the serum of choice. A pool of rabbit serum made up of sera
from at Ieast 20 Teptospiral negative rabbits has become the most suc-
cessful medium additive. Seré-containing media consist of a basal
salts buffered portion with serum added to form 8 to 10% ofthe volume.
Some'of the serovars may réquire as much as 20% serum for‘grOWth to
occur. 'Examp1es of thi§ typé of media are Fletcher's 1928 (29),
Korthof's 1932 (49), Stuart's 1946 (76) and modifications of these (81).
Lebtospira] media 1n‘w1de use at presenf include those con-
taining albumin fractions and po]ysorbatés. Earlier attempts to
utilize albumin fractions of sera proved unsuccessful, because in these
hedia formulations, the importance of only one vitamin was stressed and
the requirements for 1ipids was not known. With the add%tion.of B12 and

and 1ﬁpids in the form of polysorbates, the albumin media became suc-
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cessful in cultivating Teptospires (21). The most widely used albumin-
tween media are those of Ellinghausen and Mch]]bugh and a modifiqat{on
by Johnson and Harris (25,45).

The’third type of medium is the chemically defined'serum—free
synthetic medium. Several researchers have described media of this
type. Shenberg (]967) has had the most success and was able to sub-
culture 52 strains belonging to 12 serogroupé (68). Work is still
incomplete in formulating chemically-defined media capable of sustain-
ing all the serovars. Thus, most media used in routine culturing
consists of the first two types.

Three forms of media are used for various culturing needs.

Liquid medium is essential for growth oflantigens for serum testing as
»f1akes of agar interfere With test results (81). Semisolid agar media
are the media of choice for maintenance of stock cultures. Growth of
1eptdsp1res occurs faster, and with greater success in semisolid media.
Some of the serovars, especially those of the Hebdomadis serogroup; are
difficu]t_to culture without the use of semisolid media. The nutrient
value or other beneficial properties of agar are not unde&stood in
culturing leptospires (21). Solid agar media are used to study colony
morphology and as aids in isolation and purification. The saprophytic
Teptospires will usually become visible within 3 to 4 days on solid 1%
agar media. The parasitic leptospires may réquire 14 to 20 days with

some of the serovars being very difficult to observe on solid agar (73).
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Incubation of 1eptospiresiis generally done in the dark with a
tempeﬁature of 27-30° C. . Some researchers-claim primary incubation at
37° C for a 2-3 day period enhances leptospiral growth, but qﬁher
workers disagree (81). Lower temperatures tend to decrease the growth
of pathogenic leptospires, while 56° C for a few minutes will kill
leptospires (81). -~Johnson and Harris have suggested the use of growth
at 10Wer temperature as a means to differentiate saprophytic and
parasitic leptospires (45). Culturing is also carried on at rbom‘tem—~
perature.

Survival of leptospiral cultures usually depends upon tranéfér
to fresh media at 3-4 week intervals. Cultures have remained viable
for over_a year in Ellinghausen and McCullough semisolid medium. Freeze
drying may be the method of choice for maintaining cultures over long
time periods since subculturing often results in loss of virulence and
may result in antigenic alterations giving false information in sero-

logical examination (81).

Morphology

Leptospires are Gram-negative, long, thin, tightly-spiraled
organisms. They are 4-20 um long and approkimate]y 0.1 um in diamefer.
Under certain conditions, they may obtain a length of 30-40 ﬁﬁ. The
coils have 0.2-0.3 um overall diameter and a pitch of 0.3-0.5 um.

There are two axial filaments, one inserted at each end %n terminal

disks with the free filament ends meeting at the center of the organism.

4
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A sheath or envelope encloses both the axial filaments and the cyto-
plasmic body (42,55). Three forms of movement can be seen. A to-and-
‘fro shunting with a short rest at the change in direction aﬁd‘rapid'
spinning of the hooked ends about the axis can be seen in 1iquid medium.

In semisolid agar, ‘leptospires move in a serpentine fashien, boring

through the medium (58). )

Observatfon‘
' .Dark-field microscopy is the method of preference for viewing
leptospires. The high, dry objective of 43X is generally acceptable
for most observations. Oil immersion can be used for better resolu-
tion. Phase contrast microscopy can be used, although, due to the
leptospire's long thin shape, they are not very phase dark and dd not
show up without a'great deal of focal plane adjustment.- Electron
microscopy has been used for gross morpho]ogy and viewing transverse
-and Tongitudinal sections (70). Light-fielq microscopy is of limited
value. for observing leptospires, however, leptospires may be rendered
visibie thfough the use of silver 1mbregnation and aniline dyes (5,69).
Macroécopic observation depends on the type of media used for
culturing. Growth in semisolid media generally appears as thin disks
3-5 mm 5e1ow the surface. Several disks often appear with the number
of discreté disks dependent upon the age of the culture. In some types
of media or in certain batches of media, these thin disks do not appear,

although growth of motile leptospires can still be observed upon micro-
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scopic examination. Dinger fifst wrote about these thin disks of growth
in 19325 thus, this growth phenomenon has come to be called the Dinger
ring (15).

Leptospiral growth in liquid media is recognized by increasing
turbidity and a shot silk appearance upon agitation. Growth on solid
agar was described by Cox and Larson in 1956 (12). Appearance on solid
agar depends upon several parameters outlined by Cox in 1966 (11).
Since the 1eptosp5res have such a Tong generation time and incubation
must be carried out over an exfensive period of time, it is necegsary
to pour plates of sufficient depth to prevent drying. Care must be
taken in étreakihg to allow formation of colonies. Plates should be
incubated for.at least 3-4 weeks before they are considered ?egative.
Some strains, due to their fastidiousness, may not grow 6n the solid
agar used. The concentration of agar is very important; 1% agar -
appears to be the best concenfration, although some leptospires form
" thin veils of growth at this agar concentration and may‘néed 1.371,4%
agar. - |

| While 1mmunof1uore§cence'has Been used to detect Teptospires,
thfs technique at present‘hés Timitations due to cross-reaction
problems; When demonstration of leptospires is the on1y goal, fluores-

cent antibody techniques may be the methods of choice (37).
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Enumeration

In Chang's early work on the surviva1 of Leptospira ictero-
haemorrhagiae counts were made by placing a drop of a Teptospiral
suspension upon a slide from a cg]ibrated capiliary. A standard cover
s1ip was then placed over the drop and it was examined with the high
dry objective of a dark-field microscope. Twenty fie]dé were examineq
for each preparation. Chang had to resort to this type of counf be-
cause no counting chamber was availabie which was thin enough to use
on a dark-field application (8). With the advent 6f the Petroff-
Hausser bacterial counting chamber, researchers began making direct
counts of Teptospires. Plate counts have also been obtained using
spread plate techniques (51). Later Schiemann had success generating
survival curvés using most probable number procedures (67). Measure-
ment of turbidity has also been used to monitor the growth of ]eptp-
spires. Greene used a Klett-Summerson photoelectric colorimeter (34)
and E11linghausen used nephelometry as a measure of growth (27). .Since _
nephelometry measures only scattered Tight the color of the medium does
not interfere with measurements, thus turbidity measured via nephelo-
metry correlates well with direct microscopic counts. Nephelometry has
become the'turbidity measurement of choice in enumeration of Tepto-

spires.

Isolation

Leptospires can be isolated from the tissue of an infected host.
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.Infected tissue is removed éseptical]y, ground, diluted in buffer and
then placed in replicate tubes of sémiso]id media (77). "If care 15
Vtakén, puré cultures can be obtained in this manner (60). Surface
waters can also be sampled for leptospires by inoculating an appropriate
host, such as guinea pigs -and hamster; in the weanling stagé, intra-
peritioneally Qith the sample. After a period of incubation; tissue
is then harvested and placed in tHe appropriate medium (19,32). Isola-
tioﬁ through the use of host animals has been'vefy suéces§fu1, but cost,
expertise and time are all high when using Zn vivo isolation techhiques.
| In vitﬁo‘isolation haé met with some success. Researchers such
as Cox were able to cuitivate leptospires from surface waters by p]aéing
a drdp'of filtered water on solid agar medium and then watching for .
Teptospiral growth on the advancing edge of bacterial growth (11). Fil-
tration has also been used as a method of isolation (6,63,79). These -
methods usually consist of filtration through decreasing pore size mem-
brane filters until the final filtrate has passed a 0.45 or 0[22 pm
pore-size membrane. The filtrate is then inoculated into culture media.
. A method described'by Smibert to decontaminate a']eptospirq]'ch]ture |
has also beén used to isolate leptospires (17,70). This method consists
of p]acing_a ster%]e membrane of 0.22 or 0.45 um pore size on a ;o]id
agar surface and sealing a steri]e_ring to fhe top of fhe membrane.
The sample is then placed inside the ring. After several days of in-

cubation, the mehBrane and ring are removed and the agar checked for
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leptospiral growth. Leptospira canicola was isolated from the urine
of an infected dog using this method (P. Thomson, personal communica-

'iion).

Purification

A problem in isolation and cultivation of Teptospires is
contamination by other bacteria. Since leptospires are capable of
' passing a 0.22 um pore size filter, the methods of Smibert, Rittenberg '
and Braun can be utilized to eliminate some contaminating bacteria (6,
63,71). The addition of drugs such as neomycin (57), 5-fluorouracil
(46), furazolidone (56), sulfathiazole (10), acidione (10), singly and
in combination has also Been used for decontamination (10,56).

‘Streak pJatés and dilution have aféo been used for purificatian,
howevér, due fo s]ow'growth and tHe failure of some leptospires to grow
oh.agar media, these methods may be limited in value. .Pdrification
may also be accpmp]isﬁed through animal passage, which maintains viru-

Tence or may revive Tost virulence (69).

,Surviva]i '
- Survival of leptospires in natural systems plays an important .
part in transmission to host animals. Some of the'early work by Chang
indicated that survival times may be quite long (8). At 25-27° C and
pH 7.0, L,-icteroharmorrhagiae survived fbf 30-32 days in sterile tap

water and 98-102 days in sterile tap water plus 1% serum. Die;ch showed
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that motile Teptospires could be found after six days in selas candles
suspended in a ditch of manure (16). Other studies show survival times
6f‘a few hours to several weeks and in some cases several months depend-
ing on the temperature, bH and type of suspending fluid (59,65). Sur- -
vivq] in frésh watér systems is dependent on a pH rangé of 6.8-8.0 and
‘..é'temperature range of 7-30° C (13). ' |

| Cattle have been shown to :shed ag'many'as 108 leptospires per
ml in their urine (32). Periods of heavy rain and flooding have also
been shown to increase the concentration of leptospires in water (4).
Thus, démonstration of survival and transmittance in water systems is .
_dependeﬁt upon the number‘of leptospires shed into the system as well
as the abﬁ]ity to -detect leptospires through in vivo and in vitro
téchniques.l Another factor confusing leptospiral survival studies is
the saprophytic leptospiral ﬁobu]ation 1nteffering.w1th the reéovery

of épecific leptospiral serovars (42).




CHAPTER 3

MATERIALS AND METHODS

Organisms Utilized

Three serovars representing three serogroups of leptospires
were utilized in these studies. Leptospira'pomona and Leptospira
hardjo, Commupicab]e Disease Center (CDC) serovars, representiﬁg the
Pomona serogrbup and the Hebdomadis serogroup, respectively, were
kindly supplied by Mrs. Kay Newman from the Montana State Departme&t
of Livestock Diagnostic Laboratory in Bozeman, Montana. Leptospira
pomona was used for most of the studies. The saprophytic serovar
Leptospira patoc (American Type Culture Collection #23582B), repre-
senting the Semaranga serogroup, was usedlin comparative studies.
Leptospiral isolates from the springs and streams surrounding Bozeman

were also used in some of the studies.

" Media

Water Utilized. The water used for media and buffers was either

double distilled water stored in glass or water obtained from a Milli-Q
activéted carbon, ion-exchange system (Miltipore Corp., Bedford, MA)
following single distillation.

| Buffers. Sorensen's buffer and peptone-phosphate buffer were
used for washing, resuspending and diluting organisms. Sorensen's
buffef was made by adding 8.33 g Na2PO4 (anhydrous) and 1.09 ¢ KH,PO,

(monobasic) to one liter of distilled water. The pH was then adjusted
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to the range of 7.4-7.6 with 2N NaOH. Peptone-phosphate buffer was
' made by adding 1.25 ml of phosphate stock'solgt%on (2) to one 1iter of
distilled water and then adding peptone (Difco) to 0.1%.' Theva was |
then adjusted to-7.4 with 2N NaOH.

