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In August 1984, routine bacteriologic
monitoring of a water distribution system
serving 350,000 people in Connecticut
revealed elevated total coliform counts
(mean 12.1 coliforms/100 ml) (standard 1
coliform/100 ml). Speciation of coliforms
identified Klebsiella pneumoniae, Entero-
bacter cloacae, and E. aerogenes, but
not Escherichia coli. An investigation
was begun to determine the source and
public health significance of the bacteria
in the water supply. Interim control
measures included increased chlorination
and flushing of the distribution system
but not a boil-water order.

The distribution system received
water from four reservoir systems and
five well fields. Water from three of the
reservoir systems was filtered and chlor-
inated. Water from the other reservoir
and from the well fields was chlorinated
but not filtered. Free-chlorine residuals
were maintained at 0.6-1.0 ppm in treat-
ment effluents from surface sources and
0.2-0.4 ppm at the well fields and rang-
ed from 0.2 ppm to 0.5 ppm at points
distant in the distribution system.

Some distribution system sample sites
received water from only one source

rather than a mix from several sources.
When coliform counts from these sites
were stratified by water source and type
of treatment, the percentage of samples
with more than 4 coliforms/100 ml in each
stratum was significantly greater than
the standard of less than 5% (p 0.05).
The percentage was 15% (13/87) from
sites receiving water from the five well
fields; 18% (25/139) from the unfiltered
reservoir system; and 21% (19/92) from
the three filtered reservoir systems.

Because elevated coliform bacteria
counts were found throughout the distri-
bution system, it was felt that fecal
contamination originating from one part
of the system was unlikely. Further
evaluation to rule out fecal contamination
included inspections of water-treatment
facilities to identify lapses in chlorination
and cross-connection incidents; review of
surveillance data from 1982 to 1984 for
Salmonella, Shigella, and hepatitis A
from the towns served by the distri-
bution system and all other Connecticut
towns; expanded daily bacteriologic
monitoring; fecal coliform testing; and
continued speciation of coliforms. No
evidence was found of fecal coliform
contamination. After the initiation of
control measures, the percentage of
specimens with more than 4 coliforms/
100 ml remained elevated for 2 weeks,
then decreased to below 5%.

The types of coliforms found in this
distribution system, while not in them-
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selves enteric pathogens, have been
associated with infections in compromised

patients, particularly in the hospital
setting. A review of nosocomial infec-
tions occurring in April-September 1984
in intensive-care units of a large hospi-
tal served by the utility found no in-
crease in the number of K. penumoniae
infections with antimicrobial sensitivity
(gentamicin-sensitive) similar to the
water system isolates. Data from an-
other local hospital revealed no signi-
ficant increase in the . percentage of
hospital isclates of K. penumoniae, E.
cloacae, or E. -‘aerogenes that were
gentamicin-sensitive in July-August 1984,
compared to 1983.

EDITORIAL NOTE: Water distribution
systems normally contain living micro-
organisms and nutrients that may enter a
system with raw water during treatment
failures or from sources, such as leaks,
cross-connections, and back-flows.
Bacterial growth may occur at or near
the pipe surfaces (biofilms), the inter-
face of suspended particulates, and
within the water itself. Factors that
influence bacterial growth include water
temperature, flow rate, and chlorination.
The bacteria commonly found in biofilms
grow on minimal nutrients and are able
to encapsulate or develop a gelatinous
slime that protects them from the effects
of chlorine (1).

The data from the Connecticut investi-
gation were consistent with the hypo-
thesis that the elevated total coliform
counts were due to the sloughing of
coliform bacteria that had accumulated
within a biofilm on inner pipe surfaces.
The coliforms were of the same types
commonly found in biofilms (1). Persis-
tent elevations in coliform counts during
the first few weeks of control measures
were consistent with biofilm sloughing.
Two of the major contrel measures,
increased chlorination and flushing of
the distribution system, promote slough-
ing of biofilm with corresponding eleva-
tions in coliform counts (2). Because
the coliform speciation data and the
above analyses supported the biofilm
hypothesis and no evidence of adverse
health effects due to coliforms of the

types isolated from the water distribution
system was found, state and federal
water-quality officials recommended
against issuing a boil-water order.

