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PERSISTENCE OF VIRUS AND BACTERIA IN SEAWATER

By Willixn D. Won' and Harcld Kas®
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n Recent years have seen a rapid growth of interest in the prevervation of

ecco)ogiml faciors of our marine environment and a concumnsnt expansion of
i in the exploitation of coastal ocean areas for food production and sex
bettom mineral resources. As 2 result of the former intetests, large coastal
communities now lock 10 the otean as an cconomical receiver of municipal
samtary wastes given only hmited treatment, thereby forestalling or at least
delaying the needs for costly advanced treatment of {resh water which might
re-enter the consumer use cycle. It s apparent, however, that the ocean, particu-
tarly the Atlantic coastal shelf. compnsed of relatively shallow water bordered
by 2 megalopolis, cannot be idered an infinite sink for such wastes, and
that the microological flora of these waters could be changed drastically by
such dumping.

Examples of the need for study of the possibl ination of specit
aseas of ocean sre readily app when idering the operaticns of offshore
free divers during mineral exploration, repair work, or even recreational bathing
at beaches quite remote from the **deep water disposal™ point.

. ) Aquanauts, in the recent Telite program (7) resided and woshed in an excre-
ment-polluted marine for sevesal periods. In the p of such
a background, incidents of acute skin and cat infections of undetermined etiology
have been observed. (These unpubiished incidents have been recorded in the
Medwcal Log. Texute H Program, Mission Number 3.2, May 11-18, 1970). Since
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the immedite possibility of more serious infections is a real conuern to those
workirz in such en and the umplicstion of the presence of viable
wnfective organisms in spile of the massive dilution and adverse growth conditions
present is also of concern 10 those proposing ocean outfalls for waste

plants, the writers investipated the survival characteristics of certain typical
enteric organisms. (Escherickia cob 20d Echo 6 Vitus) undes a simulated marine
environment.

‘Although szawater has been known to be bacterichdal and virucidal, there .
are antagonist s factors capable of lowering these properties. The bactericidal
property has been ascrited to several factors incleding: sualight, salinity of «
the water (3); the presence of powerful oxidants (33 tte presence of bacterio-  «
phage (6.9): 2nd certain filterable, thermolabile agents of marine origin (2). Mos: ~ -
of these factors, (salinity, chemicals in solution and heat Izbile, filicrable toxic -
substancespwere bikewise virucidal (§). On the other hand, the addition of simaple  «
organi¢ matter reduced sub ially the b icidal power of scawater (5.8). * !
but reduction in activity sgains: poliovines was not apparent (4).
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TABLE 1—Summary Table of Materisis Usad

-
ARy
Orgarac St *: £ach in Triplicste Flesk e
| Heat ; Cvse Trypti-
Test Test fusion § aring Yeast | case

agent [nunber [Feces |Peptone| broth &cid  jCasitone | extract [soy broth
1 (2} 13) {4 {5} {6} [u] (] {3)

E.coi t 1.7 X X X X X X X
En 6 N
virus §  &-14 X X X X X X X .
+

*Each test serics paited with test sgent in unsupplencnicd water a3 control.
Nete- Test totai number separste fask ser (Veark) w 14

This paper concerns stidics on the protective :fect of low concentrations
of orzanic substances on the survival rate of bacrerizl and viral models, i.c..
E. col ard iype 6 Echo vitus, representative of the enteric flosa in sewage
(ste Table 1) Studics employing these models demonstrated a corvelative rela-
tionship between the rate of bacterizl survival and the dogree of organic “*poltu-
tion.” and between the viral survival and the temperature of the water.

Marzzaz 230 Menoos

Seawster.—Coastal ocean water samples wete collected in sterile, clean plastic
bottles at a 30-ft (9.2-m) depth. 0.2 mile (W02 m) offshore from the Van Dam
State Park about 150-miles 24{-km) north of San Francisco, Culif. These ‘

were coorlkess and clear ing §2* F (11° C) and pH 8.2. These were paci:od
nice for P ion to the Iab y. 2bout a 3-hr trip. Steriliztion was
by ¢ filtration through & Hercules ST-3 type pad.

Stock Organie Addithes.—Bacto-peptone, Difco heart infusion beoth, Bacto
casamino acids, Basto-casitone. Bacto yeast extract. and trypticass soy broth
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(EBL) each at 5,000 ppm (5.0 mg/ml) were individually dissolved 2nd autoclaved
in scawater. The resultant loss of CO, hzre was not considered important since
orly smail volumes of the stock solutions were used to supplement the final
media, A 25% (w/v) fresh human feces was hoemogemzed in scawater with
a Waring Blender and autoclaved at 250* F (£21* C) and 21 psig for 20 mun.