Solid, Semisb]id and Liquid Media. Three types of media Were

used for these studies. Semisolid medium made with a 0.25% agar con-
centration (BBL, Agar Purified) was used for maintenance, isotation and
enumeration. Solid medium at a 1% agar concentration (BBL, Agar Puri-
fied) was ‘used for isolation, purification and enumeratidn. Liquid
medium was used to grow leptospires for survival studies. The semi-

~ solid and liquid media were stored at room temperature in 100 mi

amounté énd dispenéed as needed. The solid media were plated and .stored
at 45 C. .A11 media wereichecked for sterility before use by streaking
on Tryptic Soy Agar (Difco) and by visual inspection. The various

~ media utilized are shown in Table 1.

Bovine Serum Albumin Media. ElTinghausen and McCullough mediuh

(EM) and the Johnson and Harrison modification (EMJIH) thereof were pre-
~ pared. as described (25,45). A modification in préparation of El]ingr
hausen and McCu]]ough‘medium'was made'as fo]]oﬁs: to 879 ml of water,
40 m]vof'25X buffer, 50 ml of 20X salts, 1 ml CuSOdSHZO, 10 ml 2n504' ‘
7H20 dnd 20 m]lFeSO4'7H20 were added. Thiéiwas stirred for 5 min and
" then 260 mg L;cystﬁené Was added and étirring confinued for another

5 min. This basal mixture was then filtered through a 0.8 um pore sizg




19

Table 1. Leptosp1ra1 Growth Media Used in These Studies and the MaJor
Components Other Than Basal Salts

Oteic Tr‘ypC

o

Media . BSAZ Seruﬁ 'Tween-80 MEM Acid PO4
ETT1inghausen

McCullough (EM) X X

Johnson Harrison ,

Modification of EM (EMJH) - X X

Minimum essential ;

medium-oleic (MEM-BOH) X X X
Minimum essential

medium tween-80 (MEM-BT) X X X

Fletcher : ’ X

Stuart ' ‘ X

Cox (SM 1) X : X
Cox (SM 2) | X

4Bovine Serum Albumin Fraction V.
. bM1’n1'mum essential medium, Dulbecco's modification.

CTryp_tose phosphate.
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membrane filter and the pH adjusted to 7.4 with 2N NaOH. This ;olution
was either autoclaved for 15 min at 15 1b ?r filter sterilized throUgh
a 0.22 ym pore size membrane. Agar was also added to the basal mixture
if semisolid or solid medium was desired.

The albumin so]utioﬁ was made.by adding 12.5 g bovine serum
albumin fraction V (Pentex) to 250 ml of distilled water. While stir-
ring 1.2 ml of tween 80 (Baker), 0.1 ml thiamine stock and 0.2 mg B12
were addedf The pH was adjusfed to 7.4 with 2N NaOH. The medium was
then filter stefi]ized by sequentially passing through 0.8 um, 0.45 um
and 0.2 -um pore éiie membranes. The albumin so]ﬁtion was then added

“to the basal solution.

Minimum Essential Media. Two types of media utilizing minimum

essential tissue culturing media were used. Both contained Du]becco'é
modified Eagle medium (Cat #D714, International Scientific Ind.) The :
minimum essential medium containing bovine serum albumin oleate was
prepared as described by Finn and Jones (MEM-BOH) (28). The other
minimum essential medium With bovine serum albumin and tween 80 (MEM-BT)
was prepared by adding 13.43 g Dulbecco's modified Eagle medium, 5 g
bovine serumAalbumin, 1.2 h] of tween 80, 1.1 ml glycerol and 0.2 mg ‘
B12 to 500 ml of water. The mixture was édjusted to a pH of 7.4 with
2N NaOH. This mixture was then filter sterilized with a 0.22 um pore
size membrane filter (Millipore). To another 500 ml of distilled water

0.5 ¢ Na2HP0 0.2 g KH2P04 and 0.25 ¢ NH4CL were added. This portion

43
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~ was either autoclaved or filter sterilized. . Agar was added for solid
or semisolid media. The pH was adjusted to 7.4 with 2N NaOH. The two
portions were then added to give a total of one liter.

Serum-Containing Media. Fletcher's and Stuart's media formula-

tions were used for serum-containing media. They were prepared as
described in Leptospirosis Methods in Laboratory Diagnosis (77).
Sterile serum was added to form 8-10% of the volume. Fetal calf serum
was supplied by Dr. Malcolm H. Smith at the Montana State Veterinary
Science Research.Laboratory; Rabbit serum was obtained from research
rabbits used for the production of antip. 'Some rabbit serum was also
obtained from-Dr. Smith. The F]efcher's and Stuart's media were ad-
justed to a pH range of 7.4-7.6 and agar. was added for_semiso]id or
solid medié.

: Serum-Free Defined Media. Cox described simple serum-free media

for isolation and cultivation of "water-leptospires." -Cox's SM1 and SM2
media Wekg made as des;ribed (11). Stock solutions were made up for '

| rapid prepafation of SM1‘and SM2. A 10X solution of the salts of SMi
was made in a Titer volume. Two stock so]ufioﬁs were made for SM2
medium. The first 10X éo]ution included NH4C1,_KC1,-CaC12 and.MgSOa.
The second stock solution included the remaining salts in a 100X So]u;
tion.: SM1 and SM2 were made up in one liter volumes and the pH adjusted
to 7.4. Agar was added if desired. Cox's media were sterilized by

autoclaving at 15 1b for 15 min.
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Cultivation and Observatioh

Leptospire cultures were incubated at 27° C. On some occasions
the cultures were incubated for a period of 3-4 days until macroscopic
growth could be seen. They were then removed and maintained at room
temperature in the dark. Macroscopic observations were made by noting
the Dinger ring phenomenon in. semisolid media. Liquid cuTtures showed
macroscopic growth in the form of turbidity and the so-called shot silk
appearance upoﬁ agitatidn of the culture tube. Macroscopic colonial
.growth in solid agar appeared as spreading transiucent growth de;cending
throughout the depth of the agar. Discrete-colonies'were round and
usually subsurface with a puff ball appearance. The type'of macroscopic
growth in solid medfa depended upon the type and concentration of agar
used. .
| A11 culture manipulations were>done in a bacteriological hood
to prevent culture contamination and spread of leptospires. All
Taboratory surfaces were disinfected with amphyl (Nationé] Laboratories
Lehn and Fink Industfia] Products Division).

Equipment

A1l glassware and filtering equipment wefe taken from general
Taboratory stocks. They were machine waéhed, rinsed with distilled |
_-wéter and air dried. A1l acid washing was done by soaking in 10% HC1
for a minimum'of 30 min, rinsing six times with tap water and then

rinsing with double distilled water or reagent grade ‘Mil1i-Q water.
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Any equipment1treated as for tissue culturing was prepared by boiling
in 7X (LfNBRO Chemical Co., Inc.), three rinses of tap water were fol-
lowed by boiling in double distilled water and rinsing in dbub]e dis-
tilled water.

Dark-Field Microscope. Microscopic observations were made with

‘a Bausch_and'Lomb mié?oscope with a dark field condenser. - Wet mounts
were prepared for observation by placing a drop of the culture on a
slide and covering with a #1 cover slip. Care was taken to prevent
any bubbles from forming because of the 1light scattering affecting
observations.' Most of the-observations were made using the 43X objec-

tive, while oil emersion was used when needed.

Phase Microscope. OccasionéT observatibns were made with a
Leitz phase microscobe using a 100X objective to obtain'greater resolu-
tion. This was done on isolated cultures to help determine whether or
not they wére‘1epto§p1res based on morphology. Blendon and Goldberg -
'511Vernimpregnation stain (5) was used with some success for observa-
tion of jeptospires on a light field microscope. Dark field microscopy
was the preferred method for observing leptospiral growth. |

Bacterial Countihg Chamber. A Petroff-Hausser bacterial count=

ing chamber was used to obtain direct cell codnts. This chamber had
been used by other Teptospiral researchers and was chosen because it
could be used with dark field applications due to the thin glass and

_chamber depth of 0.2 mm. At least 128 squares were counted, and on

~
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occasion, duplicate enumerations were made.

Spectrophotometry. A Varian Techtron model 635 spectrophotom-

eter set at 420 nm with a s1it width of 0.2 nm was used for all spectro-
photometry. Coleman cells with a 10 nm Tight path and a volume of 1 ml
wgre.used for small sample sizes.

Nephelometry. Nephe]oﬁetry was done with a Turner Designs

Nephelometer with a 4 dram vial sample chamber. The Turner nephelo-
meter was adapted fo a sample size of 5 ml by placing a five ml vial
containing the sample in the Turner vial and filling the Turner vial
with water until the surface of the 5 ml vial was covered. An adaptor
was made from a 50 ml sorvall centrifuge tube to hold 25 x 200 mm test
tubes for measuring turbidity in continuous culture.

Swinnex Modification 1. A millipore swinnex 13 mm membrane

filter holder (Figure 1) was cut on the needle side leaving a hole in
which an 8 x 29 mm fermentation tube would fit snugly. The swinnex was
then unscrewed and a 0.22 uh‘pore size membrane (Millipore) placed over
the top of the fermentation tube. The swinnex was then reassembled and
autoclaved at 15 1b for 15 min. After the assemb]y.cooled, it was
reopened and semisolid Teptospiral medium was placed in the fermenta-
tion tube. The swinnex was then reassembled and the syringe side was
inoculated with 0.1 ml of a sample. The swinnex assembly was fhen
1néubated at 27° C and was checked daily for growth of leptospires.

Swinnex Modification 2. A 25 mm Millipore Swinnex membrane
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Figure 1. Swinnex Modification 1 Used for Isolation Attempts and
Purification With an Unaltered Swinnex (Right) for Comparison
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holder was taken-apart and the membrane stage removed. A hole was then

bored through.the needle side to fit snugTy ~around a 10 x 40 hm culture
tube. The edge of the tube was placed even with the membrane shelf and
the swinnex reassembled. This unit was then autoclaved at 15 1b for 15

min. After cooling, semisolid leptospira medium was placed in the tube

filling to the top. A 0.22 um pore size membrane filter (Mi11%pdre)

was then placed on the top of the filled tube and the swinnex screwed .

baék together. The needle side was then inoculated with a 1 ml sample.

The unit-was incubated at 27° C and observed daily for growth of lep-

tospires. . o

Polycarbonate Cell. A 25 mm polycarbonate cell (Figﬁre 2)
(Mf]]ipore Cat #XX42 025 10) was fitted with a 25 mm swinnex membrane
.filter holder (Mi]]iporé). The bottom of the needle side of the
swinngx was removed. A 0.22 um pore size membrage fi]ter was set in
place at the needle side and the unit assemb]éd.. The syringe éidé
was plugged with a plastic syringe tip which had been‘cut off and
filled with p]asﬁic'cement. This unit was -then autoclaved for 15 min
~at 15 1b. After cooling the cell was fi]]ed with semisolid Tepto;
spiral medidm.through the syringeAéide of the swinnex. A board was
drilled w%th,S/]Qﬁinch hq}es to ho]d the unit. The:p]ugged syringe -

. - t :
side was inserted in the board. .A 10'ml sample was then placed in the

gkirt above the membrane.'4The unit was then incubated at 27° C and

checked daily for_mgcroécdpic growth in the semisolid medium.
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Figure 2. Polycarbonate Cell Used for Isolation Attempts and
Purification
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Isolation Vial. A four dram vial (Figure 3) was used for

leptospiral studies. A 1/2-inch hole was drilled through the center of
the:cap. Polycarbonate tubing 5 cm long of 1/2-inch outside diémeter
was insertgd‘in the hole and brought flush with the top side of the
~cap. prxy (Duro)'was used té cement the .tube in place. Thé end of
"the tube was smoothéd'by‘sanding with #100 sand paper and a 13 mm 0.22
um pore size mémbrane filter glued in place, with MF cement (Mi]]ipore).
The cap with the tube 1n‘p1ace was then screwed back on the vial and
autoclaved at 15 1b for 15 mins. After cbo]ing, semisolid 1eptdspira]
medium waé placed in the vial until it toucﬁed the membrane filter on
the end of the tube. Two ml water samples were then placed in the
po]yéarbonate tubing through the hole in the oqtside. The water was

‘ eyaporated by blowing air across a Tamp and then across the vials.

This procedure allowed fast evaporation while maintaiﬁing the Via]s

at 27° C. After evaporation to about 1/3 the originé] volume, the
vials were incubated at 27° C until macroscopic growth wdg observed.

" At fhis-tﬁme,‘thé cap was replaced with an unalte(ed cap aﬁd,mi;roF.
scopic obsefvéfions made of the medium. Isolates were then maintainéd—‘
%n'these vials.

