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Evaluation of Three Culture-Based Methods 
for Enumeration of Coliphage from Ambient 
Waters
Asja Korajkic, PhD
U.S. Environmental Protection Agency

Abstract

Despite a long history of use, many uncer-
tainties exist about the ability of fecal indica-
tor bacteria to predict the presence of enteric 
pathogens in ambient waters. Coliphage densi-
ties could provide a useful alternative approach. 
Here, we evaluate the ability of three methods 
to enumerate F+ and somatic coliphage from 
1-liter samples from Lake Michigan and Trail 
Creek waters (n=37 each) collected in 2015. 
Methods tested include direct membrane filtra-
tion (MF) on 0.45-um pore size nitrocellulose 
filters, deadend hollow-fiber ultrafiltration 
combined with single agar overlay (D-HFUF-
SAL) and U.S. Environmental Protection Agency 
method 1602 (1602). Overall, somatic coliphage 
levels ranged from nondetectable (ND) to 4.38 
log10 plaque forming units (PFU) per liter and 
were consistently higher compared to F+ (ND to 
3.35 log10 PFU per liter), irrespective of method 
or water type. Concentrations of both coliphage 
types were significantly higher (P < 0.0001) 
in creek samples than in lake waters. The MF 
method recovered significantly less somatic 
(lake and creek) and F+ coliphage (creek) 
(P < 0.0001) than either 1602 or D-HFUF-SAL. 
Coliphage levels in creek water detected by 
D-HFUF-SAL and 1602 were not significantly 
different (p > 0.05). In lake waters, D-HFUF-
SAL recovered significantly more F+ coliphage 
than 1602 (p > 0.0001), but there was no signifi-
cant difference in levels of somatic coliphage 
detected by either method (p > 0.05). Results 
suggest that D-HFUF-SAL and 1602 perform 
in a similar manner, consistently recovering 
greater levels of somatic and F+ coliphage than 
the MF method, regardless of water type.

Biosketch

Dr. Asja Korajkic is a microbiologist in 
the U.S. Environmental Protection Agency’s 
Office of Research and Development, National 
Exposure Research Laboratory in Cincinnati, 
Ohio. She received her bachelor of science 
degree in microbiology and doctorate in envi-
ronmental and ecological microbiology from 
the University of South Florida. Dr. Korajkic’s 
research interests include characterizing fate 
and transport of bacterial and viral indicator 
organisms and microbial source tracking mark-
ers, as well as pathogens in aquatic habitats. 
More recently, she has been involved in the 
development and optimization of viral concen-
tration/detection methods. 
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Coliphage Levels in the Effluents of Wastewater 
Treatment Plants Discharging Nearby Great 
Lakes Beaches
Marirosa Molina, PhD
U.S. Environmental Protection Agency

Abstract

Coliphages are being considered as poten-
tial surrogates for human viruses and thus an 
alternative indicator of fecal contamination 
in recreational waters. During the summer 
of 2015, the U.S. Environmental Protection 
Agency conducted a field study to determine 
the seasonal and temporal variability of coli-
phages in selected Great Lakes (GL) beaches. 
Complementary to this work, a study was 
conducted to determine coliphage levels in 
the effluents of wastewater treatment plants 
(WWTPs) in close proximity to the selected 
beaches, with the objective of obtaining point 
source information for future modeling exer-
cises of coliphage densities. The study was con-
ducted from June 9 through September 9, 2015. 
Effluents from four WWTPs serving the Great 
Lakes region were analyzed for somatic and 
male-specific (F+) coliphages on a weekly basis 
using both the double agar overlay (DAL) and 
the deadend hollow-fiber ultrafiltration with 
single agar overlay (HFUF-SAL) methods. Based 
on the variable concentrations across treatment 
plants, both analytical methods were neces-
sary to properly detect the presence of phages 
in the various effluents. Concentrations ranged 
from 1 to 4.7 log PFU/L for F+ and from 1 to 
4.67 for somatic phages in the effluents of three 
WWTPs, with both types of coliphages detected 
at similar concentrations per individual plant. 
No coliphages were detected in one of the 
plants throughout the course of the study. The 
high variability observed in coliphage densities 
between treated WWTP effluents highlights the 
importance of these data when explaining the 
dynamics of microbial contaminants in nearby 

beaches. These results will be combined with 
fate and transport information and relation-
ships to human pathogens and health data will 
be explored to better understand the potential 
advantages of coliphage as indicators of micro-
bial water quality.

