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Pathogen biomarkers in wastewater, stool, and urine: an
informal literature survey

Key points

● 94% of pathogens had some scientific study reporting that the pathogen had been
detected in wastewater, stool, or urine.

● Gastrointestinal pathogens are the most studied in wastewater, but many other types
of pathogens have been detected in wastewater, including respiratory viruses like
SARS-CoV-2.

● Polymerase chain reaction (PCR) and metagenomic sequencing are the most
commonly-used methods for detecting pathogens in wastewater.

Background

Wastewater-based epidemiology (WBE) is the analysis of wastewater to monitor the
prevalence of pathogens and rates of chemical or pharmaceutical exposure. While WBE has
been used to monitor pathogen outbreaks (Jiménez-Rodríguez 2022, Kadadou 2022, Olesen
2021b) and opioid use (Been 2015, Blanco 2021), WBE entered mainstream public health
practice in the United States during the Covid-19 pandemic. Limited testing capacity and
uneven access to testing has made WBE an important complement to Covid-19 case counts
based on test results.

The success of WBE for Covid-19 has led to calls from governments, communities, and public
health experts to expand wastewater testing to pathogens beyond SARS-CoV-2 (Dutta 2021,
Schmidt 2020, Sun 2022). In a 2022 survey conducted by the Association of Public Health
Laboratories, 97% of public health laboratories reported that they planned to expand WBE
testing to influenza, norovirus, and antimicrobial resistance.

Pathogens with fecal-oral transmission routes are obvious targets for wastewater-based
monitoring, but many other pathogens are also feasible. SARS-CoV-2 is primarily a
respiratory pathogen, but infected people shed enough of the virus in their stool, urine, and
saliva that wastewater levels of the virus correlate with Covid-19 disease activity (Olesen
2021a, Wu 2022, Xiao 2022).

To help inform decisions about which pathogens to target for expanded WBE testing, we set
out to determine which human pathogens had previously been detected or quantified in
wastewater, stool, or urine.
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Review of the scientific literature

We iteratively generated a list of about 80 pathogens relevant to public health in the US,
including individual species, subspecies, or common groupings of pathogens (e.g., the four
common coronaviruses).

Types of pathogens included in the search

The search was not systematic or exhaustive. We evaluated only a convenience sample of
source publications that we found sufficient for an informal characterization of the existing
scientific literature on each pathogen. We devoted more effort to the pathogens on the list
with higher morbidity and mortality and those with better established monitoring systems and
infrastructure, because we expected they would be the best candidates for
wastewater-based monitoring. We furthermore focused our search on the studies that:

● Sample from community wastewater as opposed to industrial or agricultural
wastewater

● Include sampling of influent rather than effluent

● Include sampling of the influent liquid fraction rather than sludge or aerosols, as this
kind of sampling is the most common sampling methodology

● Use nucleotide-based methods (e.g., qPCR and metagenomics), as these methods are
the ones used for wastewater monitoring for SARS-CoV-2 and are the ones most
likely to be used in an expansion of WBE.

For each pathogen, we searched for publications using PubMed and the following search
terms: “pathogen_name” wastewater, “pathogen_name” stool, and
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“pathogen_name” urine. For example, for Streptococcus pneumoniae, we searched for
“Streptococcus pneumoniae” wastewater, “Streptococcus pneumoniae”
stool, etc. When a search term yielded too many hits for convenient manual examination,
additional terms were used to narrow results, including shed*, excret*, detect*, and
quant*. Because we expected that whole genome sequencing of wastewater might report
on multiple pathogens, we also search for papers using search terms wastewater
sequencing, wastewater metagenomics, and wastewater covid variant.

For each relevant publication, we noted whether the pathogen in question had been
detected in wastewater, stool, or urine, and whether the pathogen’s concentration had been
quantified. Study population, location, methods, and results were also manually extracted
from each relevant publication. To facilitate analysis, pathogens were grouped based on
disease type (e.g., respiratory, gastrointestinal, nosocomial).

Results

Almost all surveyed pathogens have previously been detected or quantified in
excreta or wastewater

In total, 612 publications supporting the detection of these pathogens in wastewater, stool, or
urine were identified (see Appendix). Evidence for detection in wastewater, stool, or urine
was found for 94% (76 of 80) of the pathogens in the search.

Summary of the search results, showing that 94% of pathogens had associated studies showing that
the pathogen can be detected in excreta (stool or urine) or in wastewater.
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More pathogens were detected in excreta (89%; 71 of 80) than in wastewater (72%; 58 of 80),
but more of the pathogens detected in wastewater were quantified (71%; 41 of 58) compared
to pathogens detected in excreta (41%; 29 of 71).

The actual number of pathogens that could be detected in wastewater is almost certainly
underestimated in our search. Because we limited our search to only 80 pathogens, the
number of pathogens that can be detected in wastewater is higher than the 76 we found
evidence for. In particular, we found that metagenomic studies of wastewated detected many
pathogens and pathogen strain variants that we did not actively include in our search.

Pathogen groups most studied in wastewater, stool, and urine

The largest group of pathogens with relevant wastewater, stool, or urine studies was the
gastrointestinal (GI) pathogens, consisting of 22 pathogens. Most GI pathogens were
detectable in wastewater and had been quantified in stool or urine. We found that a small
proportion of other pathogens had associated studies reporting that those pathogens were
detectable in wastewater, stool, or urine. For example, the hepatitis viruses (A and E) that are
fecal-oral transmitted have been well-studied in wastewater, stool, and urine, but we found
fewer scientific studies about the other hepatitis viruses (B, C, and D).

In general, most pathogens were better studied in stool or urine than in wastewater. In
particular, sexually transmitted infection (STI) pathogens and vector-borne pathogens were
most often detected in urine, rather than stool or wastewater. We expect that urine tests are
more common in part because a urine-based diagnostic test is easier to develop and
administer in a medical setting, compared to a stool-based test. For some pathogens,
especially STI pathogens, we also expect that there may be more significant shedding in
urine than in stool.

Our search identified many studies of antibiotic resistance genes (e.g., KPC, ESBLs, vanA) in
wastewater, but relatively few studies about STI pathogens and vector-borne pathogens. We
speculate that STI pathogens, which are typically transmitted directly from one human to
another, and some of which are obligate intracellular pathogens, may not survive well outside
the host and so may be more difficult to detect and quantify in wastewater.

Laboratory methods used to detect pathogens in wastewater

We focused our search towards studies using nucleotide-based methods like metagenomics
and PCR, but we identified studies using many different methods to detect pathogens in
stool, urine, and wastewater. PCR-based methods (e.g., qPCR, RT-PCR, ddPCR, RT-PCR) were
by far the most common, for both detection and quantification, in both excreta and
wastewater.
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Publications we identified in the search used different methods for detecting pathogens in excreta
(stool or urine) versus wastewater. PCR was commonly used to detect pathogens in both excreta and

wastewater, but shotgun metagenomics was almost exclusively used in wastewater studies.

Other common methods include shotgun metagenomics, 16S rRNA sequencing, enzyme
immunoassays, culturing and isolation, and microscopy. Culturing and isolation, enzyme
immunoassays, and microscopy were more often used with stool or urine, while
next-generation sequencing methods were more often used with wastewater. We speculate
that most assays for stool and urine are developed for use in a medical context, where
detection is often sufficient, quantification is less important, and sensitivity is critical.

Among wastewater studies, the most common methods were PCR-based methods, 16S rRNA
sequencing, shotgun metagenomics sequencing, and culture and isolation. We note that
PCR-based methods are convenient because they are relatively fast and cheap, can be used
for any type of pathogen (e.g., virus or bacteria), and do not require that the pathogen is
viable or infectious in order to be detected. By contrast, metagenomic sequencing is
relatively expensive, 16S rRNA studies can only detect bacteria, and culture-based methods
require a viable pathogen for detection.
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Conclusion: WBE will not be limited by the number of pathogens that can
be detected in wastewater

The selection of pathogens to include in wastewater-based monitoring should be based on
many factors, including public health burden, the actionability of wastewater data for each
pathogen, and the feasibility of detecting each pathogen in wastewater. Given that 94% of
studied pathogens had some report of detection in wastewater, stool, or urine, we expect
that detectability in wastewater is the rule rather than the exception. Thus, sensitivity,
quantifiability, and actionability, rather than detectability, are more likely to be the limiting
factors  in expanding WBE applications.

This informal literature review has many limitations. First, it was not exhaustive or systematic,
and we expect that a significant body of literature was not included in our results. For
example, we did not include the keyword “environmental surveillance,” which has been used
in association with wastewater monitoring of poliovirus, in our search terms.

Second, our search focused on studies of influent to wastewater treatment plants because
we expected that this type of sampling has the most immediate applications to monitoring
the prevalence of pathogen carriage or infection in humans. However, we incidentally
identified many studies of pathogens in agricultural wastewater, industrial wastewater,
wastewater treatment plant effluent, and natural water systems, and monitoring of these
other waster systems has important public health applications.