Diffusion Chambers. Chambers with membréne filter side walls

as described by McFeters and Stuart (54) were used in some of the sur--
vival studfes. Double membrane Tayers were used on each side of the

chambers with tear-resistant microweb membranes of 0.45 umpore size
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Figure 3. Isolator Vial Used for Isolation Attempts and Purification.
A 0.22 ym pore size membrane is glued to the bottom edge of the inter-
tube (center).
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(HAWP 304F0, Millipore Corp.) on the outside and 0.1 um pore size
membranes on -the inside (E442A6, Millipore). These membranes were
obtaiﬁeq in 12-inch by 12-inch sheets andAthen cut into circular.disks
of 7.5 or 11.5 cm diameter depending on the size of chamber used. The:
chambers were assembled with the membranes sea]ed in p]ace with stop-
cock grease (Dow Corning). They were then autoclaved for 15 min at 15
1b, with the saﬁp]e ports left open. The autoclave was allowed to coo]a.
without exhaustjng to prevent membrane rupture from expansibn. After
cooling to .room temperature sterile plugs were placed in the sample
ports and the chamber bolts were tightened. The sterile chamber was

then stored until needed.

Iso]afion

Fi]tratioh. Oﬁe Titer -water samples were taken from irrigation
systems, natural streams and cattle watering ponds. Thése samples were
then filtered through Whatman #1 paper filters to rehove the larger
particulate matter. The samples were then filtered through 0.45 um
pore size membranes (Millipore), and one ml aliquots of the fi]tfqte
placed in 3 tube replicates of semisolid leptospiral medium. The tubes
were then incubated at 27° C and observed daily for leptospiral Qrowth.
Some'ofAthese samples were spun at 5,000 r.p.m. for 30 minutes and most
of the water poured off. The remaining water sample was then remi xed
and filtered through a 0.45 um pore size membrane and the supernatant

treated as above. !
. !
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Ten ml water samples were forced £hrough 0.45 and 0.22 um'
membranes (Millipore) with 25 mm swinnex membraﬁe holders (Millipore).
Two five ml washes of EM medium were passed through these same mem-
branes. The sample filtrate was placed in three repiicate tubes in
1 ml amounts. A1l the tubes, including the five ml washes, were
- incubated at 27° C and checked periodically for leptospiral growth
and contamination. This procedure was similar to those described by
Braun et al. (6), Rittenberg et al. (63) and Tripathy et al. (2, 79).

Isolation by Natural Motility. Sterile 0.22 um membranes were

placed on agar plates containing EM and EMJH media. Sterile rubber
washers were then sealed to the membranes with sterile stopcock grease.
Ten.ml water sémb]es were then placed in the center of the rings. The
plates wereiincubated at 27° C until the water.sample had,evaporated.'
Thg rings and membranes were then removed and the plates inverted and
incubated at 27° C. Checks were made at weekly intervals for lepto-
spiral growth in the agar. This method was patterned after Smibert's
~decontamination method (71).

The method of Cox was used to attempt isolation of Teptospires
(1]);‘ Samp]es were collected in one liter volumes. The water was
then.filtered seqUent1a11y through Whatman #1 paper f{lters and 0.45 um
pore size membranes (M1111pore). A drop of the fﬁ]trate was then

placed on the center of the plate and observations made for leptospiral

growth at the periphery of the bacterial growth after incubation




32
at 27° C.

Isolations were attempted through the use of the swinnex modi-
fications, the polycarbonate cells and the 4 dram isolator vials
described under equipment. Isolations were attempted by placing a
wéter sample on the upper surface of the membrane and watching for the
appearance of growth in the semisolid medium underneath the membrane,
after incubation at 27° C. 1In some:cases, the polycarbonate cells and
the isolator vials were placed in air blown over a lamp to evaporate>

some of the sample volume.

Purification

Motility. Smibert plates were used as described (71). The
medium was either EM or EMJH. Membrane filters Qf 0.22 um pore size
were placed on the agar surface and a rubber washer sealed in place.
The sample was then placed in the washer and incubated at 27° C. After

a period of 3-4 days, the washer and membrane were removed and the agar

- examined for leptospiral growth and contamination.

Agar wells were punched with a #4 cork bore (5 mm diameter).

A 0.25 ml aliquot of a contaminated leptospiral culture was then placed :

in the well. The petri plates were then sealed and incubated at 27° C.
They were then checked daily. Leptospiral growth was seen as trans-
Tucent growth through the depth of the agar moving away from the site
of inoculation. Agar plugs were removed at the 1eadihg edge of lepto-

spiral growth and placed in semisolid EM or EMJH media. The semisolid

>
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cultures were then allowed to grow up and were checked under a dark-
fie]d'microséope for motile leptospires and contamination.

Purification was also accomplished using the swinnex modifica~
tions, the po1ycarbopate cells and the isolator vials. They were
filled with semisolid leptospiral medium and fitted with 0.22 um pore
size membranes (Millipore). Contaminated leptospiral cultures were
then placed above the membrane. After incubation, they were checked
for macroscopic growth beneath the membrane in the semisolid medium.

Uni-Pore polycarbonate membranes (Bio-Rad Ca. #313-5209) were
used on spmé of the isolator vials. They had a pore size of a makimum
of. 0.2 um. They were glued on the smoothed end of the polycarbonate .
tube with MF cement (Mi]]ipore). The isolator was reassembled and
autoclaved. 'After cooling, the isolator was filled with semisolid agar
and a pontaminated culture placed on the upper surface of the membrane.
They were then incubated at 27° C and observations made for_growth
beneath the memBrane. Combinations of double membranes were also used;
including 0.22 um (Millipore) and 0.2 um (Bio-Réd), 0.45 ym (Miltlipore)
and 0.2 um (Bio-Rad), and 0.45 um (Mi1lipore) and 0.22 um (Mi]]iporé).‘.
In ai] céées_the larger pore size membrane was glued in place first and
the sma]]eriporé size last. The isolator vials were then treated -as
befdré and observations were made for growth upon inocu]étion and

incubation.
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Use of Drugs

| Drugs tested and used in these studies are shown in Table 2.
A1l the drugs. on paper disks were Sensi-Disc (BBL, Cockeysvii]e,'MD).
Neomycin was an ICN product (ICN Life Sciences Group, Cleveland, OH).;
Furazolidone was obtained from Eaton Laboratories (Eaton Labofatories,
.Division Morton-Norwich Products, Inc., Norwich, NY)." The 5-fluoro-
uracil was from Roche (Roche Laboratories, Nutley, NJ). ‘

Based on previoué Titerature the‘drugs neomycin-(é?), 5-fluoro-.
uracil (46), furazolidone (56), and combinations.of these (10, 56),weké
added to 1epto§pifa1 media to help reduce contamination of 1eptospira1
cuTtures‘as an aid in isolation. Stock solutions of these three drugs

were made up. A stock.solution of neomycin sulfate was made by adding
| 151.5 mg of a 660 ng/mg assay to 500 ml of déub]e distilled wéter,
giving a final concentration of 200 ug/ml. This stock solution was
. then steriiized through a 0.22 um pore size hembréne. A stgck solution
of furazolidone was.madé by adding 200 mg Furoxone to one liter of
.double distilled water giving a final concentration of 200 ug/mf. This
furazolidone stock solution was sterilized by autoclaving at 15 1b. for
15 min. A stock solution of 5-fluorouracil was made by dj]uting a 10 ml
volume containing.SOO mg with 90 m1 of sterile double d1$t111ed water
ining a final concentration of 5 mg/ml. This solution was considered
ster11e.- Neomycin and fufazo]idone were used at a concentration of 5

ug/ml in culture media. . Fluorouracil was used at a concentration of
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Drugs Used And Their Activity
f
Drug Abv. Conc. Activity
Nalidixic acid NA 30 ug/disk Potent inhibitor of DNA
' synthesis
Streptomycin S 10 pg/disk Inhibition of polypeptide
synthesis and misreading of
the genetic message
Kanamycin K .30 ug/disk Same as streptomycin
Neomycin N 200 ng/ml Same as streptomycin
stock
Thiosulfil TH 1.0 mg/disk Su]fonamides’bacterostatié
acts as an antilog to
paraaminobenzoic acid
Tetracyclines Te 30 pg/disk Bacteriostatic effective
: inhibitors of phosphorylation
and of protein synthesis
Colistin c1 10 ug/disk Disrupt the osmotic properties
. of membranes rich in phos-
phatidylethanolamine
Nitrofurantoin F/M 100 pg/disk Bacteriostatic and bactericidaf
' ' mechanism not known
Furazolidone F 200 ug/ml Same as nitrofurantoin
5-Fluorouracil Fu 5 mg/ml Acts as an- analog of uracil

affects nucleic acid synthesis
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100 ug/m].

Further étudies'On drug efficacy in controT1ing contaminafion
and in isolation of Teptospires Were‘neceﬁsary. A contaminated water
isolate iabe]]ed Al was used in this study. Fourteen screw cap tubes
containing 5 ml of EM semisolid medium wefe inoculated with 0.5 ml
of a contaminated Al culture. Drugs were added to the tubes with two
tubes'withdﬁt drugs for-control. A nitrofurantoin paper dfsk with a
concentrétion of 100 ug was added to tube gne. A su1famethizo1é‘paper
. disk,with a concentration of 1.0 mg was added to tube fwo; ‘A colistin
paper disk with a concentration of 10 ug was added to tube three.
Nalidixic acid paper disk with a concentration of 30 ug was added to
:tube‘four. A tetracycline paper disk with a concentration of 30'ug'was
added to'tube'fiVe; A streptdmycin paper disk with a éoncentrétion of
10 ug wés added to tube six. A kanamycin paper disk with a concentra-
t{on of 30 ug was. added to tube number seven. Tube eight was brought
to a concentration of 10 ng/mi furazolidohe. Furazolidone and néémycin
were added to tubé.nine with a concentration of 5 nug/ml per drug. Tube
ten contained. 100 ug/ml 5-fluorouracil, and 5 ug/ml neomycin and
furazolidone. Neomycin was added to tube eleven to a‘concentration\of
10 ug/ml. Tube twe]ve~éonta1ned 200 ug/ml 5-f1uor;uraéil.. Tubes
thirteen and fourteen contained EM medium with no drugs added. -

Drug ?1ates. Solid agar plates weré prepared by adding,? ml of

EM medium to 47 mm plastic petri plates (Millipore). Various drugs and
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leptospiral cultures were then placed on the agar medium.as diagrammed
in Figures 4 aﬁd 5. Audries' River isolate was streaked on a quarter
of plate.1. A trough was cut in the center of the agar parallel to

the streak. This trough was filled with 0.1 ml of stock‘5-f1uorouracil.
An F/M disk was then placed on the surface of the agar opposite the
streak. - Isolate TR Mun Son was inoculated into a trough on a quarter
of plate 2. On the opposite quarter F/M and NA disks were.p1aced.
Plate 3 was Tnoculated in foﬁr-slots with Al isolate. A disk of TH

was p]aéed at the narrow end and a disk of F/M was placed at the large
end .of the slots. Isolate A8 was inoculated into two slots across the
center of plate 4. On‘one side of the slots a K disk was placed with
an S disk on the other side. Plate 5 had two slots through the center’
inoculated with A2 isolate. A slot on the outside running parallel to
the other two slots was filled with 0.1 ml of stock furazolidone.
Another slot on the opposite side of the plate running parallel was
filled with 0.1 ml of stock 5-fluorouracil. Kakuchska isolaté was ~
inoculated in a é]otAin the agar of plate 6. On the opposite side of
thé p]afe a well was filled wfth 0.1 ml of stock 5-flourouracil. Two
s]otslruhning acrbssithe center of plate 7 were inoculated with isolate
F. -A kanahycin disk was p]aced on one side of the slots aﬁd a Cl disk
placed on the other side. Isolate C was inoculated 1hto slots on plate
8. On one side of thé_s]ots an F/M disk was p1aced;oh‘the other side

a TH disk was placed. Isolate A12 was inoculated in a slot on the edge
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Drug Plate Configurations 1-6 for Study of Drug Efficacy in
Stipling indicates surface streaking of the mixed
The straight 1ines indicate slits in the agar medium. The

small circles represent paper drug disks.
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Isolate F
/]
K O Cl F/M Th
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Plate 7
Al2 Isolate L. pomong
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Figure 5. Drug Plate Configurations 7-12 for Study of Drug Efficacy in
Purification. Stinling indicates surface streaking of the mixed
culture. The straight lines indicate s1its in the agar medium. The
small circles represent paper drug disks or wells as in Plate 12.
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of p1atg 9. Three slots running at angles to éach other but converging
at a di?ection toward the inoculated slot were respectfully filled with
0.1 ml of stock 5-fluorouracil, furazolidone and neomycin. Plate 10 had
“one center slot inoculated with L. pomona and slots on either side
filled with O.i'm1 of stock neomycin and furazolidone. Plate 11 had a
single slot across the center filled with'0.1 ml! of stock furazolidone
and S-f]Uorouracii. " Plate 12 contained a center well inoculated with
L. ?omona énd three wells spaced evenly around the,center well with 0.1
ml of furazolidone and neomycin in two and a disk of C1 in the other.
These plates were 1ncuba§ed at 27° C and e*amined both macroscopically
and microscopically for 1eptoépifa1 growth and contamjnqtjon.' Agaf
p1ugs of'apparently pure_]eptospira] growth were removed and placed in
tubes of semisolid EM medium. These tubes were then incubated 5nd
checked'for leptospiral growth and contamination.