Biosketch

Dr. Marirosa Molina is a research micro-
biologist with the Exposure Methods and 
Measurement Division of the National Exposure 
Research Laboratory located in Athens, Georgia.  
Dr. Molina has a bachelor of science degree in 
industrial microbiology from the University of 
Puerto Rico-Mayagüez, and a master of science 
degree in microbiology and doctorate in ecology 
from the University of Georgia. Her research 
focuses on (1) assessing the fate and transport 
of microbial contaminants, microbial source 
tracking markers, and pathogens from point 
and nonpoint sources in watersheds through 
the application of field, laboratory, and model-
ing approaches; and (2) studying the response of 
microbial communities to land use and climate 
changes, including extreme events impacting 
agricultural and urban landscapes. Dr. Molina 
also has participated in the development and 
evaluation of Virtual Beach, a software tool 
designed to predict the concentration of fecal 
indicator bacteria in surface waters using mete-
orological, hydrological, and physicochemical 
parameters in an effort to provide nowcast capa-
bilities to beach managers and stakeholders.
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Advances in Measurements and Indicators for 
Determining Shellfish Growing Area Classifica-
tions Adjacent to Wastewater Treatment Plant 
Outfalls
Yaping Ao
U.S. Food and Drug Administration

Abstract

Since 1987, the U.S. Food and Drug 
Administration (FDA) has recommended at 
training courses and other venues the use of a 
1000:1 dilution as the minimum level of dilu-
tion needed around a wastewater treatment 
plant (WWTP) outfall to mitigate the impact of 
viruses. In 1995, this estimated level of necessary 
dilution was further calculated and explained 
by FDA using assumptions based on the most 
relevant scientific literature available at that 
time. Since then major advances in the detection 
and enumeration of norovirus in wastewater 
and shellfish have been made, and advances in 
fluorometer technologies have enabled more 
sophisticated and accurate hydrographic dye 
study methods. Using these advances, FDA has 
conducted hydrographic dye dilution studies 
within estuaries of various geographic locations 
and conditions. Shellfish sentinels placed at 
various dilutions were tested for enteric viruses 
and male-specific coliphage. This has afforded 
FDA, for the first time, with a means to directly 
determine the viral risk posed by WWTP efflu-
ent on shellfish resources. The results of these 
studies provided the scientific basis behind FDA’s 
dilution guidance that was recently adopted 
into the National Shellfish Sanitation Program. 
The results also have proven valuable for a joint 
United States/Canada quantitative norovirus risk 
assessment for molluscan shellfish as well as cali-
bration and validation of hydrodynamic models 
of WWTP discharges to growing areas currently 
being developed by FDA. The data collected 
might additionally support future forecasting 
models used to predict the sanitary impacts to 

growing areas attributed to forecasted storm-
related events.

Biosketch

Ms. Yaping Ao is a visiting associate 
with the U.S. Food and Drug Administration, 
Center for Food Safety and Applied Nutrition 
in College Park, Maryland. She serves as a lead 
modeler in the application of computer fate and 
transport models to assess pollution source 
impacts to shellfish growing areas. She assisted 
with the development of dilution models to 
support a joint U.S.-Canada norovirus risk 
assessment and has provided training on and 
led specialized field and hydrographic studies 
to identify and assess pollution sources in the 
environment. Ms. Ao’s expertise includes sup-
porting the development of guidance for irriga-
tion water use for produce safety. She received 
her master of science degree in civil engineering 
from Marquette University in Wisconsin and 
her bachelor of science degree in environmental 
engineering from the Chengdu University of 
Technology, China. 
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Coliphages as Indicators of Gastrointestinal Ill-
ness in Recreational Waters: A Pooled Analysis 
of Six Prospective Marine Beach Cohorts
Jack Colford, Jr., MD, PhD
University of California—Berkeley

Abstract

Background: Coliphages have been pro-
posed as potential indicators of fecal contamina-
tion of marine recreational waters because they 
might be able to predict the presence of viruses 
better than fecal indicator bacteria. We esti-
mated the association between coliphages and 
gastrointestinal illness.

