

 





Author’s note

Scattered throughout this book are dramatic examples of people receiving or seeking experimental medical treatments with viruses. These are not intended to represent, nor should they be read as, a body of evidence for the efficacy of these treatments. They are included to help demonstrate what patients and doctors must resort to when our existing antibiotics fail, and why the development of a modern, safe and clinically proven version of these strange and controversial treatments is so desperately needed.
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Something in the water

Starting in the fresh, still air of the western Himalayas and washing into the hot, tiger-filled mangrove swamps of Bangladesh, the Ganges rushes and rolls and ripples through the towns and cities of northwest India, one of the most densely populated regions of the world. The river throngs with life, death and everything in-between. As well as being home to dolphins, otters, turtles, fish and gharials, the 2,500km river is thought to support a whopping 11% of all the people on the planet. Every twelve years, tens of millions of pilgrims congregate in the towns of Allahabad and Haridwar to bathe together for the Kumbh Mela, the world’s largest religious festival and possibly the largest gathering of humanity on the planet.

The Ganges is also buzzing with some of Earth’s most dangerous bacterial life. Its water contains up to ten times more faecal bacteria than the Indian authorities’ ‘safe limit’ and frighteningly high levels of pathogens that are resistant to antibiotic drugs.9 Despite this, the river has long been believed to be capable of healing the sick and even to be somehow self-purifying. In the Hindu faith, the Ma Ganga, or the mother Ganges, is a divine entity formed from the Milky Way, flowing from heaven to cleanse humanity of its sins.

As well as discarded idols, flowers, food waste and the ubiquitous plastic trash that appears around all modern humans, the pewter-coloured river flushes out all manner of waste from the vast region around it: millions of tonnes of sewage and wastewater; dyes and solvents from tanneries and garment factories, fertilisers from nearby farms; animal dung, animal offal and animal carcasses; debris from endless construction and demolition and human remains.

In the holy city of Varanasi, piles of smoking ash from funeral pyres burning twenty-four hours a day wash off the banks of the river. During the peak of the COVID-19 pandemic, in 2020, hundreds of partially cremated bodies could be seen bobbing down the Ganges, and many more sank into its sandy banks. Surely, even a holy river must have a limit to what it can purify?

Yet, somehow, the Ganges’ association with cleansing and healing remains. Many swear that bathing in its water helps cure, not cause, infectious diseases. In the nineteenth century, it was observed that when epidemics of infectious diseases like cholera broke out around the Ganges, they often didn’t spread downstream, as would be expected at places where wastewater and sewage enters the water regularly. Why? What could possibly be in the water of this famous river that could counteract the effect of trillions of hideous bugs finding their way into it daily?
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In 1892, an English scientist called Ernest Hanbury Hankin set sail for India. With the tips of his twirled moustache extended as wide as his ears, the Cambridge microbiologist intended to study cholera and other infectious diseases in the country. It was an era in which such illnesses were still believed by many to be spread by ‘miasmas’ or putrid air, and Hankin’s subsequent suggestion to boil dirty drinking water to help prevent illness was viewed as a rather novel idea.

After conducting a series of tests on water from the Ganges, Hankin found something extraordinary. Water from the river did indeed seem to have an antibiotic effect, killing cultures of the water-borne bacteria, Vibrio cholerae, that causes cholera. Hankin noted: ‘the unboiled water of the Ganges kills the cholera germ in less than three hours. The same water, when boiled, does not have the same effect.’10 There was some invisible essence in the murky waters of the Ganges that seemed to be helping limit the spread of cholera in the region.

Hankin’s observation, published in the annals of the famous Pasteur Institute in 1896, is thought to be the first description in print of what was probably the bactericidal action of phages.

It has since been found that the Ganges’ extraordinary abundance of bacteria encourages a similarly extraordinary abundance of the viruses that prey on them, and that epidemics of cholera are closely linked to bacteriophage numbers.11 When phage numbers are low, the Vibrio cholerae bacteria start to proliferate, causing outbreaks of disease. With lots of hosts available to replicate in, the phages then explode in number, causing the epidemic to collapse as the phages start to wipe the bacteria out. Then, with all their hosts gone, phage numbers fall again, starting the cycle anew.