Finally, we note that, during our search, we identified some potential historical trends in
wastewater monitoring that could be investigated more deeply. For example, we noticed that
the development of a new assay was followed by a bloom of publications using that
technique to study pathogens in wastewater. Thus, the relative numbers of publications using
different methods, such as enzyme immunoassays, PCR, and next generation sequencing,
may be more of a reflection of their waxing and waning novelty rather than their suitability for
wastewater-based monitoring.

The acceleration of WBE has been a silver lining of the Covid-19 pandemic. WBE has the
potential to monitor many types of pathogens, bacterial or viral, respiratory or
gastrointestinal. We hope that expanded applications of WBE will improve human health and
aid early detections of future epidemics.
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Paper Pathogen
Pathogen 
group

Pathogen 
type

Detected in 
excreta

Quantified in 
excreta

Detected in 
wastewater

Quantified in 
wastewater

Xie 2020 SARS-CoV-2 Respiratory Virus  +
Tang 2020 SARS-CoV-2 Respiratory Virus  +
Zhang 2020 SARS-CoV-2 Respiratory Virus  +
Ling 2020 SARS-CoV-2 Respiratory Virus  +
Holshue 2020 SARS-CoV-2 Respiratory Virus  +
Xiao 2020 SARS-CoV-2 Respiratory Virus  +
Wang 2020 SARS-CoV-2 Respiratory Virus  +
Wurtzer 2020 SARS-CoV-2 Respiratory Virus  +  +
Medema 2020 SARS-CoV-2 Respiratory Virus  +
Zheng 2020 SARS-CoV-2 Respiratory Virus  +
Hua 2020 SARS-CoV-2 Respiratory Virus  +
Guerrero-Latore 2020 SARS-CoV-2 Respiratory Virus  +  +
Shi 2020 SARS-CoV-2 Respiratory Virus  +
Yong 2020a SARS-CoV-2 Respiratory Virus  +
Yong 2020b SARS-CoV-2 Respiratory Virus  +
Wu 2020 SARS-CoV-2 Respiratory Virus  +  +
Wu 2020b SARS-CoV-2 Respiratory Virus  +  +
Wolfel 2020 SARS-CoV-2 Respiratory Virus  +  +
Wu 2020a SARS-CoV-2 Respiratory Virus  +
Ahmed 2020 SARS-CoV-2 Respiratory Virus  +  +
Randazzo 2020 SARS-CoV-2 Respiratory Virus  +  +
Kitajima 2020 SARS-CoV-2 Respiratory Virus  +  +
Nemudryi 2020 SARS-CoV-2 Respiratory Virus  +  +
Zhang 2020a SARS-CoV-2 Respiratory Virus  +
Saguti 2021 SARS-CoV-2 Respiratory Virus  +  +
Godini 2021 SARS-CoV-2 Respiratory Virus  +  +
Wannigama 2021 SARS-CoV-2 Respiratory Virus  +  +
Dergham 2021 SARS-CoV-2 Respiratory Virus  +
Albert 2021 SARS-CoV-2 Respiratory Virus  +  +
Kuhn 2021 SARS-CoV-2 Respiratory Virus  +  +
Collivignarelli 2021 SARS-CoV-2 Respiratory Virus  +  +  +  +
Roshandel 2021 SARS-CoV-2 Respiratory Virus  +
Baj 2020 SARS-CoV-2 Respiratory Virus  +
deOliveira 2021 SARS-CoV-2 Respiratory Virus  +
Rothman 2021 SARS-CoV-2 Respiratory Virus  +  +
Rothman 2021 Influenza Respiratory Virus  +
Park 2009 Influenza Respiratory Virus  +  +
Heijnen 2011 Influenza Respiratory Virus  +  +
Brisebois 2018 Influenza Respiratory Virus  -
Chan 2009 Influenza Respiratory Virus  +
Park 2009 RSV Respiratory Virus
Linstow 2006 RSV Respiratory Virus  +
Hughes 2022 RSV  Respiratory Virus  +  +
El-Senousy 2021 RSV Respiratory Virus  -
Linstow 2006 HMPV Respiratory Virus  +
Fontenele 2021 SARS-Cov-2 variants Respiratory Virus  +
Crits-Cristoff 2021 SARS-Cov-2 variants Respiratory Virus  +
Baaijens 2021 SARS-Cov-2 variants Respiratory Virus  +  +
Carcereny 2021 SARS-Cov-2 variants Respiratory Virus  +  +
Vo 2022 SARS-Cov-2 variants Respiratory Virus  +  +
Ai 2021 SARS-Cov-2 variants Respiratory Virus  +  +
Dharmadhikari 2022 SARS-Cov-2 variants Respiratory Virus  +
Gregory 2021 SARS-Cov-2 variants Respiratory Virus  +
Lin 2021 SARS-Cov-2 variants Respiratory Virus  +  +
Rios 2021 SARS-Cov-2 variants Respiratory Virus  +  +
Izquierdo-Lara 2020 SARS-Cov-2 variants Respiratory Virus  +
Hillary 2021 SARS-Cov-2 variants Respiratory Virus  +  +
Swift 2021 SARS-Cov-2 variants Respiratory Virus  +
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excreta

Quantified in 
excreta
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wastewater

Quantified in 
wastewater

Avgeris 2021 SARS-Cov-2 variants Respiratory Virus  +
Wurtz 2021 SARS-Cov-2 variants Respiratory Virus  +
LaRosa 2021 SARS-Cov-2 variants Respiratory Virus  +  +
Mondal 2021 SARS-Cov-2 variants Respiratory Virus  +  +
Rouchka 2021 SARS-Cov-2 variants Respiratory Virus  +  +
Agrawal 2021 SARS-Cov-2 variants Respiratory Virus  +
Bar-Or 2021 SARS-Cov-2 variants Respiratory Virus  +
Bi 2021 SARS-Cov-2 variants Respiratory Virus  +
Martin 2020 SARS-Cov-2 variants Respiratory Virus  +  +
Faden 2002 Streptococcus pneumoniae Respiratory Bacteria  +
Andreo 2008 Streptococcus pneumoniae Respiratory Bacteria  +
Slupsky 2009 Streptococcus pneumoniae Respiratory Bacteria  +
Vancikova 2013 Streptococcus pneumoniae Respiratory Bacteria  +
Bhatia 2017 Streptococcus pneumoniae Respiratory Bacteria ?
Limayem 2019 Streptococcus pneumoniae Respiratory Bacteria ?
Drigo 2021 Streptococcus pneumoniae Respiratory Bacteria ?  +
Park 2009 Influenza A Respiratory Virus  +
Heijnen 2011 Influenza A Respiratory Virus  +  +
Brisebois 2018 Influenza A Respiratory Virus  -
Rothman 2021 Influenza A Respiratory Virus  +
Chan 2009 Influenza A Respiratory Virus  +  +
Brisebois 2018 Influenza B Respiratory Virus  -
Brisebois 2018 Rhinovirus Respiratory Virus  -
Bibby 2014 Rhinovirus Respiratory Virus  +
Brinkman 2017 Rhinovirus Respiratory Virus  +
Belhaouari 2021 Rhinovirus Respiratory Virus  +
Rothman 2021 Common coronaviruses Respiratory Virus  +
Bibby 2014 Common coronaviruses Respiratory Virus  +
El-Senousy 2021 Common coronaviruses Respiratory Virus  -
Schnagl 1978 Common coronaviruses Respiratory Virus  +
Gerna 1984 Common coronaviruses Respiratory Virus  +
Kern 1985 Common coronaviruses Respiratory Virus  +
Simhon 1985 Common coronaviruses Respiratory Virus  +
Leechanachai 1989 Common coronaviruses Respiratory Virus  +
Belhaouari 2021 Common coronaviruses Respiratory Virus  -
Brisebois 2018 Adenovirus (unspecified) Other Virus  +
Rothman 2021 Adenovirus (unspecified) Other Virus  +
Belhaouari 2021 Adenovirus (unspecified) Other Virus  +
Simhon 1985 Adenovirus (unspecified) Other Virus  +
Santos 2017 Adenovirus (unspecified) Other Virus  +
O'Brien 2017 Adenovirus (unspecified) Other Virus  +
Ryu 2021 Adenovirus (unspecified) Other Virus  +  +
McCall 2020 Adenovirus (unspecified) Other Virus  +  +
Wang 2020 Adenovirus (unspecified) Other Virus  +  +
Morillo 2010 Adenovirus (unspecified) Other Virus  +
Kouri 2014 Adenovirus (unspecified) Other Virus  +  +
Steele 1987 Adenovirus (unspecified) Other Virus  +
Kang 2001 Adenovirus (unspecified) Other Virus  +
Kauppinen 2019 Adenovirus (unspecified) Other Virus  +
El-Senousy 2021 Adenovirus (respiratory) Respiratory Virus  +
Masclaux 2014 Adenovirus (respiratory) Respiratory Virus  +  +
Bibby 2014 Adenovirus (respiratory) Respiratory Virus  +
Osuolale 2015 Adenovirus (respiratory) Respiratory Virus  +  +
Kroes 2007 Adenovirus (respiratory) Respiratory Virus  +
Vetter 2015 Adenovirus (respiratory) Respiratory Virus  +  +
Fong 2010 Adenovirus (respiratory) Respiratory Virus  +  +
Miyamura 1989 Adenovirus (respiratory) Respiratory Virus  +
Hanaoka 2019 Adenovirus (respiratory) Respiratory Virus  +  +
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Pathogen 
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Pathogen 
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excreta