Methods: We pooled data from six pro-
spective cohort studies conducted from 2003 to 
2009 that enrolled beachgoers in the summer 
at coastal beaches in Alabama, California, and 
Rhode Island. Studies collected water samples 
and recorded incidents of gastrointestinal ill-
ness within 10 days of the beach visit. Samples 
were tested for male-specific and somatic 
coliphage using U.S. Environmental Protection 
Agency (EPA) methods 1601 and 1602. We 
estimated cumulative incidence ratios (CIRs) for 
the association between gastrointestinal illness 
and coliphage when human fecal pollution was 
suspected to be present (“high-risk conditions”) 
and not present (“low-risk conditions”).

Results: Under high-risk conditions, a 
1-log10 increase in male-specific coliphage levels 
was associated with a CIR of 1.30 (95% CI 0.94, 
1.81) (EPA 1601; n=6 beaches) and 2.20 (95% 
CI 1.30, 3.71) (EPA 1602; n=2 beaches); under 
low-risk conditions the CIRs were 0.83 (95% 
0.70, 1.00) (EPA 1601) and 0.71 (95% 0.19, 2.72) 
(EPA 1602). The CIRs for a 1-log10 increase in 
somatic coliphage (EPA 1602) were 1.27 (95% CI 
0.92, 1.76) under high-risk conditions and 0.98 
(95% 0.82, 1.16) under low-risk conditions (n=2 
beaches).

Conclusion: Coliphage was associated with 
increased gastrointestinal illness risk at beaches 
with suspected human fecal pollution.

Note: This abstract does not represent EPA 
policy.

Biosketch

Dr. Jack Colford is a professor of epide-
miology at the University of California (UC), 
Berkeley School of Public Health. He trained at 
Johns Hopkins University (doctorate in medi-
cine), Stanford University (chief medical resi-
dent), UC San Francisco (residency in internal 
medicine and fellowships in infectious diseases 
and HIV/AIDS), and UC Berkeley (doctorate in 
epidemiology). Dr. Colford has served as the 
principal investigator for numerous random-
ized controlled trials and observational stud-
ies evaluating the impact of water, sanitation, 
and hygiene interventions in India, Bolivia, 
Guatemala, Bangladesh, Kenya, Mexico, and 
the United States. His research has been sup-
ported by the National Institutes of Health, 
Centers for Disease Control and Prevention, 
U.S. Environmental Protection Agency, and 
Gates Foundation. He teaches courses each year 
at UC Berkeley on epidemiologic methods, the 
design of randomized controlled trials, and 
impact evaluation for health professionals.
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EPA’s Development of Recreational Water 
Quality Criteria for Coliphage: Updates and 
Experts Coliphage Workshop Overview
Sharon Nappier, PhD
U.S. Environmental Protection Agency

Abstract

Recreational Water Quality Criteria 
(RWQC) are recommendations intended to be 
used by states in adopting water quality stan-
dards (WQSs) to protect the designated use of 
primary contact recreation. WQSs are then used 
to develop point source permits, to identify 
impaired waters, and for beach notifications.  
Historically, RWQC recommendations have 
been based on fecal indicator bacteria E. coli and 
enterococci. The U.S. Environmental Protection 
Agency (EPA) is now evaluating coliphage, a 
viral indicator, to help prevent viral associ-
ated illnesses. EPA recently held an experts 
workshop to engage a group of internationally 
recognized experts on the state of the science of 
coliphage and their usefulness as a viral indica-
tor for the protection of public health. Topics for 
discussion included the need for a viral indica-
tor, coliphage as a predictor of gastrointestinal 
illnesses, coliphage as an indicator of waste-
water treatment performance, male-specific 
vs. somatic coliphage, a systematic literature 
review of viral densities, and data gaps and 
future research. EPA will provide an overview 
of the recent Experts Coliphage Workshop and 
an update on the development of RWQC for 
coliphage.

