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a b s t r a c t 

Multidrug-resistant organisms (MDROs) are a major international health threat. In many low and middle- 

income countries poorly regulated antibiotic use, limited surveillance, and inadequate sanitation give rise 

to high rates of antibiotic resistance. A resulting reliance on last-line antibiotic options further contributes 

to the emergence of MDROs. The potential for these pathogens to spread across international borders is 

a matter of considerable concern. However, this problem is commonly framed as primarily a threat to 

the health security of countries where resistance is not yet endemic. In fact, it is little acknowledged 

that those at greatest risk from antibiotic treatment failure are individuals who move from regions of 

high MDRO prevalence to settings where standard empirical treatment options remain largely effective. 

In this perspective, we highlight the poor treatment outcomes for disseminated bacterial infections in 

individuals who have moved from settings in which MDROs are common to those where MDROs are 

currently less common. We discuss MDRO screening strategies that could avoid stigmatizing vulnerable 

populations by focusing on future risk of disseminated infection, rather than past risk of acquisition. In 

practical terms, this means screening individuals before childbirth, immunosuppressive treatments, ma- 

jor surgery, or other events associated with disseminated infection risk, rather than prioritizing screening 

for individuals from regions with high carriage rates. We argue that such measures would reduce an- 

tibiotic treatment failure and improve outcomes while protecting migrant populations from the divisive 

consequences of targeted screening programs. 

© 2023 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Decline in the effectiveness of antibiotics due to the spread of 

cquired antibiotic resistance (AMR) threatens our ability to treat 

ommon infections and to undertake essential surgical procedures 

afely [1] . Multidrug-resistant organisms (MDROs) that emerge 

here antibiotic stewardship is ineffective can move rapidly across 

nternational borders [2] , with major consequences for global pop- 

lation health [3] . The increasing mobility of populations makes 

esponding effectively to a constantly shifting AMR landscape a 

onsiderable challenge for health systems around the world. 

Antibiotic prescription practices and guidelines are informed by 

ocal patterns of antibiotic sensitivity. As a result, last-line antibi- 

tics are more commonly given as empirical therapy in regions 
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here MDROs are more prevalent. In contrast, where MDROs cur- 

ently remain relatively rare, such as in Northern Europe, Australia, 

nd New Zealand [3] , last-line antibiotics are more commonly held 

n reserve [4] . We argue that such variance in local policies may 

oorly serve individuals migrating from regions where MDROs are 

ommon. These individuals are at higher risk of antibiotic treat- 

ent failure when receiving empiric therapy tailored to low car- 

iage regions. The ability to identify AMR carriage in those at in- 

reased risk of disseminated bacterial infection would provide im- 

ortant opportunities for targeted changes in empirical antibiotic 

herapy in such settings. 

he critical importance of effective empirical antibiotic therapy 

Multidrug resistance can be acquired in pathogens that 

ommonly cause life-threatening infections, such as extended- 

pectrum beta-lactamases, as well as other, less common 
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athogens, such as the multidrug-resistant yeast, Candida auris [5] . 

n the case of extended-spectrum beta-lactamases, carriage is now 

ndemic in many global regions [6] , with infection resulting in the 

ailure of commonly used first-line treatments, such as ceftriax- 

ne [2] . The rapid global spread of carbapenemase-producing En- 

erobacterales (CPE) is of even greater concern [7] . CPE genes are 

ften co-carried with multiple other antibiotic-resistance genes, re- 

ulting in bacterial strains that are phenotypically resistant to most 

vailable antibiotics including carbapenems. This results in high 

ates of treatment failure and increased mortality, with a sepsis 

ortality rate of 60-70% in immunosuppressed patients [8] . Impor- 

antly, these pathogens can be carried asymptomatically for years 

9] , only to emerge to cause infection following immunosuppres- 

ion, disruption of mucosal barriers caused by surgery, chemother- 

py or radiotherapy, or enteric infection. 