In 2016, Indian scientists studying the river found there were phages capable of destroying human pathogens even at the Ganges’ source, high up in the Himalayas and far from human activity.12 Here, in a special region known as Gomukh, melting permafrost gathers from a trickle to a stream to a gushing torrent, and the Ganges begins its epic journey seawards. The authors of the study suggest viruses released from this ancient sediment could be the ‘seed’ that gives the Ganges its especially high levels of phage – and its revered healing properties. That, and the vast amount of our murky wastewater and sewage – packed with phages – that has flowed into the river each day for thousands of years. The Ganges’ holiness is, as the scholar Rijul Kochhar puts it, a result of the remarkable confluence of ‘faith, filth and phage’.13

After Hankin’s remarkable findings in India, a variety of scientists witnessed similar phenomena elsewhere. In what has been called the ‘prehistory’ of phage science, scholars have identified up to thirty scientific observations from the nineteenth and early twentieth century that may be unknowingly describing phages killing bacteria.14 A few years after Hankin, for example, a Ukrainian bacteriologist called Nikolay Gamaleya published an article in which he described an unknown agent, produced in a dying culture of anthrax bacteria (Bacillus anthracis), which seemed able to destroy other cultures of the same bacteria.15

Countless microbiologists throughout history may have observed cultures of bacteria that suddenly died, or grew patchily during their work, and many would have put it down to a failure of their technique or simply the vagaries of working with microbes. (And maybe cheesemakers, brewers and any number of people throughout history who worked with microbes too.) Few would have considered that a bacterial virus may be responsible. In Hankin’s time, virtually nothing was known about what viruses were or how they caused disease, and they were of course far too small to be seen with even the most powerful microscopes of the era.

The term ‘virus’ derives from a rather vague Latin term with meanings including ‘poison’, ‘sap of plants’, ‘slimy liquid’, and ‘a potent juice’, and the Romans used the term for everything from snakes’ venom to semen. In Middle English, the word increasingly came to mean a putrid substance that might spread disease. ‘A kind of watery stinking Matter, which issues out of Ulcers, being endued with eating and malignant Qualities’ is a rather fun definition from a dictionary in 1770.16

In the nineteenth century, the pioneers of vaccination, Edward Jenner and Louis Pasteur, realised that for infectious diseases without a bacterial cause there might be a pathogen present that was far too small to detect. They developed vaccines against viral infections but still did not really understand the nature of the infectious agents themselves.

By the 1890s, two scientists, the Russian Dmitri Ivanovsky and Dutch Martinus Beijerinck, had independently deduced that a disease of plants – known as tobacco mosaic disease – was caused by an infectious agent smaller than a bacterium. They took water from plants infected with the disease and put it through what is known as a Chamberlain Filter – a chamber where water is forced through the ultra-fine pores of unglazed porcelain under pressure. This filter could remove even the smallest bacteria from a liquid. Ivanovsky and Beijerinck showed that the filtered and apparently microbe-free water could still cause tobacco mosaic disease when sprayed on plants. Beijerinck called this Contagium vivum fluidum, essentially classifying it as a ‘contagious life form with the properties of a liquid’. Aside from this work, nobody knew what viruses were. Even as the twentieth century dawned, the term ‘virus’ was still generally used to describe an infectious disease with a cause that could not be seen or explained.