~ Streak Plates. Streak plates using EM solid égar medium in

g]asé petri plates were used to pick isolated leptospiral colonies.

The Teptospiral culture was streaked on solid EM medium of'sufffcient
thickness to allow for extended incubation. The plates wekg tHen
sealed, 1nverted and p]aced in a 27° C incubator. They were then
checked daily for growth. When macroscopic growth was seen, a repreJ
sentative colony was observed under dark-field and if 1t'éppeared pure,

the colony was transferred to semisolid EM medium.
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Enumeration

Turbidity and Direct Count. Spectrophotometry and nephelometry

were used to measure ]eptospifa] concentration. Turbidity measure-
ments were compared to direct count done with a Petroff-Hausser

bacterial counting chamber.

Serotyping

Sefo]ogy was performed on water isolates which were grown to
_high déngities iﬁ 1iquid EM medium. Each isb]ate was then added in
0.05 m1 amounts to 0.05 ml of a 1:25 dilution of each of the sera in a
plastic-welled serology plate. This 1:50 sera dilution was incubated
at rpoﬁ temperature for 1-1/2 hours. After incubation low power dark-
field microscopy was used.for‘examination. The 1sd]étes Ag22, A1, A2,
A5, Ag23, A11, Ag21 and Kakuchska were tested with antisera. The |
isolates were tested agaihst eight sera specific against L. canicola,
L. pomona, L. ictero.haemorrhagiae, L. ballum, L. pyrogénes, L. gr'i.p—
potyphosd; L. ba%aviae and L. hardjo. These seré répresent eight
different serogroups with the first seven being synonymous with the
sérogréup and L. hardjo representing the Habdomadis sérogroup. An
earlier trial had tested 1so]afe C against sera specific for L. cani-
cola, L. pomona, L. icterohaemorrhagiae, L. grippotyphosa and L.
.hardjo. -

Enumeration by MPN of Natural Water Systems. Forty—eighf

isolator vials were filled with semisolid EM medium. Fluorouracil was
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added to a concentrat%on of 100 ug/ml. These isolators were then téken
to four sites. A most probable number using three tubes and four
dilutions was made at each site. Two ml of undilute water Was added
fo each of three isolators. A 1:5 dilution was then made'by adding

2 ml of Water to 8 ml of phosphate buffer. Another 2 ml was added to
. three more isojators from the 1:5 dilution. This was continued until

a f%na] dilution of 10'2'1 had been made.- After 1nocu1atfng the MPN at
each site, pH and temﬁerature were taken. The isolator vials Were then
p]acéd ina 27° C 1ncubafor and observed daily for leptospiral growth.
Site A was at Hood Creek, a high mountain stream. Site B was at Buck-
skin Creek, a mountain drainage used for summer cattle range. 'Site C'
“was in the open Ga]]atin'Va11ey in the Hyalite Creek irrigation'system.
Site D was also in the Gallatin Valley along Mystic Creek in a combina-
'tion suburb/agricultural area. The MPN was done in early September.

An MF fecal coliform enumeration was also done at each site‘(2).

Survival Studies

Well Water Chamber Runs. Leptospira hardjo and L. pomona were

'grbwn up in Tiquid EMJH-medium. They were then centrifuged at,5,000
rpm for 30 min and Qashe& in autoclaved well water. They were tﬁen
suspended in we11_water tq final concentrations of 8.72 x 107 L. hardjo
per ml and 7.48 x 107 L.-pohona per ml as counted on a Petroff-Hausser
bacteria counting chamber. Two sterile membrane diffusion chahbers

" were then filled with 20 ml of the respective Teptospiral suspensions.
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The.chambers were then placed in a 40 liter overflow tank filled with
unchlorinated well water. Fresh well water was continually added at a
rate of 5 liters per minute. The experimental apparatus and.weTl'water
were the same as described by McFeters et al. (53). At time zero and
thereafter at 2-day intervals, the chambers were samplied. Petroff-
Hausser counts and absorbance readings at 420 nm were made.

Laboratory Survival Studies. Survival studies were done in a

refrigerator set at 11° C. A plastic bucket was filled with stream
water and p]aced in the refrigerator. Aeration was provided through
two spargers supplied with air from an aquarium pump. Sterile membrane
diffusion chambers were filled with washed suspensions of L. pomona and
L. patoc and then placed in the bucket. The leptospiral cultures had
been grown in EMJH 1iquid medium. They were spun at 5,000 rpm for 30
min and washed. free of medium with sterile water from a small stream.
The chambers were sambled daily or at two-day intervals and enumera-
tions'made with speétrophotometry,' nephelometry and diréct cei] count.

Chamber Diffusion Experiments. A diffusion chamber with 0.1 um

and 0.45 um pore size membranes in place as described in equipment was
-used in these diffusion experiments. The chamber was filled with 20 ml
of distilled water and suspended in 2 liters of water froﬁ Keg Creek.
The suspending water had a conductivity of 475 umhos as measured on a
Lab Line Lectro MHO meter. Fifty nug of dextran 500/ml (molecular weight

500,000) had been added to the 2 1iters of suspending water. The‘total
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carbon in the suspending water was then 87.5 ug/ml as measured on a
Beckman Laboratory Carbonaceous Analyzer calibrated with 100 ug carbbn/
ml as glucose. At 15 min intervals samp]és were taken from the chamber
and analyzed for carbon andjconductivify. /

A separate experiment was done on glucose diffusipnl To 2
11tefs of dis£111ed water, glucose was added to a final concentration of -
0.2 mg/mi . A_éhamber Was then suspended in the glucose water as in
previous experiment. The glucose concentration was determined by the
Glucostat, glucose-oxidase peroxidase system made by the Worthington
Bi&phemiéa] Corp. .Samp1es were taken from the chamber every 30 min
and analyzed for glucose concentration. Similar diffusion experiments

had previously been done by McFeters and Stuart (54).




CHAPTER 4

RESULTS

Media

VYarious hedia were used in these sfudieé. They were teéféd
first for their efficacy then for ease of pfeparation éﬁd steri]izé—
tion. Some consideration was given to cost and availability of
ingredients. |

E1linghausen and.McCuTlough (EM) medium and tﬁe~Johnson and
Harris (EMJH) modification thereof were used'in most of the studies.
These media were the most dependab]e and consistently high lepto-
spiral densities could be obtained: E11inghausen and McCullough
medium is clear and colorless. The Johnson and Harris modification
is also clear, but it takes on a yellowish qast. Turbidity can be
measured by nephelometry and to a Tesser extent by spectrophotometry
especially in the case of the co]or]eés EM medium. A precipitant
formed fn EM medium when it was prepared as described by Ellinghausen
and McCullough (25).- The precip{tétion problem was e]iminated‘whén
the modification as described in Méter1a1s'and‘Methods‘was\employed._
This'preparation modification did not appear to change the efficacy
Qf the medium. The major drawbacks to EM and EMJH media are the‘1ength
of time required for preparation and the filter ;teri]ization require-
ment of the albumin portion. Filter sterilization was done using.

Mi]]ipofe Sterifill Aseptic systems with 0_22‘um pore size membrane




filters (Millipore Cat #GSWP 04700). It was found that the fi]fer.
sterilized portions of the media often suffered contaminatioﬁ'which was
reduced by double filtration through two sets of 0.22 um membranes.

The use of autoclaved water -in media preparatfon also reduced contami-

nation. Filter sterilization and media manipulations were performed in

" a bacteriological hood further reducing contamination prob]emé.~

The min{mal essential media (MEM-BOH) described by -Finn and
Jones (45) did not perform as well as hoped.. Initial growth and
appearance of the Dinger. ring was noted in semisolid media.. Upon fur-
ther incubation the Dinger ring generally becéme less distinct or
disappeared a]togefher. Motile Teptospires cdu]d be observed upon
dark-field observation, however the high densities observed in EM and
EMJH media were never obtained. The other minimal essential media
(MEM-BT) described in the media section of Materials and Methods
yie]ded Teptospiral growth and lasting Dinger rings in semisolid form.

The serum-containing media both worked well. Léptdspifa pomona,
i. patoc and L. hardjo were maintained on these médié., Due to"difff{
culties in obtaining serum and sterilization problems, the serum-
containing media were of limited use.

Cox's serum-free media had the advantage of stgri]ization by
autoclaving. High densities of leptospires could be grbwn using SMI
and SM2. . These medig deteriorated or were dep]eted rapidly leaving a

culture with cellular debris and weakly motile cells. ‘Dinger rings
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formed qqite rapidly with L. pomona, L. patoc and L. hardjo in sem%--
solid Cox's media, but became less distinct and often disappeared upon
further incubation. Often the Dinger ring descended through the
medium until it reached the bottom of the cultural vessel where it
dispersed. Motile leptospires could still be. observed throughout the
medium upon darkffie1d examination. Some leptospires were isolated

using SM1 semisolid medium. (See Figure 6.)

Isolation

Isolation attgmpts weré unsuccessful using the filtration

techniques as well as Smibert's and Cox's methods as seen in Table 3.

A total of 129 samples were treated by one or more of these methods.

A number of spiral organisms were isolated, but no leptospiral positive -
isolations were noted. The swinnex modifications and the polycarbonate
cells were also unsuccessful in showing Teptospiral isolates from the
natural systems. Water samples spiked with cultures of L. pomona and

L. patoc were used with the swinnex modifications and the polycarbonate
cells. Recovery‘of leptospires from thesé spiked-water §amp1es was
possible although less than'éo% of the tkid1s'pf0ved sucéessfﬁ].

As seen in Table 4, thé use of the isolator vials resulted in an
overall isolation rate of 70% from 40 samples with an increasing 1§01a-
tion success in the Tater isolation attempts. Increased isolation
success was associated with the use of 5-fluorouracil and EM semisolid

medium. A 100 ug/ml concentration of 5-fluorouracil reduced background
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Figure 6. Culture Tubes of EM Semisolid Medium Showing the Dinger Ring
Growth Phenomenon. The tube on the left is Leptospira patoc, a
saprophyte. The center tube contains water jsolated spiral organisms
which develop growth similar to the leptosniral Dinger rings. The tube
on the right is Leptospira pomona, a pathogen.




" Table 3. Results of Isolation Attempts From Natural Water and Recovery of Leptospires From
Water Samples Spiked With L. pomona, using various methods e .

Natural Water Leptospires Recovered Spiked Water? Spike
Samples Tested - From Natural Water ~ Samples Tested Recovery
Methods N % # %
Filtration .
1P 24 0 5 0
24 .5 0 3 0
3 _ 15: 0 19 10
Smibert plate : 15 0 15 45
Cox plate 20 0 ' 17 ' 25
Polycarbonate '
cell : 20 _ 0 24 45
Swinnex : '_
12 . 15 . 0 8 10
2 15 0 : . 4 ' .24
" Isolator vial : 40 70 ’ 50 100

bSp1ked water samp]es gave a concentration of a minimum of 105 L. pomona per ml.

~One liter sample volumes filtered through sequentially decreasing pore size membranes.
Same as b with concentration done by centrifugation first.

Pressure filtration of 10 ml sample. Foo. . .