Quantified in 
excreta

Detected in 
wastewater

Quantified in 
wastewater

El-Senousy 2021 Adenovirus (F40/41) GI Virus  +
Masclaux 2014 Adenovirus (F40/41) GI Virus  +  +
Bibby 2014 Adenovirus (F40/41) GI Virus  +
Qiu 2015 Adenovirus (F40/41) GI Virus  +  +
Osuolale 2015 Adenovirus (F40/41) GI Virus  +  +
Uhrbrand 2011 Adenovirus (F40/41) GI Virus  +  +
Reither 2007 Adenovirus (F40/41) GI Virus  +
Magalhaes 2007 Adenovirus (F40/41) GI Virus  +
Fong 2010 Adenovirus (F40/41) GI Virus  +  +
Liu 2013 Adenovirus (F40/41) GI Virus  +
Bhan 1988 Adenovirus (F40/41) GI Virus  +
Kim 1990 Adenovirus (F40/41) GI Virus  +
Van 1992 Adenovirus (F40/41) GI Virus  +
El-Senousy 2021 HPIV Respiratory Virus  -
Chan 2009 Campylobacter GI Bacteria  +
Steltzer 1998 Campylobacter GI Bacteria  +  +
Jacob 1990 Campylobacter GI Bacteria  +
Jacon 1992 Campylobacter GI Bacteria  +
Waage 1999 Campylobacter GI Bacteria  +
Stampi 1999 Campylobacter GI Bacteria  +  +
Moreno 2003 Campylobacter GI Bacteria  +
Wery 2008 Campylobacter GI Bacteria  +  +
Khan 2013 Campylobacter GI Bacteria  +
Ugarte-Ruiz 2015 Campylobacter GI Bacteria  +
Sheludchenko 2016 Campylobacter GI Bacteria  +  +
Bonetta 2016 Campylobacter GI Bacteria  +
Banting 2016 Campylobacter GI Bacteria  +  +
Park 2016 Campylobacter GI Bacteria  -
Boehm 2018 Campylobacter GI Bacteria  +  +
Richardson 1983 Campylobacter GI Bacteria  +
Melamed 1983 Campylobacter GI Bacteria  +
Figura 1985 Campylobacter GI Bacteria  +
Salazar-Lindo 1986 Campylobacter GI Bacteria  +
Mawer 1988 Campylobacter GI Bacteria  -
Albert 1992 Campylobacter GI Bacteria  +
Arthur 1992 Campylobacter GI Bacteria  +
Tribble 2010 Campylobacter GI Bacteria  +
Roy 1992 Campylobacter GI Bacteria  +
Cruz 1995 Campylobacter GI Bacteria  +
Kang 2001 Campylobacter GI Bacteria  +
Hien 2007 Campylobacter GI Bacteria  +
Kauppinen 2019 Campylobacter GI Bacteria  -  -
Zheng 2020 Campylobacter GI Bacteria  +
Chan 2009 Salmonella GI Bacteria  +
Wery 2008 Salmonella GI Bacteria  +  +
Levantesi 2010 Salmonella GI Bacteria  -
Sheludchenko 2016 Salmonella GI Bacteria  +  +
Bonetta 2016 Salmonella GI Bacteria  +
Boehm 2018 Salmonella GI Bacteria  +  +
Melamed 1983 Salmonella GI Bacteria  +
Figura 1985 Salmonella GI Bacteria  +
Arthur 1992 Salmonella GI Bacteria  +
Pitkajarvi 1996 Salmonella GI Bacteria  +
Balfour 1999 Salmonella GI Bacteria  +
Murase 2000 Salmonella GI Bacteria  +
Raza 2011 Salmonella GI Bacteria  +
Wuthe 1992 Salmonella GI Bacteria  +
Chaicumpa 1992 Salmonella GI Bacteria  +
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Pathogen 
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excreta
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wastewater
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Yan 2018 Salmonella GI Bacteria  +  +
Kinde 1997 Salmonella GI Bacteria  +
Berge 2006 Salmonella GI Bacteria  +
Schoub 1977 Salmonella GI Bacteria  +
Echeverria 1986 Salmonella GI Bacteria  +
Kang 2001 Salmonella GI Bacteria  -
Dadi 2021 Salmonella GI Bacteria  +
Al-Quraan 2020 Salmonella GI Bacteria  +
Janahi 2020 Salmonella GI Bacteria  +  +
Ekwanzala 2020 Salmonella GI Bacteria  +
Andleeb 2018 Salmonella GI Bacteria  +
Mecha 2017 Salmonella GI Bacteria  +  +
Nkansah 2016 Salmonella GI Bacteria  -
Shingare 2017 Salmonella GI Bacteria  +  +
Teklehaimanot 2015 Salmonella GI Bacteria  +  +
Zhou 2014 Salmonella GI Bacteria  +  +
Teklehaimanot 2014 Salmonella GI Bacteria  +
Hien 2007 Salmonella GI Bacteria  +
Savichtcheva 2007 Salmonella GI Bacteria  +
Kauppinen 2019 Salmonella GI Bacteria  -  -
Melamed 1983 Shigella GI Bacteria  +
Arthur 1992 Shigella GI Bacteria  +
Pisarchik 1974 Shigella GI Bacteria  +
Levine 1975 Shigella GI Bacteria  +  +
Schoub 1977 Shigella GI Bacteria  +
Kabir 1984 Shigella GI Bacteria  +
Echeverria 1986 Shigella GI Bacteria  +
Erkinbekova 1992 Shigella GI Bacteria  +
Roy 1992 Shigella GI Bacteria  +
Munoz 1995 Shigella GI Bacteria  +
Vihn 2000 Shigella GI Bacteria  +
Kang 2001 Shigella GI Bacteria  +
Hamilton-West 2007 Shigella GI Bacteria  +
Dadi 2021 Shigella GI Bacteria  +
Al-Quraan 2020 Shigella GI Bacteria  +
Janahi 2020 Shigella GI Bacteria  +  +
Zheng 2020 Shigella GI Bacteria  +
Ekwanzala 2020 Shigella GI Bacteria  +
Andleeb 2018 Shigella GI Bacteria  +
Parvez 2017 Shigella GI Bacteria  +
Lamba 2017 Shigella GI Bacteria  +
Mecha 2017 Shigella GI Bacteria  +  +
Nkansah 2016 Shigella GI Bacteria  -
Shingare 2017 Shigella GI Bacteria  +  +
Yang 2016 Shigella GI Bacteria  +  +
Teklehaimanot 2015 Shigella GI Bacteria  +  +
Zhou 2014 Shigella GI Bacteria  +  +
Teklehaimanot 2014 Shigella GI Bacteria  +
Xia 2013 Shigella GI Bacteria  +
Hien 2007 Shigella GI Bacteria  +
Savichtcheva 2007 Shigella GI Bacteria  +
Bonetta 2016 STEC GI Bacteria  -
Boehm 2018 STEC GI Bacteria  +  +
Arthur 1992 STEC GI Bacteria  +
Kang 2001 STEC GI Bacteria  +
Garcia-Aljaro 2005 STEC GI Bacteria  +
Savichtcheva 2007 STEC GI Bacteria  +
Harries 2016 STEC GI Bacteria  +
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Martinez-Castillo 2013 STEC GI Bacteria  +  +
Vonberg 2013 STEC GI Bacteria  +
Busch 2007 STEC GI Bacteria  +
Bolukaoto 2019 STEC GI Bacteria  +  +
Haymaker 2019 STEC GI Bacteria  +
Zhu 2019 STEC GI Bacteria  -
Divya 2019 STEC GI Bacteria  +
Bibbal 2018 STEC GI Bacteria  +
Bonetta 2016 STEC GI Bacteria  +
Franz 2015 STEC GI Bacteria  -
Ahmed 2015 STEC GI Bacteria  -  -
Ayaz 2014 STEC GI Bacteria  +
Yang 2014 STEC GI Bacteria  +  +
Martinez-Castillo 2012 STEC GI Bacteria  +
Lieneman 2010 STEC GI Bacteria  +  +
Heijnen 2006 STEC GI Bacteria  +  +
Loukiadis 2006 STEC GI Bacteria  +
Vernozy-Rozand 2002 STEC GI Bacteria  +
Ibekwe 2002 STEC GI Bacteria  +  +
Um 2016 STEC GI Bacteria  +
Chern 2004 STEC GI Bacteria  +  +
Karch 1995 STEC GI Bacteria  +
Diallo 2013 STEC GI Bacteria  +
O'Donnell 2002 VTEC GI Bacteria  +
Clark 1997 VTEC GI Bacteria  +
Chapman 1997 VTEC GI Bacteria  +
Vernozy-Rozand 2002 VTEC GI Bacteria  +
Figura 1985 EPEC GI Bacteria  +
Roy 1992 EPEC GI Bacteria  +
Kang 2001 EPEC GI Bacteria  +
Hien 2007 EPEC GI Bacteria  +
Haymaker 2019 EPEC GI Bacteria  +
Bibbal 2018 EPEC GI Bacteria  +
Franz 2015 EPEC GI Bacteria  +
Ahmed 2015 EPEC GI Bacteria  +  +  +
Ayaz 2014 EPEC GI Bacteria  +
Yang 2014 EPEC GI Bacteria  +  +
Lieneman 2010 EPEC GI Bacteria  +  +
Loukiadis 2006 EPEC GI Bacteria  +
Vernozy-Rozand 2002 EPEC GI Bacteria  +
