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Introduction
Nosocomial infections pose a serious threat to hospitalized 

patients. An estimated 2,000,000 people are infected and 

100,000 die each year from infections acquired while undergoing 

treatment, despite current prevention measures.1

One area of concern has been waterborne pathogens in hospital 

water supplies.2 Bacteria is generally maintained in low 

concentrations in the water supply; however, stagnant water may 

reside in sinks for hours or days between uses, acting as a 

reservoir for already present bacteria to reproduce. Without 

frequent flushing, protective biofilms can develop and potentially 

harbor opportunistic pathogens.3 These biofilms are nearly 

impossible to remove without replacing the affected components.

Microbes in the water system are usually gram-negative bacteria 

that are treated with antibiotics after infection. Treatment is 

complicated by antibiotic resistance factors, which can be 

transferred between bacteria through conjugation, transduction, 

or transformation.
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offers a unique opportunity to identify and track resistance  

factors as well as bacterial contamination while a hospital is 

undergoing construction. Low use of water during construction 

can lead to large accumulations of bacteria in water outputs. 

Bacteria in stagnant water at high 

concentration have the opportunity 

to develop biofilms and pass resistance 

factors. To determine bacterial 

contamination and antibiotic resistance, 

water samples were taken from patient 

room sinks and analyzed.
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Methods
Low-use sinks in University of Minnesota Medical Center =

Fairview (UMMC-F) hospital were sampled from October 

2009 to February 2010. Ante-room sinks were selected 

based on the likelihood of having long-standing stagnant 

water with significant contamination (30 samples total).
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sampled (42 total) from January 2011 to April 2011. The 

initial output of water was taken. Samples were serially 

diluted and 1ml was placed onto duplicate Tryptic Soy Agar 

plates for growth. Plates were stored at 37°C for 48 hours. 

Bacterial colonies were counted and averaged to 

determine contamination.

Different types of colonies were identified based on 

morphology. A pure culture of each type of bacteria was 

made. Bacterial colonies were placed into sterile buffered 

distilled water until turbidity matched a 0.5 McFarland 

standard. The microbes were streaked onto Mueller-Hinton 

agar plates.

To test for antibiotic resistance, 5 BBL sensi-discs were 

placed onto the media. The types of antibiotics were 

Ciprofloxacin = Ceftazidime = Ertapenem =

Piperacillin/Tazobactam = and Tobramycin, based on their 

common use on gram-negative bacteria and 

representation of different antibiotic groups. After 18 hours 

of growth, zones of complete inhibition were measured. 

Criteria for antibiotic resistance were based on standards 

set by the Clinical and Laboratory Standards Institute. An 

antibiotic quality control check was performed using E. coli 

ATCC 25922.
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Results
? A level of acceptable heterotrophic plate count in CFU/ml 

concentration is <500.5 The average for both UMMC-F and 

ACH were above 500.

Quality control ! acceptable inhibition zones for E. coli

? All antibiotics were confirmed to be the correct potency.

Clearing zone standards for Enterobacteriacaea (mm)

The majority of antibiotic resistance plates showed little to 

no growth. No resistance factors were found.
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UMMC-F ACH

Median 4,211 34,726

Mean 945 14,750

Std. Dev. 7,675 58,815

Range 0.9-30,000 300-319,000

Ceftazidime Ciprofloxacin Ertapenem Piperacillin/

Tazobactam

Tobramycin

Range (mm) 26-36 30-40 29-36 24-30 18-26

E. coli (mm) 27 34 31 25 19

Conclusions
Stagnant water in both UMMC-@-$2A$38)-"1)!*+,-#.)/0$,123"4()

Hospital had significant levels of contamination, with the median 

being over the acceptable cutoff of 500 CFU/ml, although the 

mean level in ACH was 15-fold greater. The high levels of 

bacteria in ACH prior to opening to patients poses a substantial 

risk for biofilm buildup and transfer of resistance factors.

Problems with bacterial growth

The protocol used to perform antibiotic resistance testing 

requires fast-growing organisms on Mueller-Hinton Agar. Many of 

the microbes required 48 hour growth, but the antibiotic plates 

were checked after 18 hours. Some bacteria that grew readily on 

Tryptic Soy Agar did not on Mueller-Hinton Agar.

Future Plans and Applications

? Water in ACH will continue to be monitored after it opens in 

April 2011.

? If resistance factors are identified, conjugation and 

transformation experiments will be conducted to transfer these 

factors to opportunistic pathogens.

? Water quality management will include manual faucets instead 

of automatic faucets to avoid more highly contaminated first-

draw water. Additional treatment through disinfection may be 

needed to minimize bacterial content.

Ceftazidime Ciprofloxacin Ertapenem Piperacillin/

Tazobactam

Tobramycin

Susceptible >21 >21 >23 >21 >15

Intermediate 18-20 16-20 20-22 18-20 13-14

Resistant <17 <15 <19 <17 <12

Ertapenem, 23mm