Swinnex modification 1. Swinnex modification 2

-d

Y7
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Table 4. Results of 40 Isolation Attempts Using the Isolator Vial And
Some of the Water Conditions At The Sample Sites

b

Cond? Temp. Alk.C .Lepto. Drugd

: Site*

Sample Date Media umohos °C Meq/1 Recovered Used Description
A 4/22 EM® 184 18 2.32 no no - 2/p
B 4/22 EMJH 184f 20 2.32 no no . 2/p
C 4/22 SM 1 nd 27 nd yes no 3/p
D 4/22 SM 1 nd 15 nd no no 4/p
E 4/22 EM 184 - 10 2.32 yes no 2/p
F 4/22 EMJH “nd 14 nd yes no 4/p
Al 5/18 SM 1 nd 15 nd “yes no 5/p
A2 5/18 SM 1 nd 15 nd yes no 5/p
A3 5/18 SM 1 nd 20 nd no no 1/p
Ad 5/18 SM 1 nd 20 . nd yes no . 1/p
A5 5/18 SM 1 340 15 3.7 yes no ém/s
A6 5/18 SM 1 340 17 3.7 no no 6m/s
A7 5/18 SM 1 340 22 3.7 no no 6m/p -
A8 5/18 SM 1 nd 23 nd yes no 8/p
A9 5/18 SM 1 nd 20 nd no no 8/p
A10 5/18 SM 1 184 15 2.32 no no 2/p
A1l 5/18 SM 1 nd 22 nd yes no 3/p
A12 5/18 SM 1 nd 27 nd yes no . 3/p
A13 5/18 SM 1 184 17 2.32 no no 2/p
Al4 5/18 SM 1 184 17 2.32 - yes no 2/p
Ag21 7/16 EM 354 nd 2.57 . yes yes 6v/p
Ag22 7/16 EM 186 nd 1.54 . yes yes 6v/p
Ag23 7/16 EM 382 nd 2.38 yes no 6v/p
Ag28 7/16 EM 537 nd 4.24 yes no 6v/s
History 8/5 EM 270 6.3 2.93 yes yes - 6m/s
Logging 8/5 EM 228 3.4 2.45 yes yes 6m/s -
Langahor 8/5 EM 112 3.79  1.04 no no 1/p
Fountain 8/5 EM nd 10 nd no . no 9
Keg 4/25 EM 184 17 2.32 yes no 2/p
Audries 6/16 EM nd 19 nd yes yes 6v/p
TRMun- o

son . 6/16 EM - 552 16 3.21 yes yes 7/p
Kakuch/ '

ska 6/16 EM nd 22 nd - yes yes 4/p




Table 4. Continued.
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Sampie Date

C

b

ond.? Temp" ATk.© Lepto. Drugd Site*

Media umohos °C Meq/1 Recovered Used Description

Bozeman 1 8/15

aConductivity :
bTemperature
CA]ka]inity

d5-F1uorouraci1

EM 271 13 3.05 yes no . bv/s
Bozeman 2 8/15 EM 271 13 3.05 yes no 6v/s
Bozeman 3 8/15 EM 271 13, 3.05 yes no bv/s.
Bozeman 4 8/15 EM 271 13 3.05 yes no -~ 6v/s
Black 9/9 EM 184 13 2.32 yes yes 2/p
Mystic 9/9 EM 271 11 3.05 yes . yes ém/'s
Buck . 9/9 EM 377 12 4.02 yes yes ém/p
Hood 9/9 EM 78 5 .62 no yes om/pr
" *Site description: 1 Springs or seeps ‘ 7 Rivers
2 Irrigation canals 8 Bog
3 Drain ditches 9 Drinking water
4 Cattle watering
5 Ponds p Polluted
6 Running streams pr Pristine :
m mountain s Slightly polluted
v valley

€sece Table 1

fio data

gAverage values
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contamination, thus making it easier to make a microscopic search for

leptospiral positive isolations.

Purificatién

| The purification procedures which re]fed on a small membrane
pore size of 0.22 um or less were effective in separating.1eptosp1res
from large diameter organisms such as E. coli and Bacizius subtilis.
The isolations made from natural wafer systems contained.rods, cocci
~and spirals capable of passing through these small pore size membranes,
tﬁys‘purification by single membranes Qas only partially successful.

BiQ;Rad membranes with.straighf pore éohfiguration versus the
MiTiipore membranes with a coﬁpressed fiber matrix showed very‘iitt1e:
differénce'fof purificétion burposes. Léptdspires paséed through the
Bio-Rad membrane faster than‘through the Millipore membrane. 'Thié‘
characteristic could possibly be used if the membrane were removed at a-
time when only the Teptospires had passed and the spirals had not com-
pletely passed the membrane. This was not tried but 1£ appeared:to have
potential as a method of purification.

Double membrane ccombinations of 0.22 um (Millipore) and 0.2 um
(Bio-Rad) were very effe;tjve in separatihg thg Teptospires from spiral
organisms and mosf of the rodsland cocci as ghown in Table 5. After a
three-month incubation period, cultures of 1eptosp1resfwhich were
recovered %roﬁ this dqub1é membrane system were free of spirals and

rods, however, very small vibrios were seen. These vibrios had a diameter
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Table 5. Comparison of Membranes and Membrane Combinations For Use In
Isolation and Purification

Purification of Mixed Cultures

Isolation Passage Through Membranes
Estimated Potential

Membranes For Natural Samples Lepto Spirals Rods Cocci
Millipore

0.45 ym fair 43 4 4 4

0.22 um good 4 4 2 2
Bio-Rad

0.2 um good 4 4 2 2
Combinations

0.22M-0.22M° poor 3 2 0 0

0.22M-0.2B¢ poor 3 0 0 0

0.45M-0.2B good 4 4 2 2

0.45M-0.22M good 4 4 2 2

No passage 0-4 free passage apparent.
bMi]]ipore compressed fiber matrix membrane.
“Bio-Rad straight pore configuration membrane.

dPro]onged incubation necessary.
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of approximately 0.1 to 0.15 um. They were the only contaminants
apparent in these cultures. These vibrios could then be removed utiliz-
ing the agar well plates by picking the leading edge of leptospiral
growth. An extended period of 15 days or moreAincubation time was
required for the leptospires to pass through this double membrane
system. |

The other double membrane combinations shown in Table 5 gave
the same results as the single membrane systems, thus they were not '
completely successful for purification.

Agar wells punched in agar medium and filled with‘contaminatéd
water 1soiates were effective in separating the leptospires from nonmo-
tile and slower moving bacteria. Often §evera1 leading edges of lepto-
spﬁra] and contaminant growth could be seen moving away from the site
of inoculation. While the Teading edge cog]d be picked, some of the
contamiﬁants, especially the spiral organisms, would outdistance the
leptospiral growth, making this technique unsatisfactory for'purificé—
tion until the spiral organisms were removed by other means."

| The results of the drug study on isolate Al are_éiven in Table
6. Several drugs and drug combinations were shown to inhibit spiral
growth. The drugs Ts, S, K, N and the combination of N, F and Fu
inhibited the growth of these spirals, however the initial leptospiral
growth was also restricted. Colistin appeared not to restrict the

growth of the leptospires while inhibiting the spiral organisms. The
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Table 6. The Results of the Drug Study on the Mixed Cu]ture A] in Semi-
Solid EM Medium _

- Other
, Leptospires Spirals Contaminants
Tube Drug . Day 3 -Day 20 Day 3  Day 20 . Day 3 Déy 20
1 MR 4> 4 ' 4 3
2 TH g 4 4 0 4 3
3 1 4 4 0 0 4 3
4 NA 2 4 4 + 2 +
5 Ts 2 - 0 0 2 4
6 S 2 4 0 0 2 4
7 K + 4 0" 0 2 4
8 2XF 4 4 4 0 4 2
9  N&F 4 3 + 0 + 2
10 N,F&Fu + 3 0 0 3 2
M. 2&XN 3 4 0 0 s 2
122X Fu 2 + 0 +- + 0.
13 Control 4 2 4 4 2
14 Control 4 2 4 4 2
15.  Cl&Fuy 2 +- 0
16 2X N&F +- +-
17 C1&2X Fu 2 0

3see Table 2 for abbreviations.
b Too numerous to count.

300-400 organisms per field.
200-300 organ1sms per field.
100-200 organisms per field

Tess than 100 organ1sms per f1e1d
None seen.

Rating. scheme:

ol +FowWwb
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rods, cocci -and other contaminants were very resistant to most of the

drugs except for Fu which appeared to inhibit them at a concentration

'of 200 ug/ml. At a concentration of 200 ug Fu/ml, the leptospires also

were .sTightly restrictéd as evidenced by reduced leptospire,dénsity.

. Drug Plates. Examp]es of the growth.and effect of_the‘drdgs
in these plates are shown in Figure 7.  The results of the drug
plates set dp aé diagrahmed 1n;Figures 4 and 5 in Materials énd Methods
are given below. Audries"River sample grew confluently across plate
1. Microscopic examination showed contamination‘by spiral organisms
and some rods and cocci. Plate 2 showed spira1 organisms growing out
éhead of the 1eptospirés. They were seemingly attracfed to the NA
disk. After a Tonger incubation, both spirals and Teptospires grew
up to and under thé drug disks. Isolate Al as well as spiral organisms
Qrew confiuentiy over plate 3 with no apparent -inhibition by the drug

disks. Growth bh plate 4 was very slow and perpendicular to the line

between the drug disks, however with‘prolongéd incubation the isolate

gfew up to ‘the drug disks. Spirals and 1éptospires grew confluently

on plate 5 with no apparent inhibition by the drugs. ‘The Kakuchska‘
isolate was a very slow growing isolate, but it did eventually appear
and grow across p]été 6 after a confluent growth of spiral organisms
had been established. Plate 7 showed growth of spirals and Teptospires
up to'kanomycin, but only leptospires growing up to Colistin. A zone’

of spiral inhibition approximately 10 mm in diameter was seen around
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Figure 7. Examples of Drug Plates Used For Purification. Each plate
has a 10 ug colistin drug disk on its surface. The upper left plate
shows a zone of clearing around the drug disk and a growth front
approaching the disk from the left. The zone of clearing represents
spiral organism avoidance of the drug and the advancing edge is the
slower moving leptospires. The lower right plate shows the leptospiral
growth passing under and around the drug disk. The other two plates
show leptospiral growth moving away from the site of inoculation.
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the Ci disk. -No inhibition was noted on plate 8 with the contaminants
and leptospires growfng evenly over the platé. Plate 9 never did Show‘
]epﬁqspiral'gkowth, however spirals were found growing confluently over
the plate. Plates 10, 11 and 12 were very slow in growing but eVentua]
confluent growth was seen on all plates with no‘appafent_zone of drug:
inhibition. The leptospiral cultures inoculated -in wells and sTits in
the agar medium were found to appear macroscopically sooner than those
streaked on the agar surface. Often areas which were streakedvnever
showed Teptospiral growth, but the streak areas were. grown over by

Teptospiral growth through the.agar from the sTits and wells.

Streak.P1ates. Streak plates were useful for purification of
some isolates. Ihdividué] colonies were picked from the streak plate
and then placed in a tube of EM or EMJH semisolid media. After macro-
scopic,gréwth was apparent in the semisolid medium the isolate was

again streakéd_and an individual colony pickéd upon appearance of

colonies on the streak plate. This method of purifjcation was Timited
by the general observations made by Cox (11) for»1epto§p1ra1 growth on
solid media. Other problems in streak pjate purification were thosé

of contamination by fungi_and‘of surface and subsurface contamination by
'mot11e~bacter1a‘bef§re 1ebtosp1ra1 colonies could be observed and re-
moved.> The.spira1lorganisms were found to be the main source of sub-
surfacé and surface‘goﬁtamfnation, thus, purification by streak plates

was generally not éuccessfu1-in the presence of spiral organisms.
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Electron Microscopy

‘ ‘Shadow cast and negative stain prebaration of isolate C were
made by\Dr. Ken Lee for use on a transmission electron microscope.
An example of one of the isolate C organisms_with‘shadow casting fs
shown in Figure 8. The figure shows typical ]eptospiré]lmorpho1ogy

with the axial filaments (flagella) clearly visible.

Serotyping

A1l the 1so1ates; with the exception of Ag21 were nggative for
" the eight'sera. Isolate Ag21-showed agglutination with aTT the
sera as well as a negative sera control, thus with no further testing
done a nonspecific agg]ufination was the.possib1e cause for Ag21 agglu-

* tination of all the sera as well as the negative control.