Ibekwe 2002 EPEC GI Bacteria  +  +
Moreira 1997 EPEC GI Bacteria  +
Withrington 1981 EPEC GI Bacteria  +
Speranskii 1977 EPEC GI Bacteria  +
Adegoke 2020 EPEC GI Bacteria  -
Kauppinen 2019 EPEC GI Bacteria  +  +
Igwaran 2018 EPEC GI Bacteria  -
Poma 2016 EPEC GI Bacteria  +
Adefisoye 2016 EPEC GI Bacteria  +
Huang 2011 EPEC GI Bacteria  +
Al-Jabouri 1985 EPEC GI Bacteria  +
Abshire 1976 EPEC GI Bacteria  +
Gustafson 1969 EPEC GI Bacteria  +
Figura 1985 EAEC GI Bacteria  +
Arthur 1992 EAEC GI Bacteria  +
Franz 2015 EAEC GI Bacteria  +
Lieneman 2010 EAEC GI Bacteria  +
Adegoke 2020 EAEC GI Bacteria  +
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Kauppinen 2019 EAEC GI Bacteria  +
Igwaran 2018 EAEC GI Bacteria  -
Poma 2016 EAEC GI Bacteria  +
Adefisoye 2016 EAEC GI Bacteria  +
Huang 2011 EAEC GI Bacteria  +
Chan 1994 EAEC GI Bacteria  +
Kang 2001 EAEC GI Bacteria  +
Hien 2007 EAEC GI Bacteria  +
Huang 2006 EAEC GI Bacteria  +
Figura 1985 EIEC GI Bacteria  +
Arthur 1992 EIEC GI Bacteria  +
Hien 2007 EIEC GI Bacteria  +
Franz 2015 EIEC GI Bacteria  +
Lieneman 2010 EIEC GI Bacteria  +  +
Poma 2016 EIEC GI Bacteria  +
Huang 2011 EIEC GI Bacteria  +
Arthur 1992 ETEC GI Bacteria  +
Bovee-Oudenhoven 2003 ETEC GI Bacteria  +  +
Schoub 1977 ETEC GI Bacteria  +
Rowe 1978 ETEC GI Bacteria  +
Echeverria 1986 ETEC GI Bacteria  +
Roy 1992 ETEC GI Bacteria  +
Kang 2001 ETEC GI Bacteria  +
Hien 2007 ETEC GI Bacteria  +
Savichtcheva 2007 ETEC GI Bacteria  +
Franz 2015 ETEC GI Bacteria  +
Lieneman 2010 ETEC GI Bacteria  +  +
Chern 2004 ETEC GI Bacteria  +  +
Finkelstein 1976 ETEC GI Bacteria  +
Adegoke 2020 ETEC GI Bacteria  +
Kauppinen 2019 ETEC GI Bacteria  +
Igwaran 2018 ETEC GI Bacteria  -
Poma 2016 ETEC GI Bacteria  +
Adefisoye 2016 ETEC GI Bacteria  +
Huang 2011 ETEC GI Bacteria  -
Savichtcheva 2007 EHEC GI Bacteria  +
Busch 2007 EHEC GI Bacteria  +
Izumi 1998 EHEC GI Bacteria  +
Bolukaoto 2019 EHEC GI Bacteria  +  +
Haymaker 2019 EHEC GI Bacteria  +
Bibbal 2018 EHEC GI Bacteria  +
Lieneman 2010 EHEC GI Bacteria  +  +
Chern 2004 EHEC GI Bacteria  +  +
Kauppinen 2019 EHEC GI Bacteria  +
Igwaran 2018 EHEC GI Bacteria  -
Huang 2011 EHEC GI Bacteria  +
Karch 1995 EHEC GI Bacteria  +
Mellmann 2005 EHEC GI Bacteria  +
Divya 2019 ExPEC Other Bacteria  +
Franz 2015 ExPEC Other Bacteria  +
Adefisoye 2016 ExPEC Other Bacteria  +
Diallo 2013 ExPEC Other Bacteria  +
Gomi 2017 ExPEC Other Bacteria  +
Tanaka 2019 ExPEC Other Bacteria  +
Zhi 2020 ExPEC Other Bacteria  +
Ledbetter 1973 Klebsiella pneumoniae GI Bacteria  +
Drigo 2021 Klebsiella pneumoniae GI Bacteria  +  +
Figura 1985 Klebsiella pneumoniae GI Bacteria  +
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Schoub 1977 Klebsiella pneumoniae GI Bacteria  +
Dadi 2021 Klebsiella pneumoniae GI Bacteria  +
Zheng 2020 Klebsiella pneumoniae GI Bacteria  +
Lamba 2017 Klebsiella pneumoniae GI Bacteria  +
Yang 2016 Klebsiella pneumoniae GI Bacteria  +  +
Xia 2013 Klebsiella pneumoniae GI Bacteria  +
Park 2013 Klebsiella pneumoniae GI Bacteria  +
Shannon 2007 Klebsiella pneumoniae GI Bacteria  +  +
Suzuki 2020 Klebsiella pneumoniae GI Bacteria  +
Ebomah 2020 Klebsiella pneumoniae GI Bacteria  +
Rolbiecki 2021 Klebsiella pneumoniae GI Bacteria  +
Wery 2008 Clostridium perfringens GI Bacteria  +  +
Bonetta 2016 Clostridium perfringens GI Bacteria  +  +
Park 2016 Clostridium perfringens GI Bacteria  +  +
Teklehaimanot 2014 Clostridium perfringens GI Bacteria  +  +
Kauppinen 2019 Clostridium perfringens GI Bacteria  +  +  +
Shannon 2007 Clostridium perfringens GI Bacteria  +  +
Yanagimoto 2020 Clostridium perfringens GI Bacteria  +  +
Yanagimoto 2021 Clostridium perfringens GI Bacteria  +
Borriello 1984 Clostridium perfringens GI Bacteria  +  +
Saito 1991 Clostridium perfringens GI Bacteria  +  +
Gionchetti 1999 Clostridium perfringens GI Bacteria  +  +
Vitek 2000 Clostridium perfringens GI Bacteria  +
Mueller 2021 Clostridium perfringens GI Bacteria  +
Vijayavel 2014 Clostridium perfringens GI Bacteria  +  +
Ajonina 2015 Clostridium perfringens GI Bacteria  +  +
Mayer 2016 Clostridium perfringens GI Bacteria  +  +
Cyprowski 2018 Clostridium perfringens GI Bacteria  +
Medeiros 2019 Clostridium perfringens GI Bacteria  +  +
Chan 2009 Vibrio GI Bacteria  +
Arthur 1992 Vibrio GI Bacteria  +
Roy 1992 Vibrio GI Bacteria  +
Kang 2001 Vibrio GI Bacteria  -
Ekwanzala 2020 Vibrio GI Bacteria  +
Mecha 2017 Vibrio GI Bacteria  +  +
Teklehaimanot 2015 Vibrio GI Bacteria  +  +
Teklehaimanot 2014 Vibrio GI Bacteria  +
Savichtcheva 2007 Vibrio GI Bacteria  +
Levine 2012 Vibrio GI Bacteria  +
Khouadja 2014 Vibrio GI Bacteria  +
Nongogo 2014 Vibrio GI Bacteria  +  +
Zohra 2021 Vibrio GI Bacteria  +
Jones 1981 Brucella Food borne Bacteria  -
Stiborova 2015 Brucella Food borne Bacteria  +
Du 2017 Brucella Food borne Bacteria  +
Li 2021 Brucella Food borne Bacteria  +
Drigo 2021 Listeria Food borne Bacteria  +  +
Shannon 2007 Listeria Food borne Bacteria  +  +
Ortel 1971 Listeria Food borne Bacteria  +
Ortel 1975 Listeria Food borne Bacteria  +
Ortel 1975a Listeria Food borne Bacteria  +
Nathaniel 2019 Listeria Food borne Bacteria  +
Taherkhani 2018 Listeria Food borne Bacteria  +  +
Moreno 2011 Listeria Food borne Bacteria  +
Geuenich 1984 Listeria Food borne Bacteria  +  +
Rothman 2021 Norovirus unspecified GI Virus  +
Chan 2009 Norovirus unspecified GI Virus  +
Reither 2007 Norovirus unspecified GI Virus  +
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Vetter 2015 Norovirus unspecified GI Virus  -
McCall 2020 Norovirus unspecified GI Virus  +  +
Wang 2020 Norovirus unspecified GI Virus  +  +
Boehm 2018 Norovirus unspecified GI Virus  +  +
Zhou 2014 Norovirus unspecified GI Virus  +  +
Kauppinen 2019 Norovirus unspecified GI Virus  +  +
Park 2009 Norovirus GI GI Virus  -
Brisebois 2018 Norovirus GI GI Virus  -
Uhrbrand 2011 Norovirus GI GI Virus  +  +
Pouillot 2015 Norovirus GI GI Virus  +  +
Kauppinen 2019 Norovirus GI GI Virus  +  +  +
Phattanawiboon 2020 Norovirus GI GI Virus  +
Partridge 2012 Norovirus GI GI Virus  +
Park 2009 Norovirus GII GI Virus  -
Brisebois 2018 Norovirus GII GI Virus  -
Masclaux 2014 Norovirus GII GI Virus  +
Uhrbrand 2011 Norovirus GII GI Virus  +  +
Bibby 2014 Norovirus GII GI Virus  +
Qiu 2015 Norovirus GII GI Virus  +  +
Pouillot 2015 Norovirus GII GI Virus  +