Water-quality problems caused by the
bacterial colonization of water distri-
bution systems are probably much more
common than reported. In two cities
where these problems were well des-
cribed (2,3), water-quality crises were
highly publicized, expensive to manage,
and difficult to resolve. Increased
chlorination and  flushing were eventually
successful in eliminating the coliforms
from the distribution systems in both
cities. Health officials in one city as-
sumed that the bacteria were a potential
health risk in the absence of information
to the contrary and issued a boil-water
order. In the other city, officials
waited until the mean coliform bacteria
count for the system exceeded 200 coli-
forms/ 100 ml before issuing an order to
boil water. While Connecticut water-
quality regulations give health officials
the power to issue a boil-water order,
criteria on which to base the decision to
issue such an order do not exist.

No outbreaks of waterborne disease
due to coliforms in potable water of the
types found in biofilms have been re-
ported to CDC. No association was
found between hospital infections and
biofilm sloughing in Connecticut, but
additional studies are needed.

Historically, total coliform standards
were established because it was felt that
the total coliform count was an index of
the presence of fecally associated bacter-
ial and wviral pathogens. This relation-
ship may not be consistently (true,
especially in the setting of biofilm slough-
ing. At present, elevated coliform
counts in community water distribution
systems must be evaluated on a case-
by-case basis- to determine whether the
counts are due to biofilm growth and
sloughing or represent fecal contamina-
tion. Biofilm growth in water distri-
bution systems may be a recurrent issue
for water utility managers and public
health officials and a challenge to those
who are asked to interpret water-quality
standards when they are not met.
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IMMUNIZATION NEWS ren under seven years of age whose fourth and fifth
it doses were deferred. :
DTP Vaccine Availability _

Because of a shortage of diphtheria-tetanus- i. CDC. Diphtheria-tetanus-pertussis vaccine short-
pertussis (DTP) wvaccine in t?le Uml;z?d S!‘.ates, the age - United States. MMWR. 1984: 33: §95-6.
U.S5. Public Health Service issued interim recom-
mendations to postpone administration of the DTP H hilus Vaccine Li a
vaccine doses usually given at ages 18 months and aemophilus Vaccine License .

4-8 years (fourth and fifth doses) wuntil greater A polysaccharide vaccine (Haemophilus b Poly-
supplies became available (1). On April 25, 1985, saccharide Vaccine) against invasive disease caused
Connaught Laboratories announced its resumption of by Haemophilus influenzae type b recently has been
full-scale distribution of DTP wvaccine and the avail- licensed in t.t'le Umtec‘l States. Recomme_ndatmns of
ability of 2.2 million doses for immediate shipment. the Immunization Practices Advisory Committee (ACIP)
Since November 1984, Lederle Laboratories has been were recently P‘;‘EthhEd (1). Vaccine is recom-
distributing its own vaccine as well as that manu- merided for all children at 24 months of age. It
factured by Wyeth Laboratories. Projected pro- should also be cor_131dered for. ch11d_ren 18-23 mqnths
duction schedules indicate that supplies should be of age who are in known high risk groups (i.e.,
adequate to provide the normally recommended fourth children who attend day care facilities and those
and fifth doses of DTP and to provide the needed with chronic conditions). However, the vaccine is
catch-up doses for children who have had them not likely to be as effective in this age group as in
deferred. older children. -These younger children may need a

. . second dose within 18 months following the initial

In view of these developments, the U.S. Public dose to ensure protection. The State of Connecticut
Health Interagency Group to Monitor Vaccine Develop- Department of Health Services will not be supplying
ment, Production and Usage after consultation with the vaccine at this time.
the ACIP and AAP feels that the interim recommen-
dations no longer apply. Immunization providers 1. ACIP: Polysaccharide Vaccine for Prevention of
should resume administration of the complete DTP Haemophilus influenzae Type b Disease. MMWR.
schedule and implement recall procedures for child- 8 1985, 34: 201-206.
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