Disseminated bacterial or invasive fungal infections are com- 

only fatal in the absence of prompt and effective therapy. In 

act, a large retrospective cohort study of adult patients with septic 

hock determined that every hour delay in initiation of active em- 

irical therapy following the onset resulted in an increased chance 

f mortality of 8% [10] . In such circumstances, a patient who has 

pent time in regions with substantially different AMR carriage 

atterns is considerably more likely to experience failure of em- 

irical treatment based on local pathology data. 

opulations at increased risk of antibiotic treatment failure 

Global rates of AMR carriage differ by region [3] . For exam- 

le, the metallo-beta-lactamase, New Delhi metallo- β-lactamase 

NDM), which confers carbapenem resistance in Gram-negative 

acteria, is most prevalent in South Asia, particularly the Indian 

ub-continent [11] . Residence, or even short trips to these regions, 

articularly if this includes access to health care (including medi- 

al tourism) are risks factor for carriage of concerning MDROs such 

s NDM [12] . Carbapenemases are also endemic in high-income 

ountries in Southern Europe, however, the epidemiology is differ- 

nt with carbapenem-resistant Klebsiella pneumoniae (KPC) being 

he predominant resistance mechanism [13] . Although both these 

cquired resistance mechanisms result in reduced carbapenem ef- 

cacy, an infection caused by CPE-carrying NDM requires different 

reatment from those carrying KPC. As such, even in countries with 

igh levels of AMR, the empirical treatment approach tailored to 

ocal resistance determinants may not be appropriate for recent 

igrants or overseas travelers. 

High AMR carriage rates have similarly been documented 

mong asylum seekers and refugees from conflict zones, includ- 

ng Iraq, Afghanistan, Syrian territories, and Sub-Saharan Africa 

14] . Notably, AMR carriage in asylum seekers in the Netherlands 

howed no particular decline more than a year after arrival [14] . 

any different factors contribute to these high carriage rates, in- 

luding limited control of access to antibiotics, disruption of sanita- 

ion and medical infrastructure, antibiotic prophylaxis in field hos- 

itals, cramped accommodation, and poor quality of services avail- 

ble to those fleeing conflict zones [15] . Recently, the close rela- 

ionship between conflict and AMR dissemination has been further 

llustrated, with the isolation of carbapenem- and fluoroquinolone- 

esistant Acinetobacter baumannii from war-injured patients from 

kraine in German Bundeswehr Hospitals [16] . 

The movement of MDROs from regions of high endemicity (e.g., 

iddle East and North Africa) to those of relatively low prevalence 

e.g., Australia), is often framed principally as a threat to the health 

ecurity of the receiving country. This perception is inaccurate and 

isleading. Rather, the threat of MDROs is primarily to the carriers 

hemselves. For example, in a systematic meta-analysis of AMR car- 

iage and infection in migrants to Europe, there was no evidence of 

ubstantial onward transmission to host populations [17] . Refram- 
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ng the challenge faced by local healthcare systems, first, as a duty 

o ensure equitable health outcomes for all populations within a 

ountry, and second, as an opportunity to contribute to achieving 

ider health equity and stronger global health security, would be 

oth progressive and appropriate. 

urrent challenges in identifying multidrug-resistant organism 

cquisition 

Given the increased risk of empirical treatment failure associ- 

ted with MDRO carriage, it is recommended that physicians in- 

uire about recent overseas travel and medical treatment as a 

eans to better understand the relative risk of MDRO infection. 

owever, how frequently such history is sought or considered is 

nclear. The guidance from the European Centre for Disease Pre- 

ention and Control for CPE control, for example, notes the impor- 

ance of such information but does not include such questions in 

PE assessment flow charts [18] . In addition, defining what should 

e considered a history of increased risk exposure is challenging, 

iven that MDROs can be carried asymptomatically for months or 

ven years [14] . Therefore, while knowing a patient’s exposure to 

nvironments with high MDRO prevalence can be a useful marker 

f carriage risk, how such information is collected and utilized is 

he subject of increasing discussion. With the stigma surrounding 

uch questions, or worse, assumptions being made based on eth- 

ic background, it is difficult to utilize such information reliably to 

ssess risk of MDRO carriage. 

creening by risk of infection, rather than risk of carriage 

In regions where MDROs are endemic, regular screening of all 

atients is considered necessary. Italy, for example, has high en- 

emicity of CPE [19] and highlights the need for regular screening 

f all hospitalized patients. Such an approach, while potentially ef- 

ective, requires considerable resources. However, like screening all 

ospitalized patients, screening people who have an increased risk 

f disseminated infection, rather than an increased risk of MDRO 

arriage, also has the potential to protect the most vulnerable 

roups. Events such as major surgery, organ and stem cell trans- 

lant, or childbirth, are predictable periods of greatly increased in- 

ection risk. Unlike disseminated infections that develop without 

arning, such as community-acquired sepsis, these periods pro- 

ide an opportunity to screen for MDRO carriage before an in- 

ection develops. Taking the example of perinatal sepsis, women 

n many settings are offered screening for group B streptococcus 

GBS) at 35-37 weeks gestation. Potentially, such screening could 

e expanded to include Gram-negative pathogens, including those 

ith antibiotic resistance. 

