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Since early 2020, COVID-19 has been keeping the world under a cloud of uncertainty. With all
eyes focused on this pandemic, we nevertheless must not forget that another, silent pandemic
is developing: antimicrobial resistance (AMR). Unfortunately, the COVID-19 could easily
exacerbate the AMR pandemic.   
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What is the relationship between
COVID-19 and AMR? 
The COVID-19 pandemic, as well as AMR, have a direct health impact on people: they get ill, suffer from its
short- and long-term effects, or even die. AMR, on the other hand, is not a disease in itself but makes
various bacterial infections difficult to treat and is considered a pandemic due to its dramatic global scope
(Cars et al., 2021). Both pandemics, the ‘loud’ COVID-19 and the ‘silent’ AMR pandemic, are monitored by
official institutions. Still, for both, significant uncertainties around actual case figures exist, especially
in low-income countries. 

Beginning in China in around December 2019, SARS-CoV-2 spread to the rest of the world within a
few months. Figures collated by the WHO show over 250 million confirmed cases and over 5 million deaths
to date, with excess mortality rates indicating this to be an underestimation. Quantifying the death toll due
to AMR is far more challenging, as disease conditions vary, resistant bacteria go undetected, or the
causative pathogens are not identified in the first place (Giattino et al., 2021).

O’Neill (2014) reported about 700,000 people dying from infections with resistant pathogens every year.
He forecasted that, by 2050, 10 million people per year will die if we don’t change anything. This figure
would represent twice the number of people who died from COVID-19 within the last two years.  In the US
and the EU, according to CDC, antibiotic resistance causes 23,000 and 25,000 deaths per year,
respectively. In Thailand, 38,000 deaths are attributable to ABR. And in India, 58,000+ babies died from
infections with resistant bacteria, usually passed on from their mothers. 

Woerther et al. (2013) note a continuous increase of resistant strains globally. In 2010/11, ESBL carriage
rates of 3 to 20 % were the “norm”, but some WHO regions already showed 60 to 70% carriage rates by
2011. In the US, 223,900 cases of Clostridium difficile occurred in 2017, and at least 12,800 people
died (CDC, 2019). 

As in the case of SARS-CoV-2, the spread of AMR organisms can be prevented by hygiene measures.
Except for hospital settings reported in developed countries, the spread of resistant bacteria is invisible.
Regardless of how little we know about it from official reports, there are indications that bacteria
resistance is ubiquitous, triggered to a large extent by the (over)use of antibiotics in community
settings. Moreover, it is far more difficult to identify that a patient suffers from AMR infection than from
SARS-CoV-2. The latter is easily detected with widespread testing systems, including self-testing.  
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COVID and AMR have severe economic
consequences 
Besides claiming many lives, both COVID and AMR increase the costs for healthcare. Additionally, due to
high sickness ratios and lockdowns, economic losses are tremendous. For COVID as well as for AMR
patients, the hospitals need specialized systems and procedures (ventilation apparatus, extraordinary
hygiene measures) and specially qualified personnel to treat the infected persons. In addition to the cases
of infection, mental illness increases due to these exceptional circumstances. 

US study extrapolates ten-figure costs due to AMR 
In a US cohort study based on records of 25,000 patients from 2007-2015, Nelson et al. (2021a) calculated
the treatment costs for infections with methicillin-resistant Staphylococcus aureus or carbapenem-
resistant Acinetobacter to be $4.6 billion.  

Another study done by Nelson et al. (2021b) with 87,509 elderly patients suffering from infections with the
same resistant pathogens showed estimated costs of $1.9 billion, with 11,852 deaths and 448,224
inpatient days. In these two studies, only two resistant bacteria species were considered – and they alone
triggered costs of more than 4 billion US dollars. 

Estimation of COVID costs shows long-lasting negative
economic impact 
In the case of COVID, an estimation done by Tan-Torres Edejer et al. (2020) yielded $52.45 billion in added
healthcare costs worldwide over four weeks in a status quo scenario. The costs would increase/decrease if
the transmission increases/decrease. More detailed consideration is provided by Cutler and Summers
(2020).   

