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Introduction: The post-antimicrobial world

When the novel coronavirus SARS-CoV-2 started spreading around the world in late 2019 and early 2020, infecting people with Covid-19, we were caught off-guard. It was a new virus: we didn’t know of any drugs that could cure the disease and we had no vaccines to protect against it. Hospitals were overwhelmed with infected patients, and doctors were limited in what they could do to help. The virus spread quickly, causing a global pandemic. The only way to stem the flow was to slow transmission by keeping people away from one another. Families and friends were separated, businesses shut, borders across the globe closed. By early 2022, more than six million people had died of the virus,1 with many more deaths likely caused by indirect effects of the pandemic, such as disruption to health services.

Covid-19 was something we hadn’t seen before and we had no medicines to defend ourselves against it. But it’s not only new pathogens, like SARS-CoV-2, that pose a threat to global human health. Antimicrobial resistance means that existing bugs – ones we perhaps don’t worry too much about – are becoming resistant to the treatments we have come to take for granted, such as antibiotics. As this resistance becomes more common, we could find ourselves in a similar situation: facing infectious diseases with limited treatment options. Our experience under Covid-19 may have given us a glimpse of that future. ‘It shows what the world would be like if we had resistance to all known antibiotics,’ says Jessica Boname, former head of antimicrobial resistance at the UK’s Medical Research Council. ‘We would be in the Covid-19 world.’

Antimicrobial resistance (AMR) occurs when microbes develop resistance to antimicrobial drugs. Today, if we get an infection, we generally expect that we can go to the doctor and get some medicine to treat it. But if the microbes causing the infection are resistant to that medicine, the infection may not go away. We might go on to try another drug, and another, and another, but if the microbes are resistant to those too, we’re back at square one. Microbes that are able to resist multiple antimicrobials are sometimes referred to as ‘superbugs’ – and they can be very difficult to treat.

You might have heard of antibiotic resistance, which refers specifically to bacteria becoming resistant to antibiotics. Antimicrobial resistance is a broader term that covers bacteria but also other microbes such as fungi, parasites and viruses, which can develop resistance to antifungal, antiparasitic and antiviral drugs. Bacterial infections are often the focus of discussions on antimicrobial resistance, as these are where we most rely on antimicrobials, and where resistance therefore poses a particularly grave threat. But drug resistance in other pathogens is also a growing issue.

The stakes are high. If antimicrobial resistance is left to rise unchecked, we may no longer be able to knock out common infections with a simple prescription. Illnesses caused by resistant pathogens will require longer, more costly treatment. In more and more cases, we may not be able to treat a resistant infection at all.

And it’s not just routine infections that will become more dangerous as we lose more antimicrobials from our medical arsenal. Much of modern medicine is built on the assumption that we can easily fight or prevent infection. If this is no longer the case, these foundations start to crumble. Take surgery: antibiotics are given as a preventative measure before and after many operations that have a high risk of infection, such as hip replacements, organ transplants or Caesarean sections. If we can no longer count on antimicrobials being effective, surgery will become much more risky. In some cases, it may be unviable: the risk of getting an untreatable infection will simply be too high. Cancer treatment is also heavily reliant on antimicrobials. Chemotherapy weakens the immune system, making it much more likely for those undergoing treatment to get infections. If our antimicrobials aren’t reliable, chemotherapy becomes more hazardous. Patients could find themselves having to balance the risk posed by their progressing cancer with that of catching a resistant infection. The treatment could become nearly as dangerous as the disease.

We imagine that, with all our scientific and technological advances, medicine can only move forward, but antimicrobial resistance raises the prospect of it plummeting backwards instead. In an extreme scenario, we could enter a post-antimicrobial era, which (aside from some advances in hygiene practices) could look a lot like pre-antimicrobial times. Danilo Lo Fo Wong, regional adviser for the control of antimicrobial resistance at the World Health Organization’s (WHO) Europe office, says that, if antimicrobial resistance is allowed to increase to this extent, then ‘basically the last 70, 80 years of modern medicine will get lost, and we’ll go back to the era before penicillin was discovered’.

What’s more, Boname says, the impact could go beyond human health. Covid-19 only really impacted people, ‘whereas if certain bacteria become completely resistant to treatment, they may well be pathogens which infect animals as well as humans, and we’re in real trouble because we start wiping out animal populations as a food source’.