Bacterial Preparations.~~The E. coli (ATCC 9637) was srownin BBL trypticase
soy broth for 24 hr at 85° F (3 C) yielding 1x 10% Jml
The cultuze, which was 20 serve as 2n inoculum, was dﬂuxed with normal saline
water to 10% organisms /ml; 2.0 ml were introduced into 200 ml of sterile seawater
contzined 1 a 500-m! erfenmyes flask, to yicld a final concentration of I x
10 organisms/ml. Euh flask was amfmall y poliuted with an organic substance
in ically from 2.5 ppm 10 300 ppm (2.5 pg/ml
10 500 ug/mi). The suspennom were piaced on a gyratory shaker operating
at 200 strokes/min at 38 F-40° F (3° C-5° C) and 72* F (22° C). Samples were
withdrawn at regular intervals and assayed for number of viable cells by dilution
and plating cn Bacto blood agar base plates which were then incubated at 85° F
€30° C) for 24 hr.

For microscopic examination, drops of becterial suspensian were deposited
on top of previous dried drops in order to increase the number of cells per
field. The smears were staned with Grams stain in the conventional manner.

Vira! Preparations.~—A type 6 Eche virus, originally obtained from Fort Bakes,
San Francisco, was propapt:d in roller tube cultures of embrycnic monkey
kidney 104 (Microbiological A L Rockville, Md.) monolayers in Lei-
bowitz's L-IS medium without serum. When cellular destruction was compicte
the cultures were frozen and thawed for 3 cycies to release the intraceliular
virus. The pooled virus matedal, which was to serve as the inoculum, was
Gispensed in I oz prescription bottles, 20 mi each, and stored a1 —94°* F( -0 C)
Wirus titers were determined by the end-point diluts hod by L
0.1 ml of serial 1G6fold ditutions in L-15 into each of four monkey kdney
culture tubes pet ditution. The celis were maintained in L~15 with 2% inactivated
feta) calf serumn and incubated in 3 roller drum at 95°F (35° C). The tutes
were cxamined micrescopcally first a1 72-hr intervals, and at 48-hr intervals
thereafter {or the rest of the 14-dzy inculation period. These preparations con-
tained about 10%* X% tissue cultute wfective doses (TCID .y per 1.0 m!l. For
survival studies 2.0 ml of 10°7 saline dilution of the pooled virus preparation
was added to cach flask 1o yieid about 10** TCID /1.0 ml As in the E.
coli suspensions cach viral suspension received a concentration of an organic
substance and aged on the gyatory shaker at 38" F-30°F (3°C-5°C) and
72* £ (22 C) Sampics were taken al regular intervals and assayed imtmediately.

Rroats avo Axursss

Figs. 1-$ depict the protective influence of bow levels of tepresentative noncar-
bohydrate orgznic additives on a constant density of bacierial cetls (1 x 104
organisms /ml) at 38° F-49* F (3° C-5* C). Ia all instances lbc appuca( survive
2k wese found to be greater in the organic additiv P d water than
in the controls. However. as may be noted, the sumaval eahancing capacity
of these substances differed. The substance most effective appeared 10 be Bacto-
peptone (Fig. 1) As 1s shown, bacteria in the control died cff at a relatively
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fast rate leaving approximately only 1.0% of the popelation surviving a 10-week
exposure, after which time, viability was consistently undetectable upon assay.
in contrast, better survival occurred when the water was supplementd with
traces of pep Water suppl d with 125 ppzaand 250 ppm (125 xng/ml
and 250 pg/ml) of peptone elicited the highest survival and the longest persis-
tence of the organisms (20 weeks). Similar results were achicved using heart

fusion (Drfco) supp} d water (Fig. 2). The survival 1esponse effected
by ot * organics (fzcai matenal, yeast extract, casitone, casamino acids, trvpti-
case soy, ¢1c.) was less marked and all were of the same general nagmcdc

W renh e K

{yeastand fecal taaterial—Figs. 3 and 4 2re typical). I gthe ¢
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FIG. 1.—S-rvival Pattern of E collas Al
Concentrations

by increments, to 100G ppm (1.0 pg/ml) did not significantly augment the

protective effects of thesc materials.