Category Cost (billions) in USD
Lost GDP 7592

Health loss
• Premature death 4375

• Long-term health impairment 2572
• Mental health impairment 1581

Total 16121
% of annual GDP 90

Estimated Projected health cost of the COVID-19 crisis (Cutler and Summers, 2020)  

Economic losses due to Corona are tremendous –What about losses due to AMR?  

Some of the costs arising during the corona pandemic are partially compensated. New jobs within the
health system, industries providing healthcare materials or developing vaccines/medicine partially cover
the damages caused to the economy.  

Additional to the healthcare costs, costs due to the impact on the economy arise. According
to Maliszewska et al. (2020), financial losses because of the COVID-19 pandemic can be attributed to four
categories: 

the direct impact of a reduction in employment (shutdowns of operations), but also labor1.
shortage due to illness of the personnel 
the increase in costs of international transactions 2.
the sharp drop in travel (caused by travel bans in certain countries) 3.
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the decline in demand for services that require proximity between people (e.g., down periods of4.
restaurants). 

According to a UN (2020) early estimate, the “economic uncertainty it has sparked will likely cost the
global economy $1 trillion in 2020”.  

Comparing the costs for both pandemics, AMR does not seem to be as scary as COVID. However, we are
only at the beginning. AMR figures are constantly increasing. If O’Neill (2014)’s scenario occurs, we
will witness more AMR-caused deaths than deaths from COVID-19, as well as higher costs.  

Antibiotic use promotes the development of resistances 
Antimicrobial resistance is natural; Alexander Fleming mentioned it as early as 1929, soon after
discovering penicillin. Most of the antibiotics are derived from natural substances. Penicillin, for instance, is
produced by a mold fungus. This is why completely isolated cultures such as the Yanomami in Venezuela,
who have never taken antibiotics, can also show resistant bacteria in their gut flora (Lahrtz, 2015). Every
contact with an antibiotic has the potential to promote resistance.

Bacteria develop resistance in different ways 
In a typical situation, an antibiotic has an impact on “good” and “bad” bacteria. One bacterium, due to a
random mutation, can develop resistance to antibiotic treatment. Suddenly, that resistant bacterium has
survived the battle, remains the “king of the castle”, and can use all the space and nutrients to
proliferate. 

Different types of resistance are possible (Levy, 1998). The bacteria can  

stimulate the production of enzymes, modifying or breaking down (and, therefore,
inactivating) the antibiotic 
eliminate access ways for antibiotics or develop pumps discharging the antibiotic before it
takes effect 
change or eliminate the targets of the antibiotics, the molecules they would bind. 

Bacteria spread their ability to resist 
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The problem of antibiotic resistance is not only that one bacterium, due to mutation, can
withstand an antibiotic treatment. The more dangerous possibility is that it can also transfer
this ability to other, potentially more harmful bacteria. How is this transfer achieved? Bacteria can
acquire these mutated “resistance genes” through 

vertical transfer from mother to daughter cells 
the intake of these genes from dead bacteria, which is also possible between different
strains (including between “good” and “bad” ones) 
plasmids transporting the genes from one bacterium to another (horizontal transfer), which is
also possible between strains 
viruses transporting the genes.   

Due to this exchange of resistance genes, harmful bacteria can become resistant because they acquire the
mutated gene and, therefore, the ability to resist antibiotics from a harmless bacterium.  



Enhanced antibiotic resistance due to
COVID-19? 
Just as influenza (Morris et al., 2017), the COVID-19 pandemic is reported to influence the transmission of
bacterial infections and the development of antimicrobial resistance. Several reasons and facts argue for
this statement. 