Then, in the mid-1910s, our understanding of viruses took a dramatic turn. Phages – having gone unseen for the whole of human history – suddenly appeared in visible form to two different scientists, in two different countries, at almost exactly the same time, scorching perfect little holes in plates of bacteria like smoke signals rising from the world of the small. It would start an almost unprecedented period of scientific bickering that would go on for several decades.
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Desperation grows

Susanne de Goeij lives in a bright apartment in Amsterdam, full of colourful vases, trinkets and her young daughter’s toys. With rosy cheeks and tousled, rich auburn hair, she looks a picture of health and happiness. But de Goeij’s loose, casual clothes hide a painful problem. She has a skin condition known as hidradenitis suppurativa, or HS, caused by an overproduction of keratin, the fibrous protein that forms the structural base of our skin, hair and nails. The excess keratin gathers and pools in her hair follicles, forming what de Goeij describes as ‘cement’. The hardened follicles swell up – often, particularly cruelly, on certain sensitive areas of the body, such as the groin, armpits and under the breasts and buttocks. Eventually, these follicles rupture, tearing open a wound from the deep skin to the surface. HS sufferers tend to have an unusual bacterial microbiome, and the wounds become infected and inflamed in a way that resists treatment. Each flare-up can feel like being sliced with a knife, and the pits and craters across De Goeij’s back map the painful history of every single one.

De Goeij posts regular video blogs about her HS, sometimes in front of the planet wallpaper in her young daughter’s room, sometimes while walking through her leafy local neighbourhood to her latest appointment. Her Dutch accent adds playful notes to English sentences, and de Goeij sounds happy, whether her update is good news or bad. Like most HS sufferers, she has tried many, many courses of different antibiotics, which tend to have anti-inflammatory effects for just a short while, before the effect fades and eventually stops. She has tried steroids, but they cause side-effects that mean they can’t be taken long-term. Other treatments, which suppress inflammation by suppressing her entire immune system, she feels are too dangerous. ‘I have a family. I’m not going to put my life on the line for this,’ she says in her high, jovial voice.

The last resort for severe HS is surgery, to simply cut the areas containing swollen hair follicles out of the skin. But this is only really an option for those whose lumps are concentrated in a certain area, like around an armpit. De Goeij’s cover half of her body. ‘Every time they operate on some place, another one will just pop up on a totally different spot,’ she says.

After years of failed treatments, de Goeij came across the high-profile story of Tom Patterson and Steffanie Strathdee, articles about phage therapy and the Eliava Institute’s website. After researching the concept and making enquiries, she ended up crowd-funding the 8,000 euros needed for diagnosis, treatment, accommodation and the nine-hour flight to Tbilisi. With the Georgian capital then still regarded as a difficult place to reach and navigate, de Goeij used a ‘patient advocate’ in the Netherlands – a kind of phage therapy fixer who receives commission from the institute – to help organise the trip and liaise with the Georgian doctors. With abscesses on her buttocks, she endured agonising taxi trips across the city’s gridlocked roads each day, and she now realises she could have found a cheaper hotel herself five minutes’ walk from the institute.

De Goeij is just one of the ever-growing number of people now desperate for access to phages and phage therapy. The explosion of interest in it in recent years has arguably worsened the situation, with hundreds of articles just a few clicks away lauding the exciting potential of phages to save us from drug-resistant infections, yet just a few clinics are actually able to provide them – many of them only to people with the most dire prognoses. Although several clinical trials are underway for various infections in the US and Europe – from septic wounds to urinary tract infections – the patients eligible to be enrolled in these trials represent just a tiny fraction of patients out there suffering from chronic, untreatable, and sometimes terminal infections.

In Poland, which also has a long history of using phage therapy, the Phage Therapy Unit of the Hirszfeld Institute of Immunology and Experimental Therapy offers phage therapy for people who can get to its clinics in Wroclaw, Cracow or Czestochowa. The way they operate has become more limited since Poland joined the EU, and the criteria for determining which patients they accept is strict: they only treat patients with certain infections involving certain bacteria. With a lower profile and fewer international connections, even fewer people seem to know about phage therapy in Poland than phage therapy in Georgia. An expensive and complex trip to Tbilisi remains the only option for many wanting to try phage therapy.

What de Goeij found when she arrived in the city was, she says, ‘behind in many ways’. Accustomed to using the latest silicon foam bandages, the clinicians used strips of gauze that you might find in an ancient first-aid kit. They took blood samples ‘the old fashioned way’ with a big syringe rather than a small finger prick. And she was to be treated in an old gynaecologist’s chair, ‘my feet in iron’.

