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Absiract: High numbers of tolal and fecal coliform
bacteria have been detected in pristine streams amd in water
samples collected from epiphytic vegetation 30 feet above
ground in the rain forest of Peerto Rico. Identification of
fecal coliform isolates demonsirated the presence of
Escherichia coli in these samples. Nucleic acid (INA)
analysis indicated that the puanosine + cviosine content of
the environmental iselates was idemtical to that of clinical
isolates of E, cali, Diffusion chamber studies with £, coli af
several freshwater sites revealed that this bacterium can
survive indefinitely in mosi freshwaters in Puerto Rico,
Am evaluation of methods for the enumeration of fecal
coliforms showed that corrently wsed media bave poor
reliability as a result of irge numbers of Talse positive and
false megative results when applied 10 Puerto Ricap
environmental water umpl-&s. Based on these l'ipl;liﬂg!, tafal
and fecal caliform bacleria may nol be reliable indicators of
recent biologleal contamination of walers in Pueria Bicoor
other tropkcal areas,

he robke of drinking and other types of water as

disease vectors has been well decumented.” Many
pathogens and opporiunistic pathogens can be found in
polluted and unpolluted waters (some of the mosi
common ones are shown in Tables [and (1), although not
all of thess have been linked 1o waterhorne dscass many
of them have been found in Pusrto Bico_ 1t has been esti-
mited that up to five million people die each year from
waterbome discases worldwide.” Many of these deaths
may be a5 a result of drinking Mologicallv contaminated
water. Many waterbone outbreaks of gasiroenteritis and
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hepatitis & have been described in the literature.* Since
many pathogenic oTgAMNISmMS CAN OoCUT in water at very
low densaties (<2 ] per hter) and still be infective, their
actual presence may be undetsctable or assessed only
through very expensave and ime consuming tesis. Mearly
all of these pathogens are transmitted o water by fecal
contaminatton. For these reasons, bacteria thal ape
found exclusively and universally in feces at very high
densdties are wsed as indicators of fecal contamination,
Thus the presence of a certain growp of bacteria in water
is used o demonsirate the postibility of biological conta-
mination. In the late [800°s Houston progosed the idea of
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using three groups of bacteria (i.c. coliforms, fecal
streprococct, and the gas-producing clostridia which are
commonly found in the feces of warm blooded animals)
as indicators of fecal pollution of waters.* He argued that
sance these proups could only come from fecal sources
their presence would indicate recent fecal pollution.* For
mearly cighty years the coliform group of bacteria has
been used as such indicators.

The term “coliform™ is used 1o indicate certain
bacterna which ressemble the bacternum Erokericbio coll
|{|:n|,:|li|'|_||'l'|'|I ar £ eofi-like), The coliform riup ok Tuirthser
divided into two subgrowps: woal coliforms and fecal
colforms. The total coliform group are Oram-negative,
facultatively anaerobic, non=porelating rods, which
ferment lactose with the production of gas ar 35%C, more
than 50 species of bacteria have been shown to give a
positive coliform reaction.” The fecal coliform group
{though Escherichio coll, Clrrohacrer frenndi, Klehaielia
prenmeriae, and Enrerabacier clogoge may give positive
fecal coliform reactions, E cadi is the target organism is
this assav) has the same propertics as mentioned abowe
with the added property of thermotolerance, ie.
capability to ferment lactose at 44.5°C. Escherichia coll
was first described by Eschenich in 1855 and is found in
high densities tn the feces of warm blocded animals. As
the term “fecal coliform™ implies, it has not begn found (o
replicats or survive extraenterally (1. in the environment },
The presence of fecal coliforms in water, therefore
indicates recent fecal contamination, On the other hand,
the total coliform group is used to indicate the possible
presence of £ coff in water. Even though total coliforms
are found as part of the normal environmental
micreflora, they meet several criterin which maks them
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desirable as indicators of bacierial pollution. Bonde'
enumersied these criteria as follows:

. The indicator must be present whenever pathogens
are presenl.

2. It must be present only when the presence of
pathogenic organisms is an imminent danger.

3 It must occur in much greater number than the
pathogens.

4, [t must be maore resistant to disinfectants and 1o
aguenus environments than the pathogens,

5, It must grow readily on relatively simple media,

&, It must yvield characteristic and simple reactions
enabling as far as possible an unambiguous identi-
Mcation of the group or species.