Of zdditional interest was the observation that in the presence of orgaaic
of the cells as well as the colonies appeares to

b the pholoz:

Tize (Keets)

RG. 2—Survival Pattern of £. ool a3 Af-
facted by Varying Concentrstions of
Heart Infusion Broth in Seswater 2t 38°
F40°F (3 C-5°C)

LN IO e p—r

be more stable. In seawater without addutives the bacierial cells changed from
the characteristic shott 10ds to misute coocoidal forms in about 14 days. Celis

pended in water akow level of organic matter the ceecoidal forns
appeared xt 22 days: whereas at the bigher ofpanic Jevels, these occurred at

about 35 days
With respect 10 the colony development, a parshiel, varying de;ree of effect
was fikewise soted. A smzll p xge of tiny coloni quiring an add*ional
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24 hr of incubation (o develop into countable sizes began 10 occur in the control
populations at about the 3rd week and i d gradually up to i
of about 35% at the 7tk week. In contrast. these abnorma., tiny. slow growing
colonies did not begin 10 appear in the high level peptone-supplemented water
usti) after a 6-week exposure and did not reach maximum (357%) until the 13th
week. It is possible that the idal form is xbe q of an adaptive
response to the stress imposed by an ad Further, a portion
of the sutviving population, more exasting in actritiosa! demand may have
been selected.
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PG, 3—Survival Pattern of E.cofias AL AG. 4.—~Survival Pattem of E. coll as

fected by Varylng C. X of Affectsd by Varying Concentrstions of
Yeait Extract in Ssewater st SE-40°F Fecal Matecis! W) Seswater at 32° 745
{3’ C-5°C) F{3rC-5C)

At T F (22° ©), the effect of adding organic sub to Licited

amackedly different response, as shownin Fig. 5. App ty. 2t this temp

scawater, permitiicg g.-ouh For example, at 500 ppm (500 pg/mi), peptone,

the organic matenal completely overwhelmed the bactericidal properties of the

trypth soy. and app y feces, readily initiated 2nd supported prosrcsme
bacterial growth for about 6 da)s. followed with a ststiomary phose g
3 weehs anxd then 3 seq ial decline p § at such 2 mate

3 that viablity in the order of about 56 organisms 'ml pesmcd up to the 17th

week. However, it has been established that, amorg the varied tozic substances,

scanater ins 2 toxic principle which is th Late. Sterilization by asto-

ciaving. filtration, or cven sgiag affects its potency {1.2). Accordingly, in this
respect. the protective activity of the organic additives observed may rx be
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inficative of a tr .¢ siate in nature; to some degree, it could hikely be exaggerated.
Experiments with viruses showed that 2¢dition of various cencentrations ot
pepione, c3samino acids, yeast extract, tryplicase, and fecal materiat to fikiered
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RG. S.—inf of Orgenic Addltives In 500 ppm {500 pg/mi) on Survivel of E.
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RG. S—nactivation Rate of Echo § Vinw in Ssawstor a3 Furcticn of Tempecsturs

natural, d did nox

PP

ibly change the survival capacity of

the virus at enther 38° F-40° F (3* C-5° C) or at 72* F {22° C). Fig. 6 compares
the inactivation rate of the virus 2t 38° F-40* ¥ and 72* F in unmodified, filtered
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seawater. Inactivation was more rapid at 72° F than at 35" F-40°F. A cold
cnvironment appears to be more effective than organic pollutants in enhancing
the persistency of the virus to provide 3 potential source of disease hazards
for humans who come in coatact with viral contaminated waters.

SunBrary AnD CONCLUSIONS

Survival of Escherichia colt and Echo 6 virus was studied in aerated scawater
(shaking) under ambis d at 38" F-40° F (3" C-5* C)and 72* F 22° C).
The addtion of fow of orgaric sub including feces. en-
hanced bacterial survival at 38° F-<0® F. A1 72* F these organics became growth-
promoting for E. coh. ining a 40-fold population i bling viabihity

to persist for 18 weeks. On the other hand, the addition of crganic substances
did not enhance viral survival, The iitial inactivation rate for this virus was
greater at 72° F than at 39° F-40°F.
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ABSTRACT At 3 temperature o( 38" F - 30" r bactenal survivals (Escherichus colp
were delidesately  “poifuted™ with  small
coacentrations of orgazKc mmuk {25 ppm « SG0 ppea) ncloding peptonc, heart
1nfuson, cxsamno 363, yeast eatract, UYptcase 3oy, and buoua {cccs 1z 2 warmer
caviror mental temperature the survival y of those bocams
growth promoting residting a a $0-fold pcw.hxm increase followed wun a marked
werease 11 microdbial persistence Luting at .:nl 1% weeks  These subsiances were siso
capedle of stxbiing ¢efl and colony same ph was 2ot
obscncd o peraliel expefments with Echo 6 virzs. In thes mstance, cold tempenatare

4 e n survival me  Inactivation nate was
xm:ul and the vina persisted ¢ 14 weeks at 38° F - 40" F. contrasted sha-ply with

y P atan 4] ofITF
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