Kauppinen 2019 Norovirus GII GI Virus  +  +
Utsumi 2017 Norovirus GII GI Virus  +
Phattanawiboon 2020 Norovirus GII GI Virus  +
Lai 2013 Norovirus GII GI Virus  +  +
Partridge 2012 Norovirus GII GI Virus  +
Brinkman 2017 Enterovirus GI Virus  +  +
Belhaouari 2021 Enterovirus GI Virus  +
Wang 2020 Enterovirus GI Virus  +  +
Janahi 2020 Enterovirus GI Virus  +
Zhou 2014 Enterovirus GI Virus  +  +
Berthoux 1980 Enterovirus GI Virus  +
Gaudin 1979 Enterovirus GI Virus  +
Lizasoain 2021 Enterovirus GI Virus  +
Wu 2017 Enterovirus GI Virus  +
Li 2013 Enterovirus GI Virus  +
Driss 2012 Enterovirus GI Virus  +
Kiulia_2021 Enterovirus GI Virus  +  +
Zheng 1991 Rotavirus GI Virus  +
Brisebois 2018 Rotavirus GI Virus  +  +
Nikovskaia 1989 Rotavirus GI Virus  +
Chan 2009 Rotavirus GI Virus  +
Bibby 2014 Rotavirus GI Virus  +
Qiu 2015 Rotavirus GI Virus  +  +
Simhon 1985 Rotavirus GI Virus  +
Reither 2007 Rotavirus GI Virus  +
Magalhaes 2007 Rotavirus GI Virus  +
Morillo 2010 Rotavirus GI Virus  +
Vetter 2015 Rotavirus GI Virus  -
Wang 2020 Rotavirus GI Virus  +  +
Steele 1987 Rotavirus GI Virus  +
Bhan 1988 Rotavirus GI Virus  +
Kim 1990 Rotavirus GI Virus  +
Figura 1985 Rotavirus GI Virus  +
Arthur 1992 Rotavirus GI Virus  +
Schoub 1977 Rotavirus GI Virus  +
Echeverria 1986 Rotavirus GI Virus  +
Roy 1992 Rotavirus GI Virus  +
Kang 2001 Rotavirus GI Virus  +
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Janahi 2020 Rotavirus GI Virus  +
Zhou 2014 Rotavirus GI Virus  +  +
Hien 2007 Rotavirus GI Virus  +
Kauppinen 2019 Rotavirus GI Virus  +  -
Victoria 2014 Rotavirus GI Virus  +  +
Zhou 2016 Rotavirus GI Virus  +  +
Hoque 2019 Rotavirus GI Virus  +  +
Silva-Sales 2020 Rotavirus GI Virus  +  +
Kiulia_2021 Rotavirus GI Virus  +  +
Bibby 2014 Astrovirus GI Virus  +
Qiu 2015 Astrovirus GI Virus  +  +
Wang 2020 Astrovirus GI Virus  +  +
Janahi 2020 Astrovirus GI Virus  +
Kauppinen 2019 Astrovirus GI Virus  +  -
Barbosa 2020 Astrovirus GI Virus  +  +
Caballero 2003 Astrovirus GI Virus  +  +
Liste 2000 Astrovirus GI Virus  +
Unicomb 1998 Astrovirus GI Virus  +
Michell 1995 Astrovirus GI Virus  +
Saadoun 2021 Astrovirus GI Virus  +
Lin 2021 Astrovirus GI Virus  +
McCall 2021 Astrovirus GI Virus  +
Yang 2021 Astrovirus GI Virus  +
McCall 2020 Astrovirus GI Virus  +
Strubbia 2019 Astrovirus GI Virus  -  +
Randazzo 2019 Astrovirus GI Virus  +  +
Thongprachum 2018 Astrovirus GI Virus  +
Lizasoain 2018 Astrovirus GI Virus  +  +
Prevost 2015 Astrovirus GI Virus  +  +
Aw 2010 Astrovirus GI Virus  +  +
Bibby 2014 Sapovirus GI Virus  +  +
Qiu 2015 Sapovirus GI Virus  +  +
McCall 2020 Sapovirus GI Virus  +  +
Wang 2020 Sapovirus GI Virus  +  +
Kauppinen 2019 Sapovirus GI Virus  +  +  +
Strubbia 2019 Sapovirus GI Virus  -  +
Thongprachum 2018 Sapovirus GI Virus  +
Song 2021 Sapovirus GI Virus  +
Lemes 2014 Sapovirus GI Virus  -
deOliviera 2014 Sapovirus GI Virus  +
Iwakiri 2009 Sapovirus GI Virus  +  +
Kaas 2015 Sapovirus GI Virus  +  +
Fioretti 2016 Sapovirus GI Virus  +  +  +  +
Varela 2018 Sapovirus GI Virus  +  +
Kitajima 2018 Sapovirus GI Virus  +
Farkas 2018 Sapovirus GI Virus  +  +
Haramoto 2008 Sapovirus GI Virus  +  +
Steyer 2015 Sapovirus GI Virus  +
Khoo 1998 Chlamydia STI Bacteria  -
Moller 1999 Chlamydia STI Bacteria  +
Rehman 2019 Chlamydia STI Bacteria ?
Tian 2016 Chlamydia STI Bacteria ?
Figueroa-Gonzales 2016 Chlamydia STI Bacteria ?
Collingro 2005 Chlamydia STI Bacteria ?
Horn 2001 Chlamydia STI Bacteria ?
Snaidr 1997 Chlamydia STI Bacteria ?
Solomon 2013 Chlamydia STI Bacteria ?
Kamarashev 2010 Chlamydia STI Bacteria ?
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Neri 2020 Chlamydia STI Bacteria ?
DePuysseleyer 2014 Chlamydia STI Bacteria  +
Worm 1987 Chlamydia STI Bacteria  +
Cevenini 1982 Chlamydia STI Bacteria  -
Aboud 2021 Chlamydia STI Bacteria ?
Wijers 2021 Chlamydia STI Bacteria ?
Pereyre 2021 Chlamydia STI Bacteria ?
Du 2021 Chlamydia STI Bacteria  +
Tyker 2021 Chlamydia STI Bacteria  +
Venter 2019 Chlamydia STI Bacteria  +
Tayoun 2015 Chlamydia STI Bacteria  +
Kriesel 2016 Chlamydia STI Bacteria  +
Dirks 2015 Chlamydia STI Bacteria  +  +
Gomes 2006 Chlamydia STI Bacteria  +  +
Pereyre 2021 Trichomonas vaginalis STI Parasite  +
Tayoun 2015 Trichomonas vaginalis STI Parasite  +
Kriesel 2016 Trichomonas vaginalis STI Parasite  +
Brooke 1963 Trichomonas vaginalis STI Parasite  +
Gbakima 1994 Trichomonas vaginalis STI Parasite  +
Gil-Campesino 2021 Trichomonas vaginalis STI Parasite  +
Huh 2019 Trichomonas vaginalis STI Parasite  +
Rumyantseva 2015 Trichomonas vaginalis STI Parasite  +
Sviben 2015 Trichomonas vaginalis STI Parasite  +
Plecko 2014 Trichomonas vaginalis STI Parasite  +
Choe 2013 Trichomonas vaginalis STI Parasite  +
Lin 2021 Trichomonas vaginalis STI Parasite  +
Grad 2020 Trichomonas vaginalis STI Parasite  +
Xiu 2019 Trichomonas vaginalis STI Parasite ?
Aboud 2021 Neisseria gonorrhoeae STI Bacteria  +
Pereyre 2021 Neisseria gonorrhoeae STI Bacteria  +
Venter 2019 Neisseria gonorrhoeae STI Bacteria  +
Tayoun 2015 Neisseria gonorrhoeae STI Bacteria  +
Kriesel 2016 Neisseria gonorrhoeae STI Bacteria  +
Priest 2017 Neisseria gonorrhoeae STI Bacteria  +  +
Huh 2019 Neisseria gonorrhoeae STI Bacteria  +
Rumyantseva 2015 Neisseria gonorrhoeae STI Bacteria  +
Plecko 2014 Neisseria gonorrhoeae STI Bacteria  +
Lin 2021 Neisseria gonorrhoeae STI Bacteria  +
Grad 2020 Neisseria gonorrhoeae STI Bacteria  +
Xiu 2019 Neisseria gonorrhoeae STI Bacteria ?
Wang 2021 Neisseria gonorrhoeae STI Bacteria  +
Greay 2019 Neisseria gonorrhoeae STI Bacteria ?
Al-Jassim 2015 Neisseria gonorrhoeae STI Bacteria  +  +
Ng 2017 Neisseria gonorrhoeae STI Bacteria  +
Lebedeff 1980 Neisseria gonorrhoeae STI Bacteria ?
Munday 1981 Neisseria gonorrhoeae STI Bacteria  +
Hakansson 1984 Neisseria gonorrhoeae STI Bacteria ?
Barrientos-Duran 2020 Neisseria gonorrhoeae STI Bacteria  +
Kriesel 2016 Treponema pallidum STI Bacteria  +
Xiu 2019 Treponema pallidum STI Bacteria  +
Lu 2014 Treponema pallidum STI Bacteria ?
Nascimento 2018 Treponema pallidum STI Bacteria ?
Osbak 2018 Treponema pallidum STI Bacteria  +
vanRaemdonck 2018 Treponema pallidum STI Bacteria  +
Barrientos-Duran 2020 Treponema pallidum STI Bacteria  +
Cowley 2021 Treponema pallidum STI Bacteria  +
Rawre 2019 Treponema pallidum STI Bacteria  +
Gayet-Ageron 2009 Treponema pallidum STI Bacteria  +