But antimicrobial resistance isn’t a hypothetical doomsday scenario or a concern for the future; for many, it’s already here. Millions of people experience an antimicrobial-resistant infection every year. Some don’t recover. One recent study estimated that as many as 1.3 million people died directly of bacterial antimicrobial resistance in 2019 – that’s more people than die of HIV or malaria.2 The death rate was highest in West Africa, but no country is immune. The US Centers for Disease Control and Prevention (CDC) reports that more than 2.8 million resistant infections occur in the country every year, with more than 35,000 people dying as a result3 – around the same number as die in road traffic accidents.4

The problem is getting worse. The WHO puts antimicrobial resistance in its top ten threats to global health, right up there with climate change and a global influenza pandemic, and says that ‘antibiotic resistance is rising to dangerously high levels in all parts of the world’.5 The growing threat of antimicrobial resistance has been called a ‘silent pandemic’ and a ‘slow tsunami’. Lo Fo Wong compares it to the flow of molten lava – not a sudden eruption, like the Covid-19 pandemic, but a steady creep that can be deadly where it lands. ‘It’s here,’ he says. ‘And it’s only going in one direction, unless we do something about it.’
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Resistance rising

It was just a UTI. Helen Osment, a fundraiser from Hertfordshire, UK, had had urinary tract infections before, and she knew the symptoms. When she called the doctor with pain, a burning sensation and blood in her urine, they prescribed a course of antibiotics – a few days of nitrofurantoin. That should take care of it. But this time, her UTI didn’t go away. It got worse. The pain was bad and she started feeling feverish and wasn’t able to go to work. As her symptoms failed to improve, she felt uncomfortable and miserable. ‘I think it can affect you mentally when you have one, it can make you feel quite sort of down and low,’ she says.

Her doctor tried another antibiotic, trimethoprim, but the infection remained. Still feeling awful, she asked the doctor for ‘something stronger’, keen to feel better and get back to work. Options were limited by the fact that Osment had been deemed allergic to penicillin as a child, and this was flagged on her records. She was prescribed ciprofloxacin but reacted badly: she felt heart palpitations and pain in her knee, which turned out to be tendinitis, a potential side-effect of the drug. She visited a walk-in centre, where she was told to stop taking it and was put on a longer course of nitrofurantoin. Eventually, after weeks, the infection went away, although it took a while for Osment to fully recover.

It’s a common story, and one that will only become more so as antimicrobial resistance increases. A simple infection – one that usually wouldn’t raise an eyebrow – becomes a bigger problem, as the drugs we assume will be readily effective suddenly aren’t.

For Osment, it was the first of several encounters with antimicrobial resistance. Later, when she was pregnant, she found out she was carrying Group B streptococcus, a common bacterium that is usually harmless to adults but can pose a risk to newborn babies. She was given antibiotics during labour, but due to resistance, on top of her penicillin allergy, the choice was limited. The experience caused her anxiety. ‘It was quite a strong antibiotic that they had to offer, so I was worried about weighing up the risks and benefits,’ she says. Resistance struck again when her baby was six weeks old and she developed mastitis, an infection of breast tissue most common in breastfeeding women. Reluctant to take antibiotics again, she tried to resolve it herself, but as it got worse she was prescribed a course of erythromycin. Her condition deteriorated. Feverish and in so much pain she couldn’t even pick up her baby, she ended up in A&E. ‘I was thinking, oh surely they’ll just give me some more antibiotics,’ she says. ‘I didn’t realise how ill I was.’

The mastitis had formed a large abscess, and Osment had developed sepsis – a life-threatening condition caused by the body’s response to an infection. Luckily, this was caught early, and after being hospitalised and put on a different antibiotic intravenously, she beat the infection and recovered.