Enumeration

Turbidity and Direct Count. Turbidity measurements correlated

well with direct counts made on a Petroff-Hausser bacterial couhtihg
chamber. Figure 9 shows nephelometry vs. direct cell céunt from the

. data of a survival study and Figure 10 shows absorbance. .The 1{near
regression coefffcient is .97 which indicates a closeness of.fit to a
Tinear relation. Limitations are seen at organism concentrations below
_ 106/m1, with both the turbidity and direct count. At concentration

6

below.TO organisms/m]lthe turbidity was below the sensitivity of the.

nephelometer whiéh was set with a standard of 20 nephelometry turbidity







Figure 8. " Electron Micrograph of Water Isolate C. This shadow case
preparation was done by Dr. Ken Lee and has a total magnification of
14,225. The axial filament (af) can be seen running along the

-cytoplasmic body.
o
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Figure 9. Comparison of Nephelometry and Direct Cell Count as Measures
of Cell Densities in a Survival Study of L. pomona
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Figure 10. Comparison of Direct Cell Count and Absorbance at 420 nm as
Measures of Cell Densities in a Survival Study of L. pomona
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units.' £11inghausen also used nephelometry for estimation of 1ept§-
"spira1 concentration. His data Tikewise show that concentrations of
106 organisms/ml or more .were required before turbidity could be
measured (23,27). Larson et a]i and ETlinghausen et al. used the
Petroff-Hausser bacterial counting chambers to do direct counts. They"
found that the chambers wére‘on1y useful above ]06 ofganisms/m] which
amount to 1 organisms per counting square (25, 51). Therefore, other
methods of enumeration must be utilized for organsm concentration below

10%/m1.

Chamber Diffusion Egpefiments

The diffusion of glucose, inorganic ions and total carbon
through the double layer .membranes of 0.45 um and 0.1 um pore size
was similar to that éhown by McFeters and Stuart with their single
membrane of 0.45 um pore size. Figure 11 and 12 show the diffusion
rates obtained with the double membranes as éompared to the diffusion

rates obtained by McFeters and Stuart (54).

Survivé]

The leptospiral reéponse-of exposuré to well wafek and to é
1éboratory water environment are shéwn in Fféure 13. These survival
curves based on turbidity and direct cell counts 1nd1¢ate a minimum

.survivéi time of 8 days. It was felt that the double membrane system

provided a reasonable exposure to the suspending fluid while containing
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the ]eptospires.- The diffusion rates of carbon, 1norgahic ions and
glucose are shown to have reached equilibrium within approkimateTy 6
hours as seen in Figures 11 and 12. At the rate of die-off shown in
these experiments, a half-time of 39 hours for L. pomoﬁa in the labora-
tory and 35.4 hours for L. hardjo in the well water was determined
graphically from Figure 13. Assuming this die-off remains stable until
die-off is complete, a theoretical survival of 26 days could be expected
when the starting population is 108 leptospires per ml as in the labo-
ratory experiments.

Dark-field observations of the 1eptdsp1re§ during direct cell
counts showed a range of 30 to 60 percent motility per counting square.
A maximum viability number is represented by the total number of cells
counted and a feasonab]e minimum viability is represented by 25 percent
.of the total count based on 30-60% motility which falls below the
Towest motility range observed, thus a minimum and maximum viability
range may be noted aé indicated by the cross-hatching in Figures 14 and

15.

“.MPN Enumeration From Natural Water

The results of the enumeration of leptospires from four natﬁra]
water sites by MPN procedures is given in Table 7. These'resu1fs'show
a correlation of leptospiral numbers to féca] coliforms and temperature.
The first three sites showed fecal coliform counts in the same range,

thus the failure to recover leptospires at Hood Creek is possibly due
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Leptospires /ml

DIRECT CELL COUNT,

DAYS

Figure 14. Survival of L. pomona in a Laboratory Water Environment With
a Maximum and Minimum Viability Range Based on Direct Cell Counts and
the Percentage of Motile Cells in the Count
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108

ORGANISMS /ml

Figure 15. Comparison of L. hardjo and L. pomona Survival to Salmonella

enteritidis ser. paratyphi B (--:-), Vibrio cholerae (— — —),
Salmonella enteritidis ser. paratyphi D (————), and Salmonella typhi
(===-- ) Survival (53) in Continuous Flowing Well Water. The L. pomona
(\M\\) and . hardjo (///) areas represent the maximum and minimum

viability range based on direct cell count and motile cell percentage
of the direct count.
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-Table 7. Results of a Most Probable Number (MPN) Enumeration of Lepto-
spires at Four Natural Water Sites

Fecal Leptospire MPN Data MPN
Temp. Coliforms per -95%
Site C° . pH Per 100 ml O .2 .04 .008 100 ml Conf.
. Hood - 5.0 7.3 172 0/3 0/3 0/3 0/3 <1.8 (0-3)
Mystic 11.5 7.2 232 2/3 0/3 0/3 0/3 5 (1-36)
Buck 12.5 '7.0, 152 3/3 0/3 _0/3 0/3 11 (4-120)
Black 13.0 7.2 2080 3/3  1/3 0/3 0/3 23 '(7-210)
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to the cold and pristine water. The high fecal coliforms at Black

correlate with the numbers of leptospires recovered.




CHAPTER 5
DISCUSSION

Transmission through water systems is a major route of lepto-
spirosis spread.

Thus survival o% leptospires in water, especially the pathogenic
sefovars, is an important consideration in the epidehio]ogy aﬁd control
. of leptospirosis. The effect of pH, temperature, moisture and types of
suspending fluids have been examined by various researchers. Okazéki
" and Ringen found that survival in a pH range of 6.0-8.4 was possible, .
but above or below these ranges the 1eptos§ires were rapidly rendered
nonmotile. At freezing temperatures, pH did not appear to affect sur-‘
vival, however, at temperatures of 7-10° C a Tower pH was conducive to
Tonger survival than at temperatures of 20-26° C. The oppos{te pH
effect was noted at a higher pH with a 1onger-surviva1 at_20-26° C and
decreased survival at the Tower teﬁperatures of 7-10° C. Mp{sture was
found to be very important with survival of 30 min in a dry soil and
3 days in a moist soil. A super saturated soil showed survival up to
. 193 days. Thus Okazaki and Ringen considered a temperature range of
7-26° C and a pH range of 6.0-8.4 to be necessary for survival of’
Leptospira pomona in the env1ronment (59). Diesch found that Leptospzra
pomona survived for a period of 6 days when p]aced in se]as candles and
suspended in manure. Survival of 61 days was noted in the manure of an

oxidation d1tch 5 days in d1tch effluent and 4 days in s1udge (16),
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Crawford et al. found that Z. pomona survived for 13 days but not‘more-
than 20 days in natura] water under laboratory conditions (13). Studies’
by Chang et al. of L. icterohaemorrhagiae showed survival of 8-9 days at
5-6° C, for 5-6 days at 25-27° C and for 3-4 days at 31-32° C fn»river
water. Survival in domestic sewage was 12-14 hours but 1ncréased to
2-3 days when aerated (8). Ryu and LIU féund that leptospires (r.
auétralis H and ‘L. semarang) lost their viability gbove 40° C and were
able to maintain viability at 0-30° C (65).

Survival conditions with a temperature range of 7-26° C and a
pH range of 6.0-8.4 are shown to correspond with the incidence of lep-
tospirbSis (30,31,47). Thus in late summerlwhen water temperature is
high and water levels Tow (resulting in Tess dilution) an increase in
leptospirosis cases is seen.

fhese survival studies utilized four procedures to determine
survival and/or viability of the leptospires. Susceptible hosts such
as hamsters, guinea pigs and weanling mice kWebster Swiss) (13,32,59)
were_uged to recover and to check for virulence of leptospires from
. various environmental models. Leptospiral hoti]ity as seen under dark-
field was also used as an indication of survival in various testing
systems (8,13,16). Some attempts were made to enumerate through the
use of direct microscopic counts (8). Cultural attempts were also
made in leptospiral culture media to show survival in test systems (13,

17,65).
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A system of enumeration remains to be Worked out for survival

of Teptospires in various environmental conditions...The results
obtained in our well water and laboratory survival studies were obtained
by difect cg]] counts, with aftempts to estimate viability by obsefva~"
tion of motility. An assumption of viability based on motility seems
reasonable, however as shown by Okazaki and Ringen (59) viability demon-
strated by culturing and by motility did not always correspond. These
measures of viability were reasonably close in some cases such as suf—
vival in supersaturated soil being positive for 193 days based on
motility and for 183 days based on culturing. However, in simulated
natural conditions, Teptospiral motility showed viability at 14 days,
while culturing indicated survival only up to a maximum of 6 days;
Using thg assumption of motility representing viability, a survival.
curve for a period of time can be generated. The numbérs of cells must
remain high for counts to be made with counting chambers. A concentra-
tion of 10,000-20,000 leptospires per ml is-probably the minimum number
yielding detection of even one cell on high-pdwer dark—fie]d (81), and
a concentration of at 1east']06 cells/ml is needed before accurate
counts can be made (51). The other method used for bbtaining density
in these survival studies was turbidity as measured by spectrophotometry
and nephelometry. '

| Direct cell counts made with a Petroff-Hausser baéteria'counting

" chamber correlated well with turbidity by nephelometry and spectrometry
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as seen in Figures 9 and 10 in ﬁesu]ts. As with direct cell counts,
turbidity measurements are Timited by the need for high bacterial
densities and lack thglabi11ty to differentiate between viable and
nonviable cells. Turbidity measurements become useful for observing
increasing population growth and can provide accurate densities pro-
vided the organisms do not grow in clumps or chains and do not absorb
Tight (27,48).

With the 1%mits of directing cell counts and turbidity in mihd,
" we can obtain some information on possible survival of leptospires over
a. period of time as compared to water-borne enteric pathogens in. the
same water system. Using data obtained by McFetersAet al. on enteric
pathogen survival.in well water (53) and comparing it to leptospiral
data obtained in the same system, it can be seen that the leptospires
remain at higher densities where the enteric pathogen concentrations .
fall off quite rapidly, 55 shown in Figure 15 in Results.

The difference in survival between L. hardjo and L. pomona may
be due to fhe greater sensitivity of L. hardjo to this well water
environment resulting in a decreased survival after four days. The
Hebdomadis serogfoup, which fﬁc]udes L. hardjo, has been known to be
more difficult to cultivate in vitro (1). This apparent fastidious
expressfon upon in vitro cu]tivatibn may. also be reflected in decreased
survival as comhared to‘L. pomona , a more.easily cultivatable lepto-

spire.
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The survivé] studies of the enteric pathogens were begun at
1ower'concentrations. The 1ower-concentratf0ns were used to help
prevent cryptic growth.from high nutrient concentration obtained from
die-off of a portion of fhe starting'popu1ation. Lower'ce11 numbers
-of those organisms can be enumerated with plate culturing and membrane
filtration techniques. Thus the problems encountered with enumeration
of leptospires with turbidity and direct count are avoided.

A problem which further complicated the well-water survival
studies was clumping, making direct counting difficult and changing
the 1light scattering pétterns in the turbidity measurements. This
clumping phenomenon has been described in‘certain Tiquid media (81,82).
It was suggested that this 61umping may be a survival response giving
the 1éptospires some protection and/or-advantage in the hostile well
water environment. This clumping may be the result of natura1 chemical
consfituents causing flocculation of the Teptospires. Clumping was
not noted in any of the other survival experiments.

The Taboratory survival experiments show results simf]an'fo
those in the well water as seen in Figure 13 in Results. The starting
concentrations of the laboratory experiments were higher in an attempt
to fo]]ow the die-off in the diffnsion chambers over a longer period of
time. | |

Due to the 11m1tation§ of turbidity and direct count as enumera-

tion techniques for leptospires, other methods of enumeration were -
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sought. An enumeration technique which showed accurate 1ept§spira1
viabi]ity and which could be used at low concentrations was needed to-
follow the survival over a Tonger period of time. Enumeration by
culture techniques has as its major problems long incubation times

and diffipdity iﬁ showing growth with small inoculation sizes. Long
incubation time leads to problems of media drying and increased con-
tamination. Enumeration by an MPN technique appears to be the'best
method fbr use on lTow concentrations and to provide information on
viabilify. Most probable number methods rely on the ability to-detect
growth or the lack of growth in a dilution series (2). Methods of
earlier detection were explored. The MPN for fecal co]fforms relies

on the production qf acid and gas from lactose at 44.5° C after an
iincubation time of 24 hrs.ﬂZ). This reaction is enzyme mediated,
‘therefore 1f seemed. reasonable to look for an enzyme or enzyme product
produced by actiQely growing leptospires. Two enzymes were studied.
E1linghausen and Sanvik described trﬁbutyrinase'activity and a method
for demonstrating soluble tributyrinase (24). It was thought that
tributyrin could be added to a semisolid medium which was inocu]atedAas
an MPN. Upon growth, the leptospires would produce the lipase tributyr-
inase and clear the tributyrin from the media 1059 before the Tlep-
tospires themselved could be detected. Tributyrin was added to EMJH
semisolid medium at a concentration of 2 ul/ml. This produced,g c]budy

appedrance. .Upon addition of one ml of a 107 L. pomona/ml culture qnd
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incubation at 27° C, the cloudy appearance began to disappear. Upon
further 1ncgbat10n the cloudy appearance disappeéred.. Motile 1épto—
spires were noted with dark-field microscoby. Further incubatioﬁ
resu]ied in a reappearance 6f the cloudy material rendering the method
ambiguous. |

‘Some bacteria such as the genus Staphylococcus produce a
nuclease which is an extracellular enzyme capable of hydrolyzing DNA
and RNA (14). ‘Methods for detecting this enzyme have been worked out
(41). DNase test agar was made up and placed in glass petri plates.