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deLima 2014 Treponema pallidum STI Bacteria  +
DuBourg 2015 Treponema pallidum STI Bacteria  +
Rawre 2019 HIV STI Virus  +
Ansari 1992 HIV STI Virus  +
Preston 1991 HIV STI Virus  +
Palmer 1995 HIV STI Virus  -
Munnink_2014 HIV STI Virus  +
Yolken_1991 HIV STI Virus  +
Stadtler_2020 HIV STI Virus  +
Graham_2011 HIV STI Virus ?  +
Bibby 2014 HPV STI Virus  +
Omura 2016 HPV STI Virus  + ?
Hamza 2018 HPV STI Virus  +  +
LaRosa 2013 HPV STI Virus  +
DiBonito 2015 HPV STI Virus  +
Yu 2015 HPV STI Virus  +
Lowe 2012 HPV STI Virus ?
Sehgal 2009 HPV STI Virus  +
Agudelo-Hernandez 2017 EBV STI Virus  +
Chan 2008 EBV STI Virus  + ?
Rahbar 2016 EBV STI Virus  + ?
Khoo 1998 Mycoplasma genitalus STI Bacteria  +
Pereyre 2021 Mycoplasma genitalus STI Bacteria  +
Kriesel 2016 Mycoplasma genitalus STI Bacteria  +
LeRoux 2017 Mycoplasma genitalus STI Bacteria  +  +
Jensen 2004 Mycoplasma genitalus STI Bacteria  +  +
Gil-Campesino 2021 Mycoplasma genitalus STI Bacteria  +
Huh 2019 Mycoplasma genitalus STI Bacteria  +
Rumyantseva 2015 Mycoplasma genitalus STI Bacteria  +
Plecko 2014 Mycoplasma genitalus STI Bacteria  +  +
Grad 2020 Mycoplasma genitalus STI Bacteria  +
Xiu 2019 Mycoplasma genitalus STI Bacteria  +
Frolund 2016 Mycoplasma genitalus STI Bacteria  +  +
Munday 1981 Mycoplasma genitalus STI Bacteria  +
Barrientos-Duran 2020 Mycoplasma genitalus STI Bacteria  +
Cowley 2021 Mycoplasma genitalus STI Bacteria  +
Ogata 1971 Mycoplasma genitalus STI Bacteria ?
Morton 1966 Mycoplasma genitalus STI Bacteria ?
Brisebois 2018 Herpes STI Virus  +
Khoo 1998 Herpes STI Virus  +
Bibby 2014 Herpes STI Virus  +
O'Brien 2017 Herpes STI Virus  +
McCall 2020 Herpes STI Virus  +  +
Kouri 2014 Herpes STI Virus  -
Kriesel 2016 Herpes STI Virus  +
Munday 1981 Herpes STI Virus  +
Barrientos-Duran 2020 Herpes STI Virus  +
Miyani 2020 Herpes STI Virus  +  +
Agudelo-Hernandez 2017 Herpes STI Virus  +  +
Santos-Fortuna 2005 Herpes STI Virus  +
Barrientos-Duran 2020 Haemophilus ducreyi STI Bacteria  -
Kriesel 2016 Haemophilus ducreyi STI Bacteria  +
Xiu 2019 Haemophilus ducreyi STI Bacteria  -
Zhang 2019 Ureaplasma STI Bacteria  +
Munday 1981 Ureaplasma STI Bacteria ?
Nelson 2012 Ureaplasma STI Bacteria  +
Yoo 2016 Ureaplasma STI Bacteria  +
Yoshida 2007 Ureaplasma STI Bacteria  +  +
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Deguchi 2015 Ureaplasma STI Bacteria  +  +
Shimada 2014 Ureaplasma STI Bacteria  +  +
Retchless 2021 Ureaplasma STI Bacteria  +
Mahony 1997 Ureaplasma STI Bacteria  +
You 2016 Ureaplasma STI Bacteria  +
Bibby 2014 Hep C Hepatitis Virus  +
Kane 1984 Hep C Hepatitis Virus  +
Lu 2018 Hep C Hepatitis Virus  +  +
Numata 1993 Hep C Hepatitis Virus  +  +
Caldwell 1996 Hep C Hepatitis Virus  +
Liou 1992 Hep C Hepatitis Virus  +
Shafique 2009 Hep C Hepatitis Virus  +
Heidrich 2016 Hep C Hepatitis Virus  +
Monrroy 2017 Hep C Hepatitis Virus  +  +
Brisebois 2018 Hep A Hepatitis Virus  +  +
Osuolale 2015 Hep A Hepatitis Virus  +  +
McCall 2020 Hep A Hepatitis Virus  +  +
Wang 2020 Hep A Hepatitis Virus  +  +
Janahi 2020 Hep A Hepatitis Virus  +
Ishizaka 2021 Hep A Hepatitis Virus  +  +
Bisseux 2018 Hep A Hepatitis Virus  +
Iaconelli 2016 Hep A Hepatitis Virus  +
Rodriguez-Manzano 2009 Hep A Hepatitis Virus  +
Adefisoye 2016 Hep A Hepatitis Virus ?
McCall 2020a Hep A Hepatitis Virus  +  +
Beji-Hamza_2014 Hep A Hepatitis Virus  +  +
Kaas 2018 Hep A Hepatitis Virus  -
Villar 2007 Hep A Hepatitis Virus  +  +
Schlindwein 2010 Hep A Hepatitis Virus  +  +
Iaconelli 2020 Hep A Hepatitis Virus  +  +
Joshi 2014 Hep A Hepatitis Virus  +
Coulepis 1980 Hep A Hepatitis Virus  +
Rump 2013 Hep A Hepatitis Virus  +
Arankalle 2006 Hep A Hepatitis Virus  +  +
Park 2009 Hep B Hepatitis Virus  +
Hou 2020 Hep B Hepatitis Virus  -
Horst 1974 Hep B Hepatitis Virus  +
Arvanitidou 1998 Hep B Hepatitis Virus  -
Grabow 1975 Hep B Hepatitis Virus  -  -
Symonds 2009 Hep B Hepatitis Virus  -
Irwin 1975 Hep B Hepatitis Virus  +
Judson 1981 Hep B Hepatitis Virus  +
Men 1989 Hep B Hepatitis Virus  +
Jain 2018 Hep B Hepatitis Virus  +
Ibrahim 2020 Hep B Hepatitis Virus  +
Knutsson 2000 Hep B Hepatitis Virus  +
Masclaux 2014 Hep E Hepatitis Virus  -
Wang 2020 Hep E Hepatitis Virus  -
Beyer 2020 Hep E Hepatitis Virus  +  +
Bisseux 2018 Hep E Hepatitis Virus  +
Iaconelli 2016 Hep E Hepatitis Virus  +
Rodriguez-Manzano 2009 Hep E Hepatitis Virus  +
Fenaux 2018 Hep E Hepatitis Virus  +  +
Beji-Hamza 2015 Hep E Hepatitis Virus  +
Prado 2012 Hep E Hepatitis Virus  +  +
Tripathy 2019 Hep E Hepatitis Virus  +  +
Kaas 2018 Hep E Hepatitis Virus  +
Cuevas-Ferrando 2020 Hep E Hepatitis Virus  +  +
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Abravanel 2018 Hep E Hepatitis Virus  +
Orru 2004 Hep E Hepatitis Virus  +  +
Abravanel 2018a Hep E Hepatitis Virus  +  +
Enouf 2006 Hep E Hepatitis Virus  +  +
Marion 2019 Hep E Hepatitis Virus  +  +
Geng 2016 Hep E Hepatitis Virus  +
Ankcorn 2018 Hep E Hepatitis Virus  +
Limayem 2019 MDROs Nosocomial Bacteria  +
Drigo 2021 MDROs Nosocomial Bacteria  +  +
Park 2016 MDROs Nosocomial Bacteria  +
Dadi 2021 MDROs Nosocomial Bacteria  +
Ekwanzala 2020 MDROs Nosocomial Bacteria  +
Parvez 2017 MDROs Nosocomial Bacteria  +
Lamba 2017 MDROs Nosocomial Bacteria  +  +
Yang 2016 MDROs Nosocomial Bacteria  +  +
Fekadu 2015 MDROs Nosocomial Bacteria  +
Xia 2013 MDROs Nosocomial Bacteria  +
Poma 2016 MDROs Nosocomial Bacteria  +
Harries 2016 MDROs Nosocomial Bacteria  +
Cameron 2019 MDROs Nosocomial Bacteria  +
Divya 2019 MDROs Nosocomial Bacteria  +
Franz 2015 MDROs Nosocomial Bacteria  +
Adegoke 2020 MDROs Nosocomial Bacteria  +  +
Igwaran 2018 MDROs Nosocomial Bacteria  +
Adefisoye 2016 MDROs Nosocomial Bacteria  +
Diallo 2013 MDROs Nosocomial Bacteria  +
Al-Jabouri 1985 MDROs Nosocomial Bacteria  +
Grevscott 2021 MDROs Nosocomial Bacteria  +  +
Lifitte 2016 MDROs Nosocomial Bacteria  +  +
Jin 2018 MDROs Nosocomial Bacteria  +
Ebomah 2020 MDROs Nosocomial Bacteria  +
Al-Jassim 2015 MDROs Nosocomial Bacteria  +  +
Ng 2017 MDROs Nosocomial Bacteria  +
Sun 2021 MDROs Nosocomial Bacteria  +
Ferreira 2021 MDROs Nosocomial Bacteria  +
Bengtsson-Palme 2015 MDROs Nosocomial Bacteria  +
Do 2018 MDROs Nosocomial Bacteria  +
Steyer 2015 Clostridium difficile Nosocomial Bacteria  +
Moradigaravand 2018 Clostridium difficile Nosocomial Bacteria  +  +