Bacterial co-infections are often identified on top of viral respiratory infections. These are1.
then the main reasons for higher morbidity and mortality (Mahmoudi, 2020). Also, COVID-19
weakens the immune system of people and paves the way for secondary infections.
This is the reason why, in some cases, COVID-19 patients are given antibiotics prophylactically.
Langford and co-workers (2020) published a summary of different studies concerning this topic,
and other authors confirm this tendency (Garcia-Vidal et al., 2021; Rawson et al.,
2020; Rodríguez-Baños, 2021; Russel et al., 2021). They reported a relatively low incidence of
bacterial co-infections of 3.5% (95% CI 0.4-6.7%) and secondary bacterial
infections of 14.3% (95% CI 9.6-18.9%). However, high use of antibiotics (70%) could be
observed, most of them broad-spectrum antibiotics such as third-generation cephalosporins and
fluoroquinolones (Langford et al., 2020). 
Contrary to influenza patients, who get bacterial secondary infections or co-infections in the2.
community, COVID patients are more likely to get these infections in the hospital. There, the
risk of “catching” a resistant pathogen is higher.  
This risk increases during a pandemic such as COVID simply because more people spend more3.
time in the hospital. The hospital staff is overloaded; often, hygiene compliance is less than
perfect. 
Due to the high number of patients, the determination of bacteria strains is often delayed, and,4.
therefore, doctors more often resort to broad-spectrum antibiotics.  
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Antibiotics in animal production contribute to
AMR development 
In animal production, antibiotics are not only used for the treatment of diseases but also prophylaxis of the
whole herd or growth-promoting purposes. Data collected in the US in 2017 (human) and 2018
(animals) revealed that, in total, nearly 80% of the antibiotics were used in animals. 

Use of antibiotics in animals and humans in the US 2017/18 (according to Benning, 2021) 

Reduction of antibiotics leads to a decrease in
resistances 
A report published by the CDDEP in 2015 showed an earlier example (Dutil, 2010).  When the
3rd generation extended-spectrum cefalosporin (Ceftiofur) was used at the egg stage of broiler chicken
farming in Canada, the prevalence of E. coli and Salmonella strains resistant to this antibiotic increased in
chicken, but also humans. After discontinuing the antibiotics, the resistance dropped by one-half to one-
quarter of the previous year’s value within one year. 

This decrease makes perfect sense. An antibiotic-resistant gene is not worth the organism’s effort if the
associated antibiotic is not used, converting the gene into a negative factor for “fitness”. It only costs
energy and, in the end, disappearance from the microbiome. 

Antibiotic reduction in animals shows first
benefits 
Besides antibiotic stewardship in human medicine (no broad-spectrum antibiotics, targeted use, and only
against bacteria rather than viral diseases), reducing antibiotic use in animal production is vital. The
European Union has already made strides and banned antibiotics as growth promoters in animal
production in 2006. The Netherlands has been leading the way when it comes to a reduction in veterinary
prescribed antibiotics. From 2009 to 2018, antibiotic sales decreased by 70% (de Greeff et al., MARAN
Report, 2020). First decreases of resistance have already be documented, among which: 

no carbapenemase-producing Salmonella in 2019 
only 19 ESBL-producing Salmonella isolates were confirmed, mainly from humans 
the resistance percentage in commensal E. coli (caecal samples) has halved for most antibiotics,
converting into consistently low values during recent years 
no E. coli isolates resistant to extended-spectrum cephalosporins were detected in fecal samples
from farm animals.  
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Preserving the effectiveness of antibiotics
is key  
Various feed supplements can support the animals at different stages of their life in order to reduce
antibiotic use in animal production. In the long run, this will be a game-changer in ensuring that animal
products and the process of animal production itself are not part of the problem. 

Antibiotic reduction has become an increasingly stringent task. In the wake of the COVID-19 pandemic, the
world has gained a renewed awareness of the importance of infectious diseases. We saw how fast progress
in healthcare could suffer setbacks and we were forced to recognize the need for resilient health systems
(Cars, 2021).  

The pandemic can teach us a valuable lesson in this respect. We must realize that it is essential to use
antibiotics further as an effective tool to treat harmful diseases. To that end, we must do everything we
can to keep this weapon sharp. The first step is to reduce antibiotic use in human health, as well as in
livestock production. It will not be an easy way. It is, however, the only effective way in the long run. 
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