‘It was just a really weird experience,’ she says, with admirable humour. ‘I was lying completely naked on this very old gynaecologist’s chair and there were three Georgian doctors and a nurse standing looking directly at my vagina and talking, all without a word of English.’ Facilities and language-barriers aside, de Goeij found the doctors’ understanding of her condition to be excellent. As well as treating her HS, for good measure they gave her probiotic phages to help with a previously undiagnosed intestinal problem they believed she had. The trip and the treatment worked – her sores began to close up soon after her visit and her HS went into an unprecedented remission for three months. One of the institute’s commercially available phage products had proven effective, so there was no need for a custom phage cocktail to be made specifically for her. Back in the Netherlands, she saved up for another pack of the phages to be sent to her so she could continue her treatment herself.

The Dutch postal service and government had other ideas, however. If Goeij attempts to get a parcel of Georgian phages shipped to her in Amsterdam, they will be seized and destroyed. Under EU rules, all medicines being shipped for use within Europe must be tested and approved by the European Medicines Agency (EMA). Even if the EU’s stance on phage therapy changes, the EMA is unlikely to ever approve the complex mixtures of viruses made in Georgia – it is just too difficult to be sure what exactly is in them.

‘They hold phages to the same standards as normal medicine, but it’s not normal medicine,’ argues de Goeij. ‘As soon as the bacteria changes, the phage changes with it – this is its power.’
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There are countless others who have endured long waits, difficult trips and bureaucratic challenges to access what they see as the only option for their chronic illnesses. Pranav Johri, after suffering the agony of a bacterial inflammation of his prostate gland for a year and a half, became the first ever patient from India treated at the Eliava Institute. He found it so difficult to get clear information on the subject and access to the therapy, that he and his wife, Apurva, have set up a company, Vitalis, in New Delhi,43 specifically to help facilitate access to the treatment for patients in India. They have helped guide people through the Georgian phage therapy system – such is the demand for the service that they are now helping clients not just from India but the UK and Australia too.

A phage therapy clinic specifically for foreign patients has been operating in Tbilisi since 2005. The clinic’s director, Dr Zemphira Alavidze, a charismatic semi-retired octogenarian who worked as a senior scientist in the Eliava Institute’s phage biology department for fifty years, tells me of the many minor miracles they have performed on hundreds of people arriving in terrible states following years of failed courses of antibiotics, even during the COVID-19 pandemic. With the clinic’s twenty-year-old website, and its inconspicuous brown metal door in a suburb in the far west of Tbilisi, it is not the kind of place that inspires confidence in your healthcare.

A new phage therapy treatment centre was added to the Eliava Institute in 2012, which can handle another few hundred foreign patients a year, and the institute now offers a remote service, where bacterial samples can be sent to their labs and suitable phages sent back. But as the demand for access to phage therapy grows, people are increasingly resorting to buying phages from pharmaceutical or even veterinary websites, and some are even trying to isolate and purify phages themselves. On a Facebook group called ‘the Phage Page’, scientists post links on the latest news about phages, but patients also share tips on how to get hold of phage products, including buying them from online marketplaces like eBay, or Europhages.com, a strange comic sans-strewn website that instructs people how to buy phages direct from foreign pharmacies. (‘To find a Russian Pharmacy selling bacteriophage, click here, then copy and paste the word ‘бактериофаг’ (bacteriofag) in the search field,’ it says.)

It’s desperate stuff. The websites list places to buy phages in Russia, Georgia, Ukraine, the Czech Republic and Austria, with no detail on what viruses are actually in the mixtures. Beneath the article are dozens of heartbreaking comments:

 

‘Hello. I am looking for matches for the following: Periodontitis and Lyme disease’ . . .

 

‘Can this eliminate enterococcus from my prostate?’

 

A man posting under the name Mr Chestnut, Sales Manager invites people to visit a website selling phages approved for animal use only.