Romanazzi 2016 Clostridium difficile Nosocomial Bacteria  +  +
Steyer 2015 Clostridium difficile Nosocomial Bacteria  +
Viau 2009 Clostridium difficile Nosocomial Bacteria  +
Petersen 2015 Clostridium difficile Nosocomial Bacteria  +
Czepiel 2019 Clostridium difficile Nosocomial Bacteria  +  +
Dionne 2013 Clostridium difficile Nosocomial Bacteria  +  +
Rivas 2020 Clostridium difficile Nosocomial Bacteria  +
Nikaeen 2015 Clostridium difficile Nosocomial Bacteria  +
Xu 2014 Clostridium difficile Nosocomial Bacteria  +  +
Romano 2012 Clostridium difficile Nosocomial Bacteria  +
Miyani 20202 Varicella Other Virus  +
Singh 2019 Varicella Other Virus  +
Sahay 2018 Varicella Other Virus  +
Vaidya 2018 Varicella Other Virus  +
Ramamurty 2006 Measles Other Virus  +
Seto 2018 Measles Other Virus  +  +
Permar 2001 Measles Other Virus  +
Deng 2004 Measles Other Virus  +  +
Olusola 2014 Measles Other Virus  +
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Chua 2015 Measles Other Virus  +
Lievano 2004 Measles Other Virus  - 
Benschop 2017 Measles Other Virus  +
Varavithya 1989 Measles Other Virus  -
Kurata 2020 Measles Other Virus  +  +
Thomas 2007 Measles Other Virus  +  +
Bibby 2014 Rubella Other Virus  +
Olusola 2014 Rubella Other Virus  -
Okamoto 2016 Rubella Other Virus  +
Uchino 2020 Rubella Other Virus  +
Nagasawa 2016 Rubella Other Virus  +  +
Mosquera 2002 Rubella Other Virus  +
Schmidt 1978 Rubella Other Virus  +
Schmidt 1981 Rubella Other Virus  +
Singh 2014 Rubella Other Virus  +
Figueredo 2012 Rubella Other Virus  +
Gouma 2016 Mumps Other Virus  +
Wolontis 1974 Mumps Other Virus  +
Hatchette 2009 Mumps Other Virus  +
Tan 2011 Mumps Other Virus  +
Krause 2006 Mumps Other Virus  +
Nunn 2018 Mumps Other Virus  +
Waston-Creed 2006 Mumps Other Virus  +
Laube 2002 Corynebacterium diphtheriae Respiratory Bacteria ?
Davis 1973 Corynebacterium diphtheriae Respiratory Bacteria ?
Cygankiewicz 1955 Corynebacterium diphtheriae Respiratory Bacteria  +
Park 2009 Corynebacterium diphtheriae Respiratory Bacteria  +
Ye 2011 Corynebacterium diphtheriae Respiratory Bacteria  +
Kaldor 1977 Haemophilus influenzae Other Bacteria  +
Murphy 1989 Haemophilus influenzae Other Bacteria  +
Manary 1993 Haemophilus influenzae Other Bacteria  +
Al-Mohizea 2014 Haemophilus influenzae Other Bacteria  +
You_2016 Haemophilus influenzae Other Bacteria  +
Saha 2006 Haemophilus influenzae Other Bacteria  +
Caceci 1981 Haemophilus influenzae Other Bacteria  +
Duraisingham 2015 Haemophilus influenzae Other Bacteria  +
Messina 2020 Haemophilus influenzae Other Bacteria  +
Srinivasan 2021 Haemophilus influenzae Other Bacteria  +  +
Greay 2019 Acinetobacter Nosocomial Bacteria ?
Al-Jassim 2015 Acinetobacter Nosocomial Bacteria  +  +
Hrenovic 2016 Acinetobacter Nosocomial Bacteria  +
Jovcic 2020 Acinetobacter Nosocomial Bacteria  +
Ferreira 2011 Acinetobacter Nosocomial Bacteria  +
Perilli 2011 Acinetobacter Nosocomial Bacteria  +
Bedenic 2020 Acinetobacter Nosocomial Bacteria  +
Eze 2021 Acinetobacter Nosocomial Bacteria  +
Cherak 2021 Acinetobacter Nosocomial Bacteria  +
Hemback 2017 Acinetobacter Nosocomial Bacteria  +
Maamar 2018 Acinetobacter Nosocomial Bacteria  +
Gordon 2009 Acinetobacter Nosocomial Bacteria  +
Li 2019 Acinetobacter Nosocomial Bacteria  +
Keum 2006 Acinetobacter Nosocomial Bacteria  +
Corbella 1996 Acinetobacter Nosocomial Bacteria  +
Vuotto_2018 Acinetobacter Nosocomial Bacteria  +
Girgia 2019 Acinetobacter Nosocomial Bacteria  +
Higgins 2018 Acinetobacter Nosocomial Bacteria  +
Asghari 2021 Pseudomonas Nosocomial Bacteria  +
Shannon 2007 Pseudomonas Nosocomial Bacteria  +  +
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Greay 2019 Pseudomonas Nosocomial Bacteria ?
Al-Jassim 2015 Pseudomonas Nosocomial Bacteria  +  +
Ng 2017 Pseudomonas Nosocomial Bacteria  +
Keum 2006 Pseudomonas Nosocomial Bacteria  +
Schwartz 2006 Pseudomonas Nosocomial Bacteria  +
Mapipa 2021 Pseudomonas Nosocomial Bacteria  +
Petit 2013 Pseudomonas Nosocomial Bacteria  +
Highsmith 1975 Pseudomonas Nosocomial Bacteria  +  +
Butiuc-Keul 2021 Pseudomonas Nosocomial Bacteria  +
Limayem 2019 Pseudomonas Nosocomial Bacteria  +
Azuma 2020 Pseudomonas Nosocomial Bacteria  +  +
Shannon 2007a Pseudomonas Nosocomial Bacteria  +  +
Tsai 1998 Pseudomonas Nosocomial Bacteria  +  +
Fakhkhari 2020 Pseudomonas Nosocomial Bacteria  +
Araoka 2014 Pseudomonas Nosocomial Bacteria  +
Estepa 2014 Pseudomonas Nosocomial Bacteria  +
Li 2020 Pseudomonas Nosocomial Bacteria  +
Shukla 2015 Pseudomonas Nosocomial Bacteria  +
Hansen 2013 Pseudomonas Nosocomial Bacteria  +
vanderZee 2016 Pseudomonas Nosocomial Bacteria  + ?
Zhang 2021 Pseudomonas Nosocomial Bacteria  +
Cabot 2021 Pseudomonas Nosocomial Bacteria  +
Pirkani 2020 Pseudomonas Nosocomial Bacteria  +
Azuma 2020 MRSA Nosocomial Bacteria  +  +
Goldstein 2012 MRSA Nosocomial Bacteria  +
Borjesson 2010 MRSA Nosocomial Bacteria  +
Wada 2010 MRSA Nosocomial Bacteria  +  +
Borjesson 2009 MRSA Nosocomial Bacteria  + ?
Wan 2014 MRSA Nosocomial Bacteria  +  +
Muzammil 2020 MRSA Nosocomial Bacteria  +
Mohanty 2019 MRSA Nosocomial Bacteria  +
Havill 2010 MRSA Nosocomial Bacteria  +
Fischer 2017 MRSA Nosocomial Bacteria  +
Oie 2007 MRSA Nosocomial Bacteria  +
Wang 2021 Legionella Other Bacteria  +
Greay 2019 Legionella Other Bacteria  +
Al-Jassim 2015 Legionella Other Bacteria  +  +
Maiwald 1995 Legionella Other Bacteria  +
Johansson 2010 Legionella Other Bacteria  +
Johansson 2011 Legionella Other Bacteria  +
Rowbotham 1998 Legionella Other Bacteria  +
Schulte 2003 Legionella Other Bacteria  -
Couturier 2014 Legionella Other Bacteria  +
Murdoch 1996 Legionella Other Bacteria  +
Caicedo 2019 Legionella Other Bacteria  +  +
Nasser 2016 Cryptosporidium Other Parasite  +  +
Zahedi 2021 Cryptosporidium Other Parasite  +  +  +  +
Ahmed 2019 Cryptosporidium Other Parasite  +
Akgun 2020 Cryptosporidium Other Parasite  +
Beyhan 2020 Cryptosporidium Other Parasite  +
Mergen 2020 Cryptosporidium Other Parasite  +
Laude 2016 Cryptosporidium Other Parasite  +
Nurminen 2015 Cryptosporidium Other Parasite  +
Mary 2013 Cryptosporidium Other Parasite  +  +
Langeland 2009 Yersinia enterocolitica GI Bacteria  +
Ziegert 1990 Yersinia enterocolitica GI Bacteria  +
Falcao 2004 Yersinia enterocolitica GI Bacteria  +
Ruhle 1990 Yersinia enterocolitica GI Bacteria  +  +