Biosketch

Dr. Sharon Nappier specializes in environ-
mental microbiology and quantitative microbial 
risk assessment and has more than 13 years of 
national and international experience work-
ing on foodborne and waterborne diseases; 
microbial method development and evaluation; 
program and contract management; national 
water policy development; and science com-
munication. Dr. Nappier received her master’s 
degree from the University of North Carolina 
at Chapel Hill in environmental sciences and 
engineering and her PhD from the Johns 
Hopkins Bloomberg School of Public Health in 
environmental health engineering. She has been 
working at the U.S. Environmental Protection 
Agency for the past 6 years. Her major projects 
include chairing the 2012 Recreational Water 
Quality Criteria workgroup; leading efforts to 
develop recreational water quality criteria for 
coliphage; and assessing the microbial risks 
associated with direct potable reuse. Since 2011, 
Dr. Nappier also has served as a professorial 
lecturer at The George Washington University’s 
School of Public Health, teaching applied envi-
ronmental health microbiology. 
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Question & Answer Session

Question 1
Mark Sobsey: I’m glad to see the interest in viruses. I have a comment to Asja [Korajkic]. The EPA 
study involved three methods. There are other methods, why weren’t some of them included? MPN 
[most probable number] 1601 is easy to do and less expensive, but it takes longer because there are 
two steps. There is membrane filtration and an adsorption dilution method. If you took that method 
and stuck it in a dilution and waited, I think the dilution would be more successful. You could then do 
another assay. If you revisit, you should consider looking at this.

Answer 1
Asja Korajkic: Thanks for developing all those methods. When we looked between methods 
1601 and 1602, we wanted to take the standard methods. So, it added 1 day for 1601, which is 
why we didn’t use it. It was because of the logistics. All your points are great, and we have 
a system for alternative methods. This is to get the ball rolling. These aren’t the end-all-be-
all. I’d love to try to modify some other methods, especially to get results in a shorter time 
frame: 16 hours or so. All of these methods were initially developed for groundwater and 
we’re trying to get them suitable for surface water. Dilution might improve it, but we opted 
to go for simplified versions of the methods first.

Comment 1
Mark Sobsey: I think there is a future for reducing the time for results. There is an opportu-
nity for revisions of these methods.

Question 2
Dan Shapely: Regarding wastewater treatment, in New York there has been some analysis and push 
for new standards. Our plants, with holding time, can’t meet enterococcus standard but can meet E. 
coli standard. They require smaller holding tanks than other states require. Have there been any studies 
about holding times in wastewater treatment with coliphages or viral indicators?

Answer 2
Marirosa Molina: When we talked to WWTP [wastewater treatment plant] operators, they 
were very helpful and cooperative. It was interesting that Michigan City has a specific res-
ervoir for exposure to chlorine; it goes above the minimum of 15 minutes. That has some-
thing to do with it. We also found no coliphage at the plant that never exceeded their E. coli 
standard.

Answer 2 (follow-up)
Sharon Nappier: Free chlorine is different though, so it depends what they use for 
disinfection.

Question 3
Ali Boehm: For your low versus high risk, did you categorize sources? Why isn’t there a relationship 
with low-risk beaches?

Answer 3
Jack Colford: Yes, we did parse based on times of day. I don’t know about lack of relationship. 
Maybe there was not enough evidence yet.

Answer 3 (follow-up)
Steve Weisberg: Phages are not as abundant in the environment as fecal indicators. So, you see 
a lot more minimums in the study. That is one reason for low numbers in low-risk condi-
tions, there are lots of nondetects.
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Answer 3 (follow-up)
Sharon Nappier: All those samples were under 100 mL [milliliters]. Future studies for EPA 
will sample using 2 L [liters]. I recommend we include the larger volumes so there is a better 
chance of catching coliphage

Question 4
Phil Scanlan: I’m here to try to share what we did in New Jersey. Many states have told me they want 
to cut the amount of pollution at their beaches in half by 2020. In 2013, the average number of exceed-
ances was 10 to 12 percent of beaches. If we change to coliphage, how does that change exceedances? 
What will the exceedance be then?

Answer 4
Steve Weisberg: That is a fair question but it is complicated. It depends on the threshold.

Question 5
Linda Pechacek: When you discussed the results of your study, you said there were two possible fac-
tors: disinfection time and flow. And, one plant was operating near capacity and one was operating far 
below its permitted flow. Could there be a third factor, like tertiary treatment in Michigan City?

Answer 5
Marirosa Molina: Yes, there could be. They do have tertiary treatment as well. There are a 
number of factors affecting things.
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