Osment’s experiences had a lasting impact. She was anxious about getting ill again. ‘It definitely massively affected my mental health,’ she says. Before she experienced a resistant infection herself, she had been aware that antimicrobial resistance was an issue, but she had never expected to be directly affected. ‘It just goes to show that it can happen to anybody, and things can escalate very quickly,’ she says. She now shares her story through the charity Antibiotic Research UK, to help raise awareness of antimicrobial resistance. (She has also since found out that she is not actually allergic to penicillin, or perhaps has outgrown her allergy; while about 10 per cent of people in the UK and US report having a penicillin allergy – often diagnosed after having a rash as a child – it’s estimated that only around 10 to 20 per cent of these are truly allergic.)1

Osment’s experience is far from unusual, and in many respects she is lucky. It’s hard to know exactly how many people are affected by antimicrobial resistance, and how many end up dying of resistant infections. Some countries have better surveillance and reporting systems than others, and it may not always be possible to tell if antimicrobial resistance has caused someone’s death. After all, antimicrobial resistance is not a disease in itself, but a complication of many possible illnesses.

If it’s hard to estimate the current burden of AMR, it’s even harder to predict what it could be in the future. One influential report led by British economist Jim O’Neill in 2014 suggests that, in a worst-case scenario, 10 million deaths could be attributable to AMR every year by 2050 – more than are currently caused by cancer.2 It may be unlikely we’ll ever see that kind of number, but the message is clear: left unchecked, resistance will only get worse.

So, how did we get here?

The ideal substance

The discovery of the first antibiotic happened by chance. In August 1928, Alexander Fleming, a Scottish researcher working at St Mary’s Hospital in London, went on holiday. On leaving his laboratory, he abandoned some Petri dishes in which he had been growing cultures of Staphylococcus aureus, a bacterium that can cause everything from pimples to meningitis.

When he returned in September, he observed something quite odd. One of the dishes was contaminated with a fungal mould, blue-green in colour.3,4 Around the mould, the bacteria had become transparent and was disintegrating, yet further away from the mould it still thrived. Could it be that the mould was preventing the bacteria from growing, or even killing it?

To experiment, Fleming grew more of the mould on another dish and streaked different bacteria across it. He confirmed that the mould could kill S. aureus, as well as other types of harmful bacteria (although not all). And, crucially, it was not toxic to humans. He named his mould substance penicillin, after the genus of the fungus species, Penicillium notatum.

Initially, the full impact of Fleming’s discovery was not apparent. Penicillin was seen more as a tool for researchers than a useful treatment for patients. Fleming figured that he could use it to help isolate microbes that weren’t susceptible to penicillin; the penicillin would prevent any microbes sensitive to it from growing and leave the others to thrive. ‘Had I been an active clinician I would doubtless have used it more extensively than I did therapeutically,’ he said in his Nobel Lecture in 1945, when he was awarded the Nobel Prize in Physiology or Medicine for his work. ‘As it was, when I had some active penicillin I had great difficulty in finding a suitable patient for its trial, and owing to its instability there was generally no supply of penicillin if a suitable case turned up.’5

But other researchers – most notably Ernst Chain and Howard Florey, who shared the Nobel Prize with Fleming – were able to purify penicillin and turn it into a pharmaceutical that could be mass-produced. Today, it’s hard to overstate the impact of Fleming’s discovery on the history of medicine. Here was a drug that could kill bacteria responsible for some of our most common ailments. We still use various different kinds of penicillin antibiotics to treat bacterial infections of the ear, throat and skin, as well as pneumonia, anthrax, diphtheria, syphilis and more. Fleming’s breakthrough opened the floodgates to the discovery of all kinds of antibiotics to target different harmful bacteria, as well as other antimicrobials to fight infections caused by different types of pathogens.

Reflecting in his 1945 lecture on a visit he had made to large penicillin factories in the US, Fleming said that it was ‘of especial interest’ to him to see how his simple observation had developed into such a large industry, and ‘how what everyone at one time thought was merely one of my toys had by purification become the nearest approach to the ideal substance for curing many of our common infections’.6

An ideal substance it was; in some ways too ideal, because while antibiotics were able to treat infections, some of which would otherwise be fatal, they came with a catch. The more bacteria are exposed to antibiotics, the more pressure they face to become resistant to those antibiotics – meaning that greater antibiotic use leads to greater resistance. And suddenly they were being used everywhere.

The bacterial arms race

To understand how bacteria become resistant to antibiotics, you need to know a little bit about how they work. Bacteria aren’t bad; in fact, we need them to survive. There are trillions of microbes living on and in our bodies, many of them doing useful things like helping us to digest food and keeping us healthy by fending off other microbes that could cause us harm. In fact, there are around as many bacterial cells in and on you right now as there are human cells.7 But problems arise when the wrong bacteria get in the
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