16

Paper Pathogen
Pathogen 
group

Pathogen 
type

Detected in 
excreta

Quantified in 
excreta

Detected in 
wastewater

Quantified in 
wastewater

Bottone 1974 Yersinia enterocolitica GI Bacteria  +
Aziz 2021 Yersinia enterocolitica GI Bacteria  +
Rusak 2018 Yersinia enterocolitica GI Bacteria  +
Simner 2017 Yersinia enterocolitica GI Bacteria  +
Stephan 2013 Yersinia enterocolitica GI Bacteria  +
Valledor 2020 Yersinia enterocolitica GI Bacteria  +
Wang 2021 Mycobacterium tuberculosis Respiratory Bacteria ?
Greay 2019 Mycobacterium tuberculosis Respiratory Bacteria ?
Al-Jassim 2015 Mycobacterium tuberculosis Respiratory Bacteria  +  +
Cai 2013 Mycobacterium tuberculosis Respiratory Bacteria  +
Jensen 1954 Mycobacterium tuberculosis Respiratory Bacteria  +
Pramer 1950 Mycobacterium tuberculosis Respiratory Bacteria  +  +
Yokoyama 2017 Mycobacterium tuberculosis Respiratory Bacteria  +
deCosta-Lima 2020 Mycobacterium tuberculosis Respiratory Bacteria  +
Cannas 2008 Mycobacterium tuberculosis Respiratory Bacteria  +
Lopez 2019 Mycobacterium tuberculosis Respiratory Bacteria  +
Peter 2010 Mycobacterium tuberculosis Respiratory Bacteria  +
Seifert 2021 Mycobacterium tuberculosis Respiratory Bacteria  +
Green 2009 Mycobacterium tuberculosis Respiratory Bacteria  +
Luo 2013 Mycobacterium tuberculosis Respiratory Bacteria  +
Drancourt 2018 Mycobacterium tuberculosis Respiratory Bacteria  +
Mesman 2019 Mycobacterium tuberculosis Respiratory Bacteria  +
Talib 2019 Mycobacterium tuberculosis Respiratory Bacteria  +
Abaye 2017 Mycobacterium tuberculosis Respiratory Bacteria  +
Walters 2017 Mycobacterium tuberculosis Respiratory Bacteria  +
Cordova 2010 Mycobacterium tuberculosis Respiratory Bacteria  +
Mesman 2019a Mycobacterium tuberculosis Respiratory Bacteria  +
Rauter 2005 Borrelia burgdorferi Vector borne Bacteria  +
Goodman 1991 Borrelia burgdorferi Vector borne Bacteria  +
Hyde 1989 Borrelia burgdorferi Vector borne Bacteria  +
Huppertz 1993 Borrelia burgdorferi Vector borne Bacteria  +
Picha 2005 Borrelia burgdorferi Vector borne Bacteria  +
Bergmann 2002 Borrelia burgdorferi Vector borne Bacteria  +
Schmidt 1996 Borrelia burgdorferi Vector borne Bacteria  +
LaCout 2021 Borrelia burgdorferi Vector borne Bacteria ?
Magni 2020 Borrelia burgdorferi Vector borne Bacteria  +
LaCout 2021 Anaplasma phagocytophilum Vector borne Bacteria  +
Magni 2020 Anaplasma phagocytophilum Vector borne Bacteria  +
LaCout 2021 Babesia Vector borne Parasite  +
Magni 2020 Babesia Vector borne Parasite  +
Al-Sheri 2019 Plasmodium Vector borne Parasite ?
Keita 2015 Plasmodium Vector borne Parasite ?
Apinjoh 2021 Plasmodium Vector borne Parasite  +
Aninagyei 2020 Plasmodium Vector borne Parasite  +
Samal 2017 Plasmodium Vector borne Parasite  +
Alnasser 2016 Plasmodium Vector borne Parasite  +
Najafabadi 2014 Plasmodium Vector borne Parasite  +
Najafabadi 2014a Plasmodium Vector borne Parasite  +
Humaidi 2021 Dengue Vector borne Virus  +
Barzon 2021 Dengue Vector borne Virus  +
Siquiera 2020 Dengue Vector borne Virus  +
Pabbaraju 2016 Dengue Vector borne Virus  +
Choudhury 2021 Dengue Vector borne Virus  +
Vasquez-Prokopec 2010 West Nile Vector borne Virus  -
Macaluso 2021 West Nile Vector borne Virus  - 
Karrasch 2021 West Nile Vector borne Virus  +
Sabadi 2020 West Nile Vector borne Virus  +
Pacenti 2020 West Nile Vector borne Virus  +
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Murray 2017 West Nile Vector borne Virus  +
Nagy 2016 West Nile Vector borne Virus  +
Magni 2020 Francisella tularensis Vector borne Bacteria  +
Escudero 2010 Francisella tularensis Vector borne Bacteria ?
Peruski 2002 Francisella tularensis Vector borne Bacteria  -  -
Tarnvik 1987 Francisella tularensis Vector borne Bacteria  +
Musso 2016 Chikungunya Vector borne Virus  +
Choudhury 2021 Chikungunya Vector borne Virus  +
Silva 2018 Chikungunya Vector borne Virus  +
Mehta 2018 Chikungunya Vector borne Virus  +
Bandeira 2016 Chikungunya Vector borne Virus  +
Kondo 2016 Chikungunya Vector borne Virus  +
LaCout 2021 Rickettsia Vector borne Bacteria  +
Magni 2020 Rickettsia Vector borne Bacteria  +
Keita 2015 Rickettsia Vector borne Bacteria ?
Ozbil 1955 Rickettsia Vector borne Bacteria  +
Yang 2022 Rickettsia Vector borne Bacteria ?
Fraiture 2021 Zika Vector borne Virus  +
Siquiera 2020 Zika Vector borne Virus  +
Bandeira 2020 Zika Vector borne Virus  +
Stone 2020 Zika Vector borne Virus  +
Mishra 2020 Zika Vector borne Virus  +
Pabbaraju 2016 Zika Vector borne Virus  +