While GBS detection resulted in intrapartum prophylaxis being 

ffered, identification of maternal MDRO carriage could simply in- 

orm the choice of empirical antibiotics should peripartum sepsis 

evelop to provide adequate coverage. The ability to reduce the 

isk of treatment failure in this way would both improve mater- 

al and infant outcomes and reduce total antibiotic usage. Such a 

creening approach could be widely applicable. Detection of MDRO 

arriage by rectal swab ahead of pancreatic surgery, for example, 

as been shown to be associated with a significantly greater risk 

f septic complication caused by the same organism [20] . 

While clinical events such as childbirth are associated with an 

ncreased risk of systemic infection, it is the carriage of MDROs 

hat results in an increased likelihood of empiric antibiotic treat- 

ent failure. The clinical event, however, provides a rationale for 

DRO screening that is distinct from an individual’s carriage risk, 

s associated with, for example, their migrant status. In this way, 

he screening of individuals ahead of an event or procedure that 

arries a high sepsis risk differs fundamentally from programs 
laide from ClinicalKey.com.au by Elsevier on July 27, 
. Copyright ©2023. Elsevier Inc. All rights reserved.
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Figure 1. A metagenomic approach to support comprehensive screening for pathogens that cause antibiotic treatment failure. An example analytical scheme where (1) A 

swab is collected from the patient before undergoing a high-risk procedure (e.g., chemotherapy). (2) Microbial DNA is extracted using high-throughput sample processing, 

similar to that used for Group B Strep screening. (3) Shotgun metagenomic sequencing is performed to allow AMR gene determinants and microbial composition to be 

determined. (4) AMR and pathogen screening is filtered to include only clinically relevant markers that may alter empiric antibiotic selection in the event of infection. In 

this example, filtering includes markers relevant to the treatment decisions in maternal and neonatal sepsis. (5) A secondary confirmation assay is performed. Either culture- 

based or a secondary molecular assay. (6) Resistance category defined through metagenomics and confirmed through a secondary test can then be attached to the clinical 

records for a patient along with guidance on appropriate changes to empirical antibiotic therapy in the case of disseminated infection. 

AMR, antimicrobial resistance; AmpC, AmpC beta-lactamases; ESBL, extended-spectrum beta-lactamases. 
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here migrant populations are screened for MDRO carriage en 

asse . While the latter has the potential to be divisive and stig- 

atizing, the former focuses on the health of the individual, irre- 

pective of origin or status. 

merging diagnostics enable comprehensive screening 

MDRO screening programs must provide rapid, reliable, con- 

istent information, in a manner that is readily accessible and 

linically useful. Current approaches to screening typically target 

pecific AMR genes or pathogens, either through culture-based or 

olecular assays. Expanding such schemes to include a wide range 

f emerging threats would require prohibitive levels of additional 

apacity. 

In contrast, metagenomic sequencing approaches enable the 

esistome (the totality of resistance genes) including resistance 

ithin bacteria, fungi, and protozoa, within a clinical sample to be 

efined in a single reaction. By aligning resistome data with spe- 

ific antimicrobial combinations that would provide effective cov- 

rage based on AMR genes present, appropriate empirical therapy 

ould be initiated immediately should disseminated infection de- 

elop ( Figure 1 ). Attaching information on confirmed MDRO car- 

iage in an individual’s clinical notes, along with guidance on ap- 

ropriate changes to empirical antibiotic therapy in the case of 

isseminated infection, could reduce instances of treatment failure 

nd poor clinical outcomes. 

The COVID-19 pandemic has demonstrated the value to public 

ealth systems of molecular diagnostics deployed at considerable 

cale. The growing sophistication and decreasing cost of metage- 

omics add to their potential as a basis for routine MDRO screen- 

ng. Indeed, using such approaches to improve antibiotic treatment 

utcomes would align with the effort s by the World Health Or- 
170 
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anization to expand molecular methods for AMR diagnostics to 

nhance the Global Antimicrobial Resistance Surveillance System 

GLASS) initiative [21] . 

onclusion 

Our failure to respond adequately to the challenge of AMR con- 

ributes to disparities in health outcomes that are clinically devas- 

ating and largely preventable. Screening for MDROs is necessary 

or surveillance and selecting appropriate antimicrobial therapy, 

owever, must be performed in a manner that is effective and eq- 

itable. We support targeting screening to situations where there 

re predictable periods of increased infection risk, such as child- 

irth, immunosuppressive treatment, and major surgery, rather 

han likelihood of carriage. Such a system both protects those most 

ulnerable and is a move toward improved health equity, particu- 

arly for members of migrant and refugee communities. 
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