Drops of L. pomona, L. patoc and L. hardjo were then placed on the

‘plate. Small zones of clearing could seen at the periphery of the

_drops upon -the addition of a cold 25% trichloroacetic acid. However

upon prolonged incubation the:zones did not increase in size. This
enzyme was‘abandoned as a possfb]e candidate for rapid MPN detection.
It is of interest that a zone of clearing was seen. This may indicate
the possibility of a exocellular nuclease befng present with a low
activity and/or concentration. A contaminated system may have been
the cause of the clear zone with a nuclease being pfoduced by the
contaminant. '

The detection of an enzyme or enzyme product may be a possible

ahswef for early. growth detection in leptospiral MPN's. However, care-

must be taken to either find a unique enzyme system'or pure culture

work must be done to- prevent contamination by-enzymes from the con-
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taminating bacteria. Tributyrinase activify was noted with spiral
organisms presumably belonging to the genué Spirillium. DNase actjvfty
has been shown for Bacillus, Streptomyces, Serratia, Proteus and
<Staphlococéus (41). This illustrates the need for a pure culture
system or a unique enzyme or enzyme produ;t as a method of eariy MPN
detection.

The detection of a specific cell component may be advantageous
in enumeration. Living organisms have a constant concentration of the
energy transfer molecule adenosine triphosphate (ATP) (39). A method
of measuring this concentration has been developed using a 1UCiferin-
Tuciferase system with a luminescence Biometer (38). This technique
was applied to a culture of L. pomona grown in liquid EMJH medium. A
serial dilution was made with an initial ce11'concentration obtained
by direct counting with a Petroff-Hausser chamber. Adenosine triphos-

T 1073 and

phate was extracted and three replicates at dilutions of 10~
10—4 were read on a duPont 1um1neséence Biometer. The results obtained
in this single experiment did not show correlation between direct cell
“counts, serial dilutions or ATP concentrations. .

At that time no effort was made to repeat this ekperiment_t6
find possibie»prob]ems and to obtain correlating data. This méthod
rémains as a promising possibility for ieptospira] enumeration. The
necessity for pure cultures and the high cost involved are possible

1fmiting facfors.
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Early detection of an MPN or leptospiral viability in culture
may be possible through thé use of microscopic observations. Postgate -
et al. has suggested a hethod for observing bacterial viability by
slide culture (61) The use of microslides (rectangular glass capil-
1ar1eé) as counting chambers and to provide an environment conducive
to faster leptospiral growth may have applications for detection and-
enumeratipn’of leptospires (50).

Macroscopic observations may be indicative of leptospiral
growth, however in cases where culture purity is in question such
as in in situ survival studies, care must be taken in interpreting
apparent 1eptosp1ra1'growth. Several observation methods may be
employed to facilitate readings of MPN or viable growth. Nephe]omethy'.
has possibilities as an early detection method in 1iquid culturing.
Growth in semisolid may be shown by Dinger ring formation, however
other organisms have been shown to produce the'Dinger ring growth
phenomenon. ~ The small spiral organisms which are continual contami-
nanfs 1n‘membrane isolation téchniques show a ring growth whfch c]oseiy
fesémb]eé leptospiral Diﬁger rings (7). Other researchers have shown -
‘a éimi]ar growth phenoménon in semisolid medium with other bactefia
(15). Leptospiral growth in solid agar medium usually forms opaque
growth descending throughout the depth of the agar. Various forms of
leptospiral growth in sojid agar have been noted including sma]i

opaque colonies and translucent colonies with a 1arger diameter and

~
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veil-1ike appearance (12,73,78). Spira]'pontaminants often ﬁroduce
_veil-1ike colonies descending through the depth of the agar. Canale-.
Parola described these spiral colonies as subsurface, spreading, semi-
transparent, unpigmented colonies which were round or nearly so (7).

Various types of media have been used for culturing leptospires.
I'Severa1 types were used in this study (Table 1, Material and Methods)
with the objectives of pfoviding a medium capable of promoting rapid
growth from small inoculum sizes and high leptospiral densities in a
short time épan. The first type of medium utilized was a tween-é]bumin
medium described by E]iinghausen and McCullough (EM) (25). This media
had been formulated as a substitute for sefum-reduiring media. The
fatty acids found in the tween complex were found to be less toxic yet
still available for leptospiral utilization as an energy source, The |
previous attempts at a serum-free media had incorporated . free Tong-
chain fatty acids such as oleic. It was felt that leptospires grown in
these media with free Tong-chain fatty acids developed a resistance to
the Tytic activity of fatty acids. There was a]sd concern about
possible 1oss of virulence in these media employing free long-chain
fatty acids (11,21,68,72). The initial use of EM medium pfoved'unsuc-
cessful. Some leptospiral growth was obtained with L. pomona, how-
evef, the cultures never did obtain high densities and they appeared
to die at.a rabid rate. A~ma1ntenance medium was sought to pfevént

loss of the experimental cultures after the poor growth results with
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EM medium. Rabbit serum and fetal Ealf serum was obtained from Dr.
Malcolm H. Smith at the Veterinary Science Research lahs. Utilizing:
these sera, Fletcher's and Stuart's semisolid media wefe_made as |
described (29,76). These media were successful as maintenance media.
A modification of EM as described by Johnson and Harris (EMJH) (45)
was then made which showed success at cultivation of L. pomona, L.
hardjo and L. patoec. EMJH media was then used routinely for lepto-
spiral growth with the only major problem being that of contamination.
The need for faster culture growth.and to overcome the problem of slow
| growth with a small inoculum size prompted the use of a minimum
essential medium described by Finn and Jones (28). They ran an evalu-
ation of media based on temperature, inoculum and coét andﬁfound that
a medium (MEM-BOH) incorporating minimum esséntia] medfum oleic acid
and bovine serum albumin fraction five was the least costly bér cell
concentrations produced and that higher cell concentrations. could be |
obtained in a shorter time. This medium did not produce well when
made as described by Finn and Jones. Several modifications were then
tried which included the substitution of tween-80 for the sodium oleate
'and increasing the albumin supplement. TheseAmodifications also proved ‘.
unsuccessful. A further hinimum essential medium was thep tried with
its formulation based on leptospiral metabolic requirements and com-
parison of the formulae of various leptospiral media. Ammonium'chlor{de

~was used as the nitrogen source, tween-80 as ‘the source of fatty'écids
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. (in particq]ar, bound oleic) for energy production, bovine serum albumin
(fraction five) as a serum substitute and vitamin B12 as-a growth sup-

. plement (21,43). Leptospires.do not require any amino acids, however
it was thught'that the amino acids as well as the other nﬁtrients found
in Dulbecco's modification of minimum‘essentia1 media would promote" |
growfh at Tower cell densifies. This minimum essential medium fofmu]a—
tion (MEM-BT) did promote the growth of leptospires, aTthougﬁ no advan-
-fage over EMJH medium was noted. In further attempts to?promqté growth
Em medium was again tried. A1l the previous]y'madé stock so]utions.

- were discarded and fresh ones made. A modification in preparation as
described in Materials aﬁd Methods was ut%]ized to eliminate the pre-
cipitation problem which had been encountered. The efficacy 6f this
new]y—modifiéd EM medium was found to be very good and EM became the
culturing media of choice. The initial reasons for the failure of EM
medium to produce expected growth remain unknown, but blame can possib]y
be placed on one or all of the stock solutions and perhaps a contaminant
in the preparatory water.

At one time during. these studies, the supply of bovine serum
albumin was low. A substitute medium was needed. The media described
by Cox (SM1) (SM2) (11) were made and found to be a good growth media,
however upon any prolonged incubation rapid death of the leptospires
was noted. | |

'The ‘failure of leptospires to grow or the prolonged 1ncqbation
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needed to obtain growth with small inoculum sizes has been a continual
problem in leptospiral culturing (44,81). A 1:10 inoculum size is
gehera]1y recomﬁended for culture transfer-and growth for expérimenta]
purposes as an attempt to bypass the small inoculum problem (77,81).
Attempts to overcomé-the djfficu]ty of smai1"inuco1um sizes were made
{n these studies for tﬁé purpose of enumeration fhrough MPN techniques
which require small inoculum sizes and demand potentiaf_growth from
each individual cé]] placed in the medium. Toxic substances may be
present in the culturing media. The water used for media preparation
is the most probable source for chemical contaminants such as heavy
metals, pesticides and herbicides. The use of distilled water or water'
produqed from activated carbon, 1oh—exchange may prove to be less
toxic, however the pdrity of these waters -may be 1n'questionL _Studies
in thesé laboratories indicate that water obtained from a Mj}}i-Q |
activated carbdn, ion—exchangé'system may conta1n~t§x1c materié]s and
retard growth of'bacteria when media are prepared'gti1izing this water.

Early researchers fdund that attempts to cultivate 1eptospires‘
on sterile human feces failed until the feces had first been inoculated
with Bacillus coli (E. coli). Thereafter, leptospiral growth was noted
(20). Based on this observation, media conditioning was attempted by
growfng E. coli and/or leptospires in Tiquid EMJH or EM. After a short
period of incubation, the medium was centrifuged and then.refilter

sterilized. This medium was then reinoculated with- Teptospires and
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the rate of growth was observed as compared to untreated medium. The
treated medium did support growth of 1eptosp1res,‘however no medium -
j'conditioning advantagé was noted as compared to untreated medium.
Johnson et al. found that the addition of sodium pyruvate (100 pg/ml)
was effective in promoting growth with small inocula and in nutri-
tionally fastidious serotypes (44).

| Leptospireé appear to be microaerophilic since they form
growth rings'at 3—10.mm bé]ow the surface in tubes of semisolid or
solid medium. These rings (see Figure 6)‘are thought to form
based on nutritional response to oxygen pdrtia] pressure and as a
response to"metabb]ic waste products diffusing awéy toward the bottom
of the tube, thus a narrow band of growth forms with a possible upper
Timit being defined by oxygen partial pressure or'CO2 partial pressure
and the lower limit by toxic metabolic or medium substances diffusing
away from the growth mass in the Dinger ring. Often multiple rings '
mﬂy occur with as many as 20 discrete rings forming as a function of 3
incubation-time. Prolonged incubation resu]ts:in ihcréased*ring
formatidn. Several exp]énatidns for these multiple.rings may be:made.
The nutrient response may be different fqr'various strains, thus these
individual 'strains may seek their own levels based on nutrient gradi-
ents. This idea correspond; with the increased ring formation-found
after prolonged incubation indicating that individual strains may show

up as discrete Dinger rings after the appropriate incubation allowing
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growth dehse enough to be observed macroscopical]y as a ring.” Another
possible exp]anatjon for thesé.mu1t1p1e grdwth rings may be migration
of Teptospires to seek new.nutrient sources. 'fhe pro1qngéd inéubation
may 511ow diffusién‘bf gas to an increasing depth pushing the 6xygen
sensitive organisms to 1ncreas1ng depth, but leaving behind those‘]ep—
tospires which héve developed an, "oxygen tolerance."

Various cultural observations were made which may be exp]ainéd
- by one or more of the above discussions. The use of SM1 or.SM2 semi-
solid medium was abandoned beﬁause the Dihger ring which formed'rap1d1y.'
began to descend through the hedium until it reached the bottom where
it dispersed. This may indicéte that the leptospires mjgrated through
the medium in response to nutrient depletion and; updn reaching the
bottom of the tube, all fhe nutrients were gone; thus the‘érowth r%ng
dispersed.‘ The Dinger rings remained visible in a more completé medium
such a EMJH or EM, which may indicate a better nutrient source.-

In solid medium, several growth fronts could be seen for lep-
tospires 1no§u1ated in wells cut in the agar. These growth fronts
' could possibly be identified as strain differences respondﬁng to
nutrient gradients and displaying varying dégrees of moti]iﬁy.

: Thé appérent microaerophilic nature of Teptospires Qas exp]qréd;)

" as a means to decreaée'the.growth time and to pfomotg growth. from small
inoculum sizes. The_atmospﬁeres above the léptOSpiral cu1tures.were

manipu1ated’by evacuat{on‘and then replenishing with various gas
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mixtures with the volumes added controlled by ménometr{c measurements.
Several researchers have explored the effect of CO2 and oxygen upon
the growth of leptospires (23,85).

