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Coliphages and indicator bacteria in birds around Boston
Harbor
DM Ricca and JJ Cooney

Environmental, Coastal and Ocean Sciences Program, University of Massachusetts Boston, Boston, MA 02125-3393, USA

Droppings from feral populations of pigeons, geese and herring gulls from the urban/suburban environment around
Boston Harbor, MA, USA contained up to 10  © somatic coliphages, 10 @ enterococci, 10 ° thermotolerant coliforms and
102 F-specific coliphages per gram of feces. Somatic coliphages, enterococci and thermotolerant coliforms were
common in the feces of all three kinds of birds but F-specific coliphages were found in droppings from only three

of 32 gulls. Thus these sources of bacterial and viral indicators should be considered when dealing with the ecology

of fecal pollution indicators. Moreover, microbial indicators of fecal or sewage pollution originating from bird drop-

pings may be mistaken for indicators that come from humans. This may cause an overestimate of the hazard from
human pathogens in water and confound attempts to locate sources of fecal or sewage pollution.
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Introduction and enterococci from all three species of birds. However, F-

The threat of viral and bacterial transmission through Wate§pecmc coliphages were present in low numbers or absent.

has prompted many studies concerning the use of microbial
indicators such as somatic coliphages, enterococci, coliMaterials and methods
forms and F-specific coliphages to evaluate water safe%,. .

. : : .~ Microorganisms
[6,8]. Studies that examine the presence of microbial indi- e . . .
cators in the feces of farm and zoo animals have been cor;r-he F-pilus-harboringaimonella typhimuriuriG49 [10]

ducted because of concern that indicators of human poIWaS used for the initial isolation and enumeration of F-

lution may not be specific to humans [5,9,13]. For instancespeciﬁc coliphages. The*lf'strainsEscherichia coliC3000
F-specific coliphages have been serotyped in order to fin trgi(;;gEligl?Q (ir']rdCEC i%légei(grfc%mtp)iiﬁar%nr?v\/tgi;:
human-specific variants [13]. Phage$aicteroides fragilis ' - P

. A, 4 10] were used as phage hosts when spot-testing plaques
have attracted attention as indicators because of their spegj- . . . .
ficity to human waste [7,14,16]. Wyet al [18] stated that ‘#om S. typhimuriumWG49. Each of the five bacterial host

. - trains was given to us by Mark D Sobsey, University of
non-outfall sources of faecal indicators can and do affec . : ;
the compliance of bathing waters even after expensiv@Orth Carolina, as was coliphage MS2. Coliphage MS2

engineering projects have been successfully implementedar‘?‘osI uhsaed eba)?1$ 4p0?gixge%ogtr?\;;ﬁ: g&%ﬁfﬁg'%ﬁ?\:g@ﬁges’
Four common indicators of fecal pollution: somatic coli- phag P y ! y

phages, F-specific coliphages, thermotolerant coliforms an Lrli]ﬂaat?gaé::”ushe;tsé sléosctg{;'cwsvsagsfsegsb%?ﬁ |t2/Se ﬁg:ttrg rfor
enterococci were measured in the droppings of three speg- pnagest.

es of birds, We measured indicators in the droppings of i3t (@ BGRB8 FESCHR SOTE R
pigeons Columba livig, Canada geese Bfanta '

canadensis and herring gulls l(arus argentatus These Biological Supply Co, Burlington, NC, USA) was used as

birds are highly mobile, urban (suburban), feral and® positive control for enterococci.
regarded as vermin besides living in and around Bosto%

. : jeld testing
Harbor and its watershed. Ricca and Cooney [15] foun e } . .
somatic coliphages, F-specific coliphages, thermotolera hirty-two samples of fresh bird droppings were collected

coliforms and enterococci in Boston Harbor, an urban or each of the three species of birds in the summer of

harbor where human fecal pollution is a concern. Surfac%ggg_' égsbt'fx?rﬁwgiEv)eﬁio?:]aﬁfd|élt?§|getr%fn§ tgltl)je S
run-off is a source of fecal pollution for rivers and streams y P g

[11]. Our goal was to see if we could detect these microbiaf‘smg sterile toothpicks and kept on ice until tested for the