Members of staff from the Eliava Institute post messages on the group page urging people not to try and source phages through these routes – ‘the phages are not prescribed properly, the sensitivity test is not done and a doctor is not involved,’ one comments. ‘We are also unaware of how the phages they provide are kept and transported.’ Even Betty Kutter, the grandmother of all things phage, chimes in to try and direct people to the few reputable routes to treatment available. But for many people, the prices charged by the Eliava Institute, even for its remote service, are just too high, and the service just too slow.

Even if things improve, scientists at the Eliava Institute or the Hirszfeld Institute in Poland, or a few naturopaths in the US – cannot treat every person in the world with a drug-resistant infection. The number of people waiting for access to such treatments grows ever larger.

In writing this book, almost every phage researcher I’ve spoken to – even those only distantly related to medical research – told me that they have received harrowing emails from the desperately ill and dying – emails that they can do little about. Some patients have been receiving a carousel of different antibiotic treatments for decades, only slowing the infection but not clearing it, with terrible knock-on effects as the bacteria they need to stay healthy are wiped out instead. One Australian researcher, Dr Jeremy Barr, has launched a project to study the testimony of antimicrobial resistance survivors, after receiving a message from a patient who planned to take their own life rather than go on suffering the daily pain and discomfort of a chronic infection.

With phage therapy still far from the mainstream, many of the world’s pioneers in this field are professors and lecturers and doctors trying to push it forward on top of other research or caseloads, helping with phage therapy inquiries where they can in a voluntary or unpaid role, and occasionally dropping their plans to look for phages in their collections that might help a patient on the other side of the world.

De Goeij is eagerly awaiting her latest shipment from Georgia, albeit one that she must collect via Belgium, whose government has made a special exemption for therapeutic phages from the EU regulations. In the US, the FDA has also recently banned the import of Georgian and Russian phages.

‘I think it is stupid of EMA not to step in and rethink this now, especially with antibiotic resistance on the rise,’ she says, sounding less jovial. Three months’ worth of phages – which she takes orally and rubs onto sores if they emerge – costs her over 2,000 euros. The Dutch health insurance system does not recognise packages of viruses made in Georgia as legitimate medical treatment and will only fund such treatment when there has been long-term, double-blind clinical trials for this particular disorder.

‘That’s going to take many years,’ says de Goeij with an exasperated laugh.
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Even more worryingly for people like de Goeij, the few research groups who have managed to test phage therapy in double-blind clinical trials have struggled to prove decisively that it is effective. There are many reasons why phage therapy does not fit easily into the traditional clinical trial, the first being that trials traditionally cannot begin until regulators see an exact and stable chemical formula for the drug being tested. Phage-based medicines, of course, often contain one or many different types of active and evolving virus, sometimes made bespoke for each and every patient, and they sometimes need to be changed during the course of the treatment if the bacteria develop resistance to them.

In a large-scale trial involving many patients, ‘cocktails’ of phages with many different types of phages included could be used to help ensure the same treatment works on a variety of patients and their slightly different bacterial strains; but the addition of multiple viruses only adds to the headache of getting regulatory approval. On the other hand, using a single phage strain is easier for regulators to assess and approve for the trial, but the likelihood it will work on different strains of bacteria in different patients in the trial is low, and the chance the bacteria will become resistant to it becomes much higher.

There are many, many other issues to work through: even if a mix of phages is made that regulators are happy with, the concentration of viable phages in it, known as its ‘titre’, can degrade quickly before a trial is completed, and phages can fall apart if administered into parts of the body with a pH or temperatures they aren’t used to. Then there is the unpredictable nature of the body’s immune response: in some animal studies the body seems to produce antibodies to neutralise the phages as if they are a threat; in others, the body rapidly excretes the phages from the bloodstream. These effects are likely to be different with different phages in different people. And what about dose? With a self-replicating entity that may or may not be cleared rapidly by the body, knowing exactly what dose to provide so there is a good amount of phages circulating around the site of infection is something of a guessing game. Regulators who assess the design of clinical trials do not like guessing games.

