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Antimicrobial resistance (AMR), a cross-cutting and increasing threat to global health (1-3), is a 
complex problem with multiple and interconnected drivers. Reliable surveillance data that accu-
rately describes and characterizes the global occurrence and distribution of AMR is essential for: 
tracking changes in resistance over time; national and global priority setting; assessing the im-
pacts of interventions; identifying novel kinds of resistance; and supporting investigation of (inter-
national) outbreaks of resistant pathogens. AMR surveillance data can also inform development of 
treatment guidelines. Yet it has proven difficult to achieve these objectives on a global scale, and 
especially in lower and middle income countries (LMICs), in large part because current surveil-
lance systems deliver data that is extremely variable in quality and quantity and highly heteroge-
neous in terms of which population is sampled (usually a category of hospital patients) and what 
drug-bug combinations are included (1).  Here, we outline a plan for a global AMR surveillance 
system based on applying next generation sequencing (NGS) to human sewage that will be espe-
cially helpful for community AMR surveillance, which is difficult to achieve in other ways, and will 
provide an affordable surveillance option in resource-poor settings.  
NGS is a powerful technology that has transformed the health data landscape. Among many other 
benefits, it has drastically improved our ability to determine the presence of AMR genes (bacterial 
genes known to confer resistance to an antimicrobial drug) in single isolates and to quantify them 
in complex microbiomes (4,5). Millions of random DNA fragments sequenced using NGS can be 
mapped to reference sequence databases and the number of reads coming from any of several 
thousand known AMR genes can be counted to provide easily shared information on their occur-
rence and abundance. 
Increasing numbers of people globally are connected to sewage treatment systems (6) and, as re-
cently highlighted by the World Bank (3), metagenomics-based, near real-time quantification of 
AMR genes in sewage is a potentially useful surveillance tool even in remote locations without mi-
crobiology laboratories (7). Such an approach could quickly plug current gaps in the geographic, 
population, and agent coverage of AMR surveillance, especially by providing data on AMR outside 
hospitals (90% of antibiotic usage (in humans) occurs outside hospitals (Fig. 1)). It could also pro-
vide information on environmental transmission in populations exposed to raw sewage.  
 
Current global AMR surveillance 
The relevance of local and national surveillance of AMR to inform treatment guidelines and inter-
vention strategies has been recognized for decades. The first international AMR-surveillance pro-
gram was The European Antimicrobial Resistance Surveillance Network (EARS-Net), whose pre-
decessor (EARS) was launched in 1998. EARS-Net is based on routine clinical antimicrobial 
susceptibility data from clinical laboratories reported to the European Centre for Disease Control 
and Prevention (ECDC). Only data from invasive isolates (blood and cerebrospinal fluid) and for 
seven bacterial pathogens are included. 



The Global Antimicrobial Resistance Surveillance System (GLASS) was launched in October 
2015 by the World Health Organisation (WHO) to support their global action plan on AMR. A num-
ber of local WHO surveillance networks had already been established prior to GLASS and AMR 
data were also included in surveillance of single pathogens such as Mycobacterium tuberculosis 
and Neisseria gonorrhoea. As of January 2020 GLASS had enrolled 90 countries covering all re-
gions (though not all have yet provided data), each reporting on up to eight different pathogens 
and up to 35 drug-bug combinations considered the most clinically important (though often only a 
small subset of these). In addition to these formal systems, a number of more informal AMR sur-
veillance initiatives have been established, such as ResistanceOpen that provides online maps of 
the occurrence of 4 “super-bugs” worldwide, and ResistanceMap that maps resistance data for 12 
bacterial pathogens from 46 countries.  
A common feature of all these initiatives is that they focus on hospitalised patients and mainly last 
resort antimicrobial agents such as carbapenems (used after other agents have proven ineffec-
tive)(Fig. 1). This reflects the clinical perception that resistance to last resort antibiotics is most 
critical for patients, and the ease of access to clinical diagnostic facilities, put in place to improve 
patient outcomes and not, primarily, to facilitate AMR surveillance. This emphasis on clinical set-
tings makes it difficult to determine the global spread of resistance to first-line drugs in the wider 
community, a large part of the global AMR burden (8). Indeed, it has recently been argued that in-
terventions to support first-line drugs (e.g. tetracyclines) might have much greater public health 
impact than against last resort antimicrobial agents (8), the argument being that if the initial treat-
ment works, the patients will never need a last resort antimicrobial treatment. 
Because current isolate-based surveillance greatly relies on testing already being conducted for 
clinical purposes, it is often based on small sample sizes and can be biased. Nor is it easily imple-
mented in resource-poor settings where there are no laboratories to perform bacterial isolation, 
identification and susceptibility testing and only a subset of the population may have access to 
clinical diagnostics. In addition, it has proven difficult to coordinate and harmonize both sampling 
and susceptibility testing results: different definitions for clinical cases may be used, methods for 
identification differ and different antimicrobial agents are tested.  
 