7. It should preferably be randomly distributed in the
sample 1o be tested.

B, Is growth on artificial media must be largely inde-
pendent of any other organism present,

History

The presence of pathogens in water was suggested by
it marhest microscopists. In 1678 Lesuwenhoek descnbed
organsms found in canal water that resemibled wibnos,
though he did not make any connection betwesn these
ohservations and discase. Snow 15 generally acknow-
ledged 1o be the first in describing a waterborne dissase
outhreak.’ ® By removing the pump handie from a public
well in Broad Sireet, Londen and a subsequent decrease
in disease incidence he demonstrated the connection
between water consumption and a cholera epidemic, In
1856 Budd showed a relationship between typhoid fever
and fecal contamination.'s * However, it was not until the
work of Koch amd coworkers that procedurss wers
established for examining sources and pathwavs of
infections.® For more than one hundred yveams we have
looked for reliable methods to determine whether water
is fit for human consumption.’'

Repulations

The first drnking waler regulation for microbial
contamination in the U8 was published in 1914, This
wits Lhe firar “Public Health Service Drinking Waner
Sandards’ regulation. Subsequently, this regulation was
replaced by 15, Public Service Acts of 1913 and 1962,
The current U5 regulation comes from the Safe
Dirinking Water Act (Public Law 93-523, 1974). The 115,
Environmental Protection Agency proposed changes
that ar now being implemented (Federal Register
dB:45502-45521, Ocrober 1983). The law was approved in
July 1986 and is currently in its first phase of implemen-
tation, The new regulation requires that there be 0
coliforms/ 100 ml by any methoed, for any sampling
frequency for drinking waters. Potable water in Puerio
Rice is currently controlled by Regulation Mumber 50 of
the Secretary of Health, June 21, 1983 (Fig. ). This
repeals the previous regulation of the Secretary of Health
Mumber 44, Movember 29, 1979, Both of these regula-
Lions are pursgant o the provisions of Law Mumber 5,
July 21, 1977 known as “Law to Protect the Purity of the
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Figure 1. Puerio Rico Microbbological MCLY Regulations for Fotable
Waier.

Potable Waters of Puerto Rico.” Article V1 of Regulation
50 deals with the Maximum Microbiclogical Contami-
nant Levels (MCL's).

During the last 20 years there has been a shift by
government agencies to use fecal coliforms for water-
monitoring purposes (instead of the currently used total
coliforms), even though the regulations are still based on
total eoliferm levels. Fecal coliform enumeration s less
ambiguous than total coliform enumeration,’

Fecal Coliforms in Puerio Rico

Monitoring of Puerto Rikan walers by the TS
Geological Survey® reported that 34 ot of 67 water
sampling stations on nivers in Puerte Rico exceeded the
recommended MOLs for recreational waters (ie. < 100
fiecal coliforms per 100 ml) during 1984, Thus only 19% of
all sites sampled met the recommended MCL for
recreational waters, These findings have resulted in
condemmation of sewage treatment facilities in Puerto
Rico as a source of fecal pollution of natural waters.

Srudies in our laboratory over the past seven
years™ 1% have shown that even pristine sites in the
Caribbean Mational Forest are in “violation™ of
recreational water MCL's for fecal coliforms. [dentifica-
tion of more than 300 fecal coliform isolates from these
sites showed thal less than 4085 of these isolates were
actually £ cofi,'* Similar studics using the same methods
in the continental US.A., Canada, and England have
demonsirated that more than 905 of fecal coliform
positive isolates are identified as £ cafi’ " 1 This
suggests that Puerto Rican water harbour bacieria
capable of giving false positive reactions when fecal
coliform assays are used. Even more surprising is the
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routing isolation of E. coli by our laboratory from water
collected from bromeliads {epiphytic vegetation) M0 ft.
above ground level in the rain forests of Peerto Rico. The
isolation of £ coli from these sources indicates that this
bacterium may be a naturally-occurring bacterium in the
rain forest, In order to confirm the latter hypothesis,
analyses were performed on the necleic acid (DMNA)
eatracted from these environmental isclates, The thermal
melting point (Tm) of the nucleic acid serands was
determined as described elsewhere" - and compared to
that of E cafi B (ATCC EXT0E) obizined from the
American Type Culture Collection. The thermal melting
points were found (o be identical. The Tm is linearly
related 1o the average DNA base composition and it cin
be related o its guanine + evtosine (G4 Checontent, since
this base pair confers extra thermal stability o the
molecule.'” The importance of the G+C content in
bacterial taxonomy s that it can be an excluding
characteristic. If two organisms have DN A with differing
G+C content it can be concluded that they belong to
different genera. We are currently conducting nucleic
acid hyvbridization amal yses with these bacteria in order to
determine with certainty if in fact the environmental
isolates are members of the geaus Escherichio

Studees in our laboratory on the in situ survival of an
ATCC strain of E colil have demonstrated that this
bacterinm is capable of long term survival in ran forest
rivers,™ "™ ¥ In these studies pure cultures of E coli
(ATCC L1775) were inoculated into diffusion cham-
bers'® * which were then exposed 1o aquatic environ-
mental conditions in the rniver and sampled for 5-6 days.
Results from these studies indicated that this clinical
strain of E. cofi 15 capable of surviving tropical environ-
menial conditions for extended periods of time (Fig. 2)