What’s more, if a phage therapy project does get to the point of being tested, then traditionally ‘phase I’ of a clinical trial involves giving the treatment to healthy individuals, to test the safety of it. Given that healthy recipients will not have a bacterial infection, the phages do not replicate in the body as they would do during a real case, and so the resulting safety data is of barely any use at all.

Then there is the thorny issue of money: clinical trials are expensive, and traditionally pharmaceutical companies take the burden of the expense in the hope of reaping profits from the drugs that are proven to be safe and effective. In phage therapy, what is the product, exactly? Phages found in nature cannot be patented, and therefore are of no interest to a commercial company, as many who have tried to attract investment for phage medical products will attest. Genetically engineered phages could be patented, but to develop a genetically engineered phage that works across lots of different strains of bacteria and different patients would take great investment, as Harlingten and Honour discovered when they attempted to do it in Seattle. That kind of interest and investment isn’t going to come until there is more convincing data. It’s a vicious circle.

Reviews of decades’ worth of work in the former Soviet Union, and a growing number of compassionate-use cases in the West, all strongly suggest that phage therapy can be safe and that it is often successful. Phages are increasingly being used to control bacteria in industrial situations, and phage therapy has been deployed to help save a variety of animals from deadly bacterial infections, including livestock,44 bees,45 leatherhead turtles,46 pet cats, dogs and reptiles,47 and even the silk worms that produce the extremely sought-after Muga silk.48 But agonisingly, trying to replicate this highly bespoke form of treatment within the rigid confines of a large, controlled study involving lots of patients treated together has so far failed to capture any significantly positive effects.

Decades after phage therapy was supposedly ‘rediscovered’ by Western medicine in the late 1990s, still just a few small research groups and pharmaceutical companies have been able to test the concept in modern clinical studies. Most have failed or been abandoned. In 2009, a pilot study of phage therapy for persistent ear infections showed promising results,49 but the manufacturers decided not to invest in further trials, fearing that their product was unpatentable – again, because the phages were essentially unmodified from their natural state. The same year, Alexander Sulakvelidze’s company Intralytix tested a mixed phage product for leg ulcers, targeting three pathogens at once in an attempt to make a product with a broad enough range of action to be of interest to investors – but it was found to be no better than placebo.50 Several studies of phage cocktails to treat diarrhoea in children in Bangladesh in the 2010s saw no beneficial effect; probably because the phages being tested were not relevant to the local strains of bacteria in that particular location at that time.51 And a scientist from a UK start-up that in 2010 made a pharmaceutical-grade phage product for ‘nasal decolonisation’ – that is, completely ridding the nose of bugs like Staphylococcus before surgery to help prevent infection of surgical wounds – told me ‘we realised at some point that we had enough money to make another batch of phages, or do a clinical trial. But not both.’

In 2013, the European Commission announced it would be funding one of the largest trials of phage therapy in Europe since the 1930s, but it soon ran into familiar problems. With almost four million euros in funding, the ‘Phagoburn’ trial52 was set to test phage cocktails for the treatment of infected burns, and was to involve several research groups, the French Ministry of Defence, and hundreds of patients from eleven military and civilian hospitals across France, Switzerland and Belgium. A French pharmaceutical company, Pherecydes Pharma, would find and develop two cocktails of phages isolated from the extremely fruity sewers running below Parisian hospitals, one targeting E.coli and one Pseudomonas aeruginosa.