Benefits and limitations of sewage-based surveillance 
Examination of sewage inlets to treatment plants is already recommended for polio surveillance 
and, more recently, sewage has been successfully used for quantifying the occurrence and abun-
dance of AMR genes in human populations (4,5,9-11). These studies mostly used metagenomic 
sequencing (which can detect all known resistance genes), though sometimes qPCR (which tar 
gets only selected genes). Even a single sample from one site can be representative of a large, 
urban population and a complete profile (occurrence and prevalence) of 1,000s of AMR-genes 
(the resistome) within that population can be obtained (4). In addition, some studies have sug-
gested that resistance data from sewage can correlate well with data from clinical surveillance 
(10,11).  
However, global sewage-based surveillance using metagenomics differs from conventional 
measures of levels and burden of AMR in several key respects. It generates pooled data from a 
large, non-hospital population (whereas most surveillance data refer only to hospital patients). The 
data are also pooled across all bacteria taxa (i.e., do not refer to a subset, usually cultured bacte-
rial pathogens). It measures AMR gene frequencies (not the prevalence of phenotypic resistance 
in a collection of isolates). Sewage therefore provides a different measure of AMR obtained using 



a different sampling frame and as such can augment current surveillance based on clinical iso-
lates. Ideally, data from these two sources would be collected in parallel, allowing calibration and 
confirmation of geographic patterns and temporal trends. 
We recognise certain limitations. Sewage-based AMR metagenomic surveillance, unlike isolate-
based surveillance, does not link the AMR genes to specific bacterial species (though it can be ar-
gued that for surveillance purposes it is the genes that are of interest). Also, sensitivity is likely 
lower than isolate-based surveillance (though this may be compensated for by not being limited to 
a few bacterial species).  
At the same time, however, sewage based metagenomic AMR surveillance has several important 
advantages. It characterises large communities that are not routinely assessed using conventional 
surveillance (though only those connected to the sewage system). It is straightforward to imple-
ment; at its most basic only requiring sample collection (using inexpensive equipment that is read-
ily available) and shipment. Sequencing and bioinformatics methods are easily standardised, es-
pecially if done by a central facility. Ethical concerns have not been raised and there is no legal 
requirement for informed consent as data cannot be linked to any individual (4). It is not limited to 
an often very restricted subset of drug-bug combinations. It can provide a baseline for future 
trends and to monitor the effects of interventions in any location, irrespectively of whether the di-
agnostic capacity to isolate and identify bacterial pathogens exists. In the absence of good clinical 
surveillance it can provide a comparison of countries/regions, indicating where further actions are 
needed. When based on metagenomics it allows for retrospective analyses of data should novel 
genes subsequently be identified, providing a rapid assessment of global emergence. In addition, 
metagenomics provides information on all DNA and potentially RNA in the sample and can thus 
also be useful for surveillance of any living organisms, including enteric pathogens (12). 
Sewage-based surveillance is also relatively cheap. For example, the World Bank has estimated 
the annual cost for clinical, isolate-based surveillance in one LMIC - Kenya - at approximately 
US$2M (2). From our own experience (4), we estimate that the additional costs for collection, 
shipment, DNA purification, sequencing, and bioinformatics analysis of two sewage samples an-
nually from two sites within the same country would be less than 0.1% of this sum. We therefore 
consider sewage-based surveillance to be a potentially valuable addition to current options for 
global AMR surveillance and monitoring. Though not a substitute for other surveillance methods it 
can provide data that is otherwise hard to obtain, and may sometimes be the easiest route to 
providing any information at all, especially in resource-poor settings.  
 