L ; resence of indicators. One-gram samples of pigeon drop-
indicators from non-human sources using methods com?. 9 P P9 P

monly used by public health agencies. We found substanti%Ings were collected from nesting sites under a highway

: : : ridge in Weymouth, MA. Each sample was placed in 5
numbers of somatic coliphages, thermotolerant cohformsn,'I of cold TGYE broth. One-gram samples of herring gull

droppings were collected from an active landfill in Milton,
Correspondence: JJ Cooney, Environmental, Coastal and Ocean Scienc’vIA and placed in 5 ml of cold TGYE broth. Twenty-gram
Program, University of Massachusets Boston, Boston. MA 03125.33035amPples of goose feces were collected from a golf course
USA in Braintree, MA and placed in 20 ml of cold TGYE broth.
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testing for bacteria, or centrifuged (60803 for 10 min at  Results and discussion
4°C) when testing for phage. Dilutions of the supernatant
phases (in phosphate-buffered saline, PBS) were tested fétmdicator count trends are shown in Figure 1. Somatic coli-
each of the four indicators. phages were found in over three quarters of the fecal
samples from pigeons and herring gulls and in about half
Bacterial and coliphage counts of the samples from geese. Somatic coliphage plaque
Membrane filtration (0.4%m pore-size nitrocellulose counts from goose droppings averaged about ten times less
filters) was used to enumerate the bacteria [1,17]. Memthan the numbers (010" pfu g™) in herring gull or pigeon
brane filtration of thermotolerant coliforms and enterococcidroppings (Figure l1la). Enterococci were detected in over
was performed on dilutions of fecal samples in PBS. Foi80% of the fecal samples from all three kinds of birds.
thermotolerant coliforms, membranes were incubated overfEnterococci numbers ranged from less than one CFU g
night at 44.8C on mFC agar with rosolic acid (Difco Lab- to 13 CFU g* with counts highest in herring gulls (Figure
oratories, Detroit, MIl, USA). Blue colonies were counted. 1b). Thermotolerant coliforms were present in all samples
For enterococci, filters were incubated for 48 h at@bn  from all three birds (Figure 1c). The range of thermotoler-
mME agar [17]. The membrane filters were then transferrednt coliforms in goose droppings @aC® pfu g*) was
to Esculin-Iron Agar (EIA, Difco) and incubated for 15 min lower than the ranges for pigeons $20C°) and herring
at 4°C. Pink-to-maroon colonies that blackened EIA gulls (1G-1(F). No F-specific coliphages were found in
were counted. pigeon and goose feces (Figure 1d). Only three of the 32
Standard double-agar-overlay plaque assays [2] wersamples of herring gull droppings had F-specific coliphages
used to determine phage numbers. Plaque counts weend plaque counts on these plates®€l@) were low.
made by plating a mixture of logarithmic-phase host bac- The high numbers of somatic coliphages, thermotolerant
teria and sample dilutions on TGYE agar. Somatic coli-coliforms and enterococci from bird droppings in this study
phages were counted after overnight incubation &iC37 were in the same range as numbers found previously in
using E. coli C as host while F-specific phages were humans and animals [5,7,9,13]. However, F-specific coli-

detected after overnight incubation at@Awith S. typhimu-
rium WG49. Phages isolated fro®. typhimuriumWG49

were spot-tested [12] orE. coli C3000 andE. coli

phages were encountered less often and in lower numbers.
This is in agreement with results obtained by Dhillenal
[5] and Osaweet al [13] but differs from the high numbers

HS(pFamp)R to verify that they were F-specific coliphagesdetected by Havelaat al [9] and Grabowet al [7].

Phages were also spot-tested SntyphimuriumWG45 to

see if any were somatiSalmonellaphages and ok. coli
C to see if any were somatic coliphages.