However, the study hit two major snags soon after launching. First, doctors could not find nearly enough patients with the exact infections they wanted to test – most patients’ burns were infected with more than one bacterial species, making them ineligible for the study. After looking for six months, only fifteen patients with pure P. aeruginosa infections were found; just one had a burn infected solely with E.coli. Second, the French medicines regulator, the National Agency for the Safety of Medicines and Health Products (ASNM), then ruled that Pherecydes Pharma must demonstrate that their cocktails of phages were of pharmaceutical-grade purity and stability: a standard requirement for assessing medicines containing one or two active chemical ingredients, but an extraordinarily difficult task when working with a mixture of living viruses that have been dredged from a sewer and liberated from concentrated bacterial cells. After delays caused by this and other regulatory challenges, there was not enough time to recruit a decent number of patients; the concentration of viable viruses in the phage cocktail was found to have significantly decreased, and the low dose helped bacteria develop resistance to the phages. Nightmare.
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Arriving in Tbilisi now, there are few signs of the economic and political trouble of past decades. Although the Soviet-era tower blocks scattered on the slopes around the city look shabby and imposing, the capital is clean, modern and vibrant. White hybrid taxis hustle through six-lane highways and up and down the capital’s steep winding streets, and on the wide, tree-lined avenues in the city centre, teenagers on e-scooters whizz past boutique shops, trendy cafes and casinos. The river Mtkvari, where George Eliava first found phages a hundred years ago, is now lined with gleaming municipal buildings and dramatic post-Soviet architecture, including an unfinished concert hall that looks like a giant piece of metal tubing has fallen from the sky.

As the Eliava Institute celebrates the one hundred and thirtieth anniversary of George Eliava’s birth, the world seems once again to be forgetting the expertise and experience here in Tbilisi. Just one clinical trial has been conducted in Tbilisi, a collaboration with Swiss scientists from the University of Zurich and scientists from the Georgian National Urology Centre.53 The trial failed to prove that the phage treatment was any better than standard antibiotic treatment or even placebo, although it did quite comprehensively prove that the administration of the Georgian phage mixtures was safe, at least. Nina Chanishvili tells me that the trial methodology was designed by her European collaborators and bore little resemblance to how doctors normally treat patients in Georgia. The Swiss team, having proven that phages are at least safe to use, are now working on new trials with their own phages and a large EU grant, but without the involvement of scientists in Georgia.

Despite the renewed interest in phage therapy around the world, and a steady stream of patients arriving to the Eliava Institute’s clinic and pharmacy, the main research institute seems eerily quiet when I visit. Chanishvili, the head of research at this famed and storied place, says she currently has no research grant. Her latest research on phage therapy for treating asthma has come to an end, but she must wait for nine months to hear if the Eliava Foundation, which controls the confusing mix of research organisations and spin-off companies here, will provide a new round of funding for research.

Despite her expertise, she tells me that she is rarely contacted to help with cases or research pilots in other countries. A large section of the institute remains in the hands of a separate private phage production company, a legacy of when the manufacturing facilities here were privatised after the fall of the Soviet Union, and Chanishvili points to the mass of gleaming silver vents and pipes that have suddenly sprung out of the back of the building as the company attempts to manufacture phages according to Western GMP standards. ‘They are the competition now,’ she says, only half-joking.

Between 2012 and 2019, clinics in Tbilisi treated over 10,000 patients, over 1,500 of them foreign, from 71 different countries. A recent review found that generally speaking, less than a quarter of patients treated with customised phage treatments for infections with Klebsiella oxytoca, Klebsiella pneumoniae, E.coli, and P. aeruginosa suffered a recurrence of their infection.54 Where infections recurred, the bacteria were often found to be resensitised to antibiotics, a result of the bacteria prioritising adaptations to prevent phages attacks at the cost of adaptations that help them fend off antibiotics. The institute continues to develop treatments for conditions never treated with phages before, such as Netherton syndrome, a rare hereditary disorder where babies are born with a strange membrane-like layer over their skin that causes recurrent skin infections.

But their successes still don’t register with health organisations and investors wanting to see large, double-blind, placebo-controlled clinical trials, and they do not have the equipment to perform extensive DNA-sequencing of the bacteria and phages they work with, as is increasingly expected during microbiological studies elsewhere in the world. The Georgian phage mixtures and methods remain too variable and imprecise to be used or replicated overseas, so attempts to integrate their expertise into the strict Western clinical trial pipeline have proved expensive and unsuccessful. In Poland, another hotspot for phage expertise and research, a lack of funding has prevented any rigorous testing of their treatments too.