Necessary steps to make this happen 
Two important considerations are the DNA-purification methodology and the choice of bioinformat-
ics analyses, both of which can influence the outcome.  Protocols for sample collection, handling, 
DNA purification and sequencing are already available and evaluated (4,13), but specific choices 
have to be agreed so that the process is fully standardized – ensuring balanced representation 
from all bacterial species, maximising read quality and test sensitivity are key issues. Bioinformat-
ics methods for generating AMR gene abundance data are already available (4) but, again, spe-
cific choices need to be made.  Unlike the sequencing step, here the choice is not irrevocable; 
metagenomics data, once generated, can be re-analysed when new bioinformatics methods be-
come available or reference sequence databases are updated (allowing, for example, retrospec-
tive study of the spread of newly identified resistance genes). 
In addition, agreements are needed on sample and data sharing that comply with the Nagoya Pro-
tocol to the Convention on Biological Diversity (14). Agreement is also needed on a standardised 



data reporting format, noting that gene abundance data are different in nature from isolate-based 
data. Competent national and global authorities must be identified. The sewage-based program 
must be integrated with existing isolate-based surveillance programs. A formal economic analysis 
is necessary and a case for affordability and sustainability needs to be made. 
It is important to ensure that global sewage-based surveillance is adopted by the right interna-
tional organization(s) with the mandate to perform regional and/or global AMR surveillance, such 
as WHO and, for Europe, ECDC. This would also ensure direct and sustainable links to existing 
surveillance systems such as GLASS. This does not, however, restrict national institutions from 
setting up national sewage-based surveillance at any stage. 
An immediate working model for global surveillance could be annual collection of sewage samples 
across the globe, with shipment of sewage to a central facility, perhaps a WHO Collaborating Cen-
tre, responsible for the subsequent sequencing, bioinformatics, analyses, and reporting (Fig. 1). 
As capacity builds around the world this could transition into a system where DNA is purified and 
sequenced and perhaps also analysed locally and subsequently shared globally via an interna-
tional agency. 
Standard reporting should as a minimum include AMR gene abundances per country over time for 
each antimicrobial class. Reporting frameworks will need to be adapted to accommodate this dif-
ferent kind of data. Though we recognise that there may be political sensitivities, we would 
strongly encourage global public sharing of the raw data with the global research community 
wherever possible, taking advantage of the global repositories for sharing sequencing data al-
ready in place.   
In our opinion, the implementation of a global sewage-based AMR surveillance system would 
have substantial and rapid benefits, especially in resource-poor settings. It could be quickly imple-
mented at a comparatively very low cost. By providing population-level information it would com-
plement and augment current AMR surveillance efforts, so contributing to meeting the key objec-
tives of AMR surveillance at a global scale.  
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Figure 1. Comparison of current clinical surveillance and sewage-based surveillance. Clinical, iso-
late-based surveillance is based on small numbers of samples mainly from patients in health-care 
facilities that are tested locally for resistance to selected antibiotics using standard microbiological 
methods. Sewage-based surveillance is based on pooled samples from very large (typically 4-
500,000), mainly healthy populations that are tested locally or centrally for all known resistance 
genes using sequencing and bioinformatics analysis.  
 
 