Grabowet al [7] found F-specific coliphages in South
African seabirds more frequently than we found them in
herring gulls and they detected F-specific coliphages in
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Figure 1 Frequency of somatic coliphages (a), enterococci (b), thermotolerant coliforms (c) and F-specific coliphages (d) impmgebEd and
goose? droppings.
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geese whereas we found none. Their method for detecting Dhillon TS and EKS Dhillon. 1972. Studies on bacteriophage distri-

; ; ; bution: II. Isolation and host range based classification of phages active
phages involved anenrichment step and the resultlng on three species of enterobacteriaceae. Jap J Microbiol 16: 297-306.

increase in sensitivity may be why they found more F-Spe-5 ppijon TS, EKS Dhillon, HC Chau, WK Li and AHC Tsang. 1976.
cific coliphages than we did. We_Useq the qOUble'aQar OVer-  studies on bacteriophage distribution: virulent and temperate bacterio-
lay plague assay common for microbiological water quality — phage content of mammalian feces. Appl Environ Microbiol 32: 68—
studies in order to determine if customary analyses can be6 7D{1_- cop J. 1993, Vi amination of surf er. In: Trends i
; [ ; ; ; rkop J. . Virus contamination of surface water. In: Trends in
mflueng:ed b)lll Idndlca.tor mICI’OO.rgaclj’llsrTS frorﬂ b|¥ds' dol Microbial Ecology (Guerrero R and C Pédrdlio, eds), pp 607-614,
Herring gu Iroppings contained phages that formed pla- Spanish Society for Microbiology.
ques onS. typhimuriumWG49. Spot tests of plaques from 7 Grabow WOK, TE Neubrech, CS Holtzhausen and J Jofre. 18865-
S. typhimuriumWG49 on different hosts showed that some  teroides fragilis and Escherichia colibacteriophages: excretion by
of these phages can infest typhimuriumWG45 and can Eumalns aza a&”ga'j- WgtRSFC' Teﬁhgol'vlfﬂi 223—A23|?-t anakul. MT

: : ) avelaar AH, utler, arrah, arques, A Ketratanakul,
also infectE. coli C. In other Word.s’ the_-y are somagal Martins, S Ohgaki, MD Sobsey and U Zaiss. 1991. Bacteriophages as
mongllaphages as W_e” as somatic cthhages. Phages that mogdel viruses in water quality control. Wat Res 25: 529-545.
can infect bothE. coli and S. typhimuriumhave been iso- 9 Havelaar AH, K Furuse and WM Hogeboom. 1986. Bacteriophages
lated from sewage [4]. Sinc& typhimuriumWG49 was and indicator bacteria in human and animal faeces. J Appl Bacteriol
designed to differentiate somatic coliphages from F-specific_ 60: 255-262.

: : . . . 0 Havelaar AH and WM Hogeboom. 1984. A method for the enumer-
collphages, the existence of somatic collphages In thé ation of male-specific bacteriophages in sewage. J Appl Bacteriol 56:

environment that can infe@almonelldsomatically’ means 439-447.

that somaticSalmonellgphages can be confused for F-spe-11 Jagals P, WOK Grabow and JC de Villiers. 1995. Evaluation of indi-
cific phages. Therefore, although bird droppings are prob- cators for assessment of human and animal faecal pollution of surface
ably not a major source of somatalmonellaphages in run-off. Wat Sci Technol 31: 235-241.

. . 2 Kreuzer HE and ES Miller. 1994. Rapid screening of phage progeny
the environment, care must be taken when sampling a]t from multiple-factor crosses. In: Molecular Biology of Bacteriophage

places where some kinds of birds congregate. T4 (Karam JD, ed), pp 442—443, American Society for Microbiology,
These results indicate that pigeons, herring gulls, geese washington DC.

and probably other birds as well can contribute somaticl3 Osawa S, K Furuse and | Watanabe. 1981. Distribution of ribonucleic

coliphages, thermotolerant coliforms and enterococci to acid coliphages in animals. Appl Environ Microbiol 41: 164-168.

S - 4 Puig A, J Jofre and R Araujo. 1997. Bacteriophages infecting various
Boston Harbor. These indicators may be added dlrectly t& Bacteroides fragilistrains differ in their capacity to distinguish human

harbor water or they may enter via storm sewers, rivVers or fom animal faecal pollution. Wat Sci Technol 35: 359-362.
runoff from the land. Feral populations of birds should be1s Ricca DM and JJ Cooney. 1999. Coliphages and indicator bacteria in
considered as a source of indicator organisms in some water Boston Harbor, MA. Environ Toxicol Wat Quality 14: (in press).
quality studies. 16 Tartera C, F Lucena and J Jofre. 1989. Human origiBaxfteroides
fragilis bacteriophages present in the environment. Appl Environ
Microbiol 55: 2696-2701.
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