Pagel et al.'? compared four fecal coliform assays in
various types of freshwaters in Southern Canada, They
found that while these agsays were somewhat vamable in
their abilities o detect fecal coliforms from environ-
mental samples, they were all accepiablen terms of their
specificity and selectivity. In similar studies in our
laboratory'® using the same methodology 1o detect fecal
coliforms from freshwaters in Puerto Rico we found that

'
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the specificity of the media (determined by the ability of
the medium 1o restrict growth of organisms other than
the targer bacterium ) was at least 0% bess than the speci-
ficity claimed by the Canadian investigntors (Table T11),
Thus all the methods gave significantly hagher false
positive and false negative ervors. Controls using known
strains of E. colf indicated the accuracy of the methods to
be the same in both swdies (Table THD).
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Thess studies indicade that currently used eriteria 1o
determine the degree of fecal contamination or the
microbicdomeal qualiey of the waters in Puerto Rico may
be unrealistie. The presence of high concentrations of
naturally-cocurring total amd fecal coliform bactzma
means that bacterial pollution is grossly oversstimatedin
Puerto Rico. In fact, fecal comtamination may be
indicated when none is present. Two possibilities are
open: 1) change the indicator sysiem and determone
which bacterial genus would most closely indicate Fecal
contaminaticn in tropical waters or, 2) directly enume-
rate pathogens, establishing standards based on the most
environmentally resistant species,

Research in other tropical arcas™™" indicates that the
sitpation in Puerto Rico is analogous 1o that found in
aother tropical arsas of the world, Mowhere 15 the
importance of accurate determination of recent human
fecal contamination greater than o the tropics. The
diversity of waterbomme dhseases and thenr seve fily grearest
in tropical envirenments. Since most of the countries in
tropical climates are underdeveloped, with large popula-
tions that are undernownshed, il housed, with poor
medical services, waterborme diseases have a much
greater effect on public health in the tropics than in
temperate areas. Surprisingly few studies have examined
the efficacy of todal coliform and fecal coliform standards
in the tropici. Lavoie™ compared isolates from fecal
coliform and total coliform assays of well water in the
[vory Coast, and found a high proportion of £ ool
psodares from fecal coliform assavs, Although i the lagier
study high densities of fecal coliforms (51 CFUS 1M ml}
were isolated from untreated groundwaler 1L was
assumed this reflected a high degree of fecal contan-
nation even though none was apparent.  Fujioka
et al ™  glsp showed that £ cofi may be a normal
inhabitant of fresh and manne waters in Hawaii. Thus
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the use of total and fecal cobforms as indicators of
biological quality of water seems 1o be of limited vajue
aceonrding 1o the vanouws studies feviewed in this
communication. Hagler and Mend onca-Hagler®™ showed
that even marine waters in Brazil can have high densities
of coliforms, Other studies by our lab have shown that
marine  environments around  Puerto Bico can also
support high densites of eoliforms when hydrocarbon
concenirations are also high ™ In view of these
findings, the isolation of fecal coliforms from waters in
tropical countries may not necessarily need be a cause for
health concern, Yet tropical countries have a greater nesd
for accurate defermination of the presence of recent fecal
contamination due 1o the greater numberand diversity of
witerborne  diseases. This exacerbates the need for
alternate indicators of fecal pollution which are more
unambigueous than thoese presently in use.

Resumen: Altus concentraciones de coliformes ioinkes
¥ fecales fueron aislados tanto en muestras de arroyos no
comtaminados como de vegetacidn epifitica en drboles a de
W ples de aliwra en bosques de Poerio Rico. La
identificacién de coliformes fecales aklados de estas
foemtes indicaron la presemcia de Escherichia cofl,
analisis de acidos mucheicos (DMNA) indich goe el comtenido
de guanosina + citosing de estas copas del medio ambiente
es ilentico al de las cepus clinicas deE. coli, Estudios en
habitats de agus dulce wsando cémarss de difusidm
conteniendo cepas clinicas de E. coll demostraron que esta
bacterta puwede sobrevivir en las aguas dulces de Puerio
Rico. Los estudios de evaloaciin de los medios de caltive
actualmente usados para el aslamlento de estas bacterdas a
pariir de agua demostraron que estos medlos tiemen una
eficlencia baja debido al gran ndmero de falsos positivos v
fakos megativos cuando se wtilizen para la defeccitn de
coliformes totales v fecales en aguas dg Puerto Rico. Estos
esudios indican que los coliformes totales v fecales no son
bk mas apropiados indicadores de contaminacion biolbgica
reciente de apuas em dreas (ropicales tales como Puerio
Rieo.
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