Various atmospheres were attempted in these studiesATnc1uding‘
varying percentages of C02, oxygen, nitrogen'and decreased ‘partial
. pressures through Qarying evacuation pressures. These studies did §how'
respbnse of leptospiral growth to various atmospheres. However, due
to -impure gas mixtures and other experimental problems, no definitive
data were obfained. These Timited studies indicated that changes in
oxygen partial pressure may be beneficial in Qrowth'promotion, although
moré research is needed.

The isolation of leptospires was successful in a Variety of
environments. Most of the isolations were made in free running water
or standing Water, however Timited isolation attempts in moist éoi]
also proved positive for leptospires. Other researcher§ have detected
Teptospires in soi]s'and.have speculated on-thé.role sofl‘plays in sur-
vival and traﬂsmittaﬁce (4,37,42,59). 1Isolation was possible in water- .
over a wide temperature range (3.5°-27° C), a wide quality of water
(bristine to polluted) and from stagnant as we]T as running water, thus
the abi]iiy.to detect leptospires in moist soils as well as these

diverse water conditions indicates a wide adaption and diversity in the
environment.

- The enumeration study (Table 7, Results) based on most probable
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numbers at various sites ranging from.cold (5.0° C), "pristine" waters
to warmer (13° C), "polluted" waters does indicate variation in popu-

lation densities with variation in temperature and water quality. Hood

Creek, a high mountain site with cold water (5° C) draining natural and

undisturbed land, failed to show Teptospires. A high fecal coliform
count was'hoted at this site which might indicate po]]ution, however,
based on préyious fecal coiifbrm counts and the general appearance of
thé sample site, no obvious pollution of poilution source could be
deteéted. THe high fecal coliform co&nt may have been the result of
wild animal activity in the area. The next site, Buckskin Creek, also

a high mountain stream, gave positive leptospiral isolations with an

MPN of 1T per 100 ml. Buckskin drains a larger area, with greater
1and;use including intensive summer cattle grazing and-soﬁe human
activity. As noted from Table 7, the temperature was. also hiéher'than
that of Hood (12.5° C). The positive isolation of leptospires at Buck-
skin may.be expécted based on the increase in temperafure, the possi-
Bi]ity-of avaf]ab]e nutrients and the sﬁsceptib]e host animals providing
a possible reservoir. 'The Mystic site, which was in tﬁe open valley
f]oor in a multiple 1and—use‘area,a1so showed positive TeptoSpira]
isolation with an MPN of 1.8. Mystic was considered to be only s]ightly
polluted and had a Targer water volume and faster flow than Buckskin.

These characteristics would indicate the possibility of a leptospiral

~"population, but because of lesser pollution and larger volume and faster
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flow, fewer leptospires might be expected as compared to Buckskin. THe
~ fourth site was sifuated in the irrigation system branching off Hyalite
Creek. There was a herd of cattle bedded and grazing at the-samp1é
site. Cattle were seen standing and drinking in the water at the
sample site and heavy concentrations of.manure were on the bank asjwe]]
as in the irrigation canal. The high fecal coliform counts (2080/100.-
ml) ref]ecf the herd pollution. The polluted water as well as the
higher- temperatures would suggest higher probability of finding large
Teptospiral populations. The Teptospiral MPN is the same as Buckskin,
however, the additional positive tube at'10'9'7 dilution indicates a
.1arger number of leptospires at this site. |
-qued on this study, poliution and temperature seem to correlate
© with probabie 1eptosp1fa1 densities. More work is needed to obtain
definitive 1nformatidn in regard to water quality,Atemperature and
leptospiral densities. This type of information will contribute to tﬁe
understanding of survival. -

The ieptoﬁpires which have been isolated appeaf to belong to
the "Biflexa Complex" based on the Timited serology and'thé isolation
-envirdnments. o |

| A method using membrane filters wés-chosen for'isblatiqn

“attempfs.l Previous reseafchers were successful in fsolating Tepto-
'spires by filtering surface water samples through membranes of 0.45 um

pore size (6,63,79). Based.on attempts at filtering water sampies and




91
water ;amp1es spiked with leptospires, it was felt that better isola-
tion might be achieved if the leptospires were allowed to pass through
the membranes in what might be described as a chemotactic response.
Smibert described a technique using membranes and solid agar medium

for separating leptospires from a contaminating bacteria by téking

'advantage of chemotaxis and the physical size and shépe of the 1ept§-

Spires (71). Their extreme motility and their thin thread-Tike
morphology allowed them to.swim through pore sizes too small for

contaminating bacteria to pass, thus purification was effected. Lep-

tospiral ‘growth on semisolid media has been shown to be better than

on solid media (2i,81). Based on this knowledge, a method permitting
utilization of Smibért's. decontamination pro;edure with movement into
sémiso]id instead of solid medium was sought. The two swinnek modifi-
cations and the polycarbonate cell as described in Materials and Methods
served as prototypes for the'iso1ator vial, which gave the bestAresu1ts
in isolation attempts. ‘ |

Isolation using thé isolator vial was first accomplished with
EMJH.and SMI media, however better results were seen when'EM mediﬁm was
used and 5-Fu was added to a 100 ug/ml concentration. A 2 ml water
sample was placed 1h the isolation chamber. The isolator vial was then
inpubatéd at“27; C With evaporation of the water sample béing aqce]er—

ated to help conpentrate the Tleptospires. Later'on, it was felt that

_evaporation was not necessary. The isolation success of these isolator
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vials was probably based on several factors. Sampling could be hade
at the sampling site with immediate transfer of the sample tblthe
isolation chamber where it was exposed to a nutrient environment. The
medium Tevel was kept as low as possible with a miniscus formfng at
the medium membrane interface. fhis was done to promote a natﬁra]
gravity flow of sample through the membrane thus concentrating the
Orggnisms in tﬁe vicinity of the membrane. It Qas felt that the diffu-
sion of 5-fluorouracil upward through the membrane reduced the suscep-
" tible bacterial population, thus reducing the problem of antagonistic
interactions among the mixed population which had been noted by other
researchers (8). The mixed population which was capab]e of passing
Vthe membrane appeared not to influence the leptospiral growth.rate or
popu]atfon éize. The immediate exposure to a nutrient énviroﬁmeht,'
reduction in the antagonistic population and the natural cdncentrating
effect were fe]f'to be positive factors facilitating isolation success
with the use of the isolator vials.

An observgtjoﬁ of high coliform bacteria.counts in an unpoliuted
prigtine stream prompted Taboratory studies on the cause of these high
- coliform counts. The supernatant from an exenic Chlorella algal cul-
ture was used as a growth medium for various coliform bacteria.
Chlorella Mats were found to be associated with the sample sites having
'high coliform counts (52). This same Chlorella supernatant was tested

with L. hardjo, L. pomona and various water isolators. The leptospires
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were found to be surviving at Tow densities over a two-month period in

- the supernatant after three bassages into fresh algae subernatant; The

inoculum after the third passage was considered to be free of'any lep-
tospiral medium from the initial inoculation, thus the algae supernatant
was found to be non-toxic and perhaps providing nutrients for Timited
leptospiral growth.

The survival of pathogenic leptospires in soil (37,59),:{n
water (4,8;66) in animal wastes (16,17) and {n.algae supernatant indi-
cates an adaptability to in vitro survival. Thfs:in vitro survival
expands.thé epidemio]dgica] complexity. The harboring of leptospires
in soil and water has been 1nd1cated by increased.]eptbspira] case
incidence dUriﬁg flooding and heavy rains (4,42). The transmission
Sf leptospires is probably accomplished through exposure to contami--
nated water, however the leaching of leptospires froh the soi) and

wastes as well as the survival in water and continual contamination

'-by animal reservoirs provide potential continuous leptospiral popula-

tion in the water.




CHAPTER 6
SUMIMARY

Leptospiral cultural media and mefhods were examined in an -
attemﬁf to promote Teptospiral growth from a gma]] inoculum size and to
obtajn high.cell densities in a short time period. Three'basic types of
media ﬁnc]uding serum albumin-tween, minimum essential medium, and
wHo]e serum medium were used. Ellinghausen and McCu]]ough{sAalbumin-
tween medium was found to give the best overall results for rapid growth
and culture maintenance, thus, this medium became the medium of choice.

Limited studies were made to find methods for early deteétion
and faster leptospiral growth for the purpose of enumeration through
the use df'most probable numbers techniques. These methods included
bossib]e enzyme assays, afmosphere manipulations and media conditioﬁing.
None 6f these methods wére used, although they may deserve further
1nvest{gation.

| Leptospiral survival was studied at two~sifes ﬁsing membrane
side wall diffusion chambers. Survival of L. hardjo and L. pomona
were studies in a continuous well water flow with a stable temperature
of 11° C. A minimum survaal of 6‘days was noted for both L. hardjo |
and L. pomona. A die-off half-time was obtained graphically for. L.
hardjo and found to be 35.4 hours. This gives a projected theoretical
survivq] of.23.6 days with the initial expérimenta] concentration qf

]08 cells/ml and with stable die-off being assumed. - Previous studies
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had been performed with indicator bacteria and some paihogenic baétéria
in this well water system. Average die-off half-times for coliform and
~ enterococci indicator bacteria were found to be 17.0 and 22.0 hours,
respectively. The pathogenic bacteria Shigella flexneri and SaZméneZZa
enteritidis Ser. paratypﬁi D were found to have die-off half-times of
26.8 and 19.2 hours, respective]y (53). Thus, Leptospira hardjo
appeared to have a longer survival potential. than both indicator and
enteric pathogenic bacteria tested.

" Leptospira pomona survival was studied 1n refr1gerated stream
" water held at 11° C in the Taboratory. A minimum survival of 8 days
was noted. A graphic die-off half-time of 39 hours was calculated
giving aithéoret%cal survival of 26 days with a starting concentration
of 108 cells/ml and stéb]e die-off being assumed.

' Leptoépira] isolation was attempted using various membrane °
filter sysfems. Techniques which forced the samples through the mem-
branes were found to be less effective than a system which allowed the
leptospires to pass through the membrane by natural mpti]ity in a |
chemotactic response. Membranes of 0.22 um po?e size were found to
give the best isolation results based on recoveryiand fewer contami-

- nants. A device made from a 4 dram via]'and.1/2"'po1ycarbonate tubing
was used-fo allow leptospires in a sample to move across a membrane
into semisolid culture medium. It was found that the addition of 100

ug/ml 5-fluorouracil to the semisolid isolation medium helped control
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background qontaminants, while not affectiﬁg the 1eptospiré1'growth and
ﬁecovery. Seventy percent recovery from naﬁura] water was achieved
through the use of this isolation device. | '
| Purification of these isolated leptospires was found to be

hecessary, because of the large motile population capable of moving
across the membrane. A purification system which relied on leptospiral
moti]ify and drug.usage was found to- be satisfactory fbr removing the
major problem contaminants which were found to be small spiral organisms
presumably belonging to the Spirillaceae. The drug found to be most
effective agéinst these spiral organisms was colistin. Inoculation of
a solid agar plate in a well or slit was found to promote faéter estab-
Tishment of growth. The 'drug was placed a distance from the inoculation
site and purificatibn effected by the mofi]e Teptospires producing a
growth front moving toward the drug with the spirals avoiding the drug.
Further'purifiéafion was done with streak plate methods and membrane |
passage.

‘Some of the isolated leptospires were tested serologically with.
la 1imited Eattery.of specific antisera. None of these 1soTate§ were .
found to react with any of the sera with the exception of isolate Ag 21
-which appeared to produce a nonspecific agglutination with all thg_sera
including 1éptospira1 negative sera.

Leptospiré] recovery was possible from moist soils, rapidly

running streams, deep flowing rivers, ponds, bogs and cattle watering
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troughs. Enumeration of Teptospires at four natural water sites ;howed
that thg relative numbers of leptospires varied with pollution and
temperature. Sites with high pollution and temperature’(]3° C) showed
greater Teptospiral numbers than those of Tower bo11ut10n and temperé—
ture (5° C) with "pristine" sites showing no leptospiral recovery.

The ability to recover leptospires from a variety of'nafura1
envirdnments reflects a possib1e wide distribution. Survival in various
natural environments such as soil, water and wastes as well as the
ability of L. hardjo, L. pomona and water 1$oTates to reproduce in the
supernatant of an exenic Ch]ore]ﬁa culture in the Iaboratory gives |
credence to this wide distribution. The possib1é Hafbofing of,patho— A
genic-leptospires_in these various environmenﬁs may assure a cpntinuous

infectivity of surface waters.
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