In recent years, Russia has also expanded its use of phage therapy, with millions of packets of phage products sold through the Russian pharmacological giant Microgen each year, and phages re-added to national clinical guidelines for antimicrobial therapy. It is even said that packets of phages are included in the healthcare regimen of Russian cosmonauts. But the country has once again become a global pariah thanks to Vladimir Putin’s invasion of Ukraine, and calls to ban Russian scientists from publishing in major Western journals means any interesting developments there could once again be hidden from the rest of the world.

For now, patients are still coming to the Eliava Institute from countries all across the world, and the institute is still struggling to find the funds to modernise their facilities. The Georgians are a notoriously hospitable bunch, but I sense they are tired of telling the world what they can do. People are still ‘discovering’ the little-known Soviet treatment almost twenty-five years after journalists first reported from the Eliava Institute. Chanishvili has met countless journalists before me, and isn’t hugely optimistic that the narrative will change any time soon. ‘They are all still making the same article, the same documentary,’ she says dryly.
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The third age of phage?

Rising up to the north of the French city of Lyon is the historic neighbourhood of Croix-Rousse, famed for its beautiful jumble of old labourers’ dwellings and bistros painted in pastel shades of pink, orange and brown. Within this UNESCO world heritage site sits the rather less beautiful Hôpital de la Croix-Rousse, a sprawling medical campus made up of a mishmash of buildings, some of which look like grand old railway stations or hillside villas, and some of which look like multi-storey carparks. Here, behind the square concrete walls of Block H, I speak to patients with some of the most agonising and complex healthcare problems I have ever written about. But also, in Block H, a steady stream of patients are receiving phage therapy, performed as part of a carefully planned evidence-gathering study and supported by modern molecular and genetic technologies.

On top of terrible accidents and failed surgeries, these patients have suffered years and sometimes decades of recurrent infections, loss of mobility, open wounds, endless courses of antibiotics – and by the time they end up here, the spectre of amputation. Categorised as ‘dead-end’ cases by the doctors treating them, they come from all over France to see Dr Tristan Ferry, a specialist in bone and joint infections who will try to decide what, if anything, can be done to save their limbs. With thin-framed glasses perched over a blue mask, and grey hair spiked up slightly off his forehead, Ferry shows me pictures on his phone of some of his recent cases. Under the cruel light of an operating theatre, their battered flesh looks not unlike the various saucissons hanging in butchers’ windows all over this ancient city.

Ferry’s colleagues have begun to call his office the ‘Musée de Ferry’, or the Ferry Museum. On the bookshelves there is a beautiful old copy of Arrowsmith, the book inspired by the strange, conflicted career of Felix d’Herelle; a laminated print of an advert for d’Herelle’s Bacté-Instesti-phage and Bacté-Coli-phage products made by his commercial lab in Paris; and several vials of Georgian and Russian phages sitting proudly alongside their original packaging. Ferry has become obsessed with understanding the viruses that he has started to use most weeks on patients in his clinic.

By his desk, in a polystyrene package, sits a giant bronze medallion of Professor Paul Sedallion, a doctor Ferry has discovered used phages on patients at this very hospital from the late 1950s until at least the 1970s, at a time when conventional narratives would suggest interest in this treatment in Europe was almost non-existent. Sedallion’s entry in the Journal de Médicine de Lyon shows he was treating infections with resistance to antibiotics as long ago as 1959 – and was even ‘training’ his phages to be more aggressive against the bacteria. By the 1970s at least seventy patients a year with stubborn infections were being treated with phages, most likely found and cultivated from the wastewater of the hospital itself.

In Lyon, Ferry is leading efforts to establish modern protocols and systems to treat patients with phages not just in France, but, he hopes, across Europe. Good viruses can still be found in the sewers and beautiful rivers of Lyon, but things are a little different now to when Sedallion did his experiments here some fifty years ago. There are both the French and the European Union’s stringent regulations to consider. To be accepted for use, even in ‘dead-end’ cases like those in Block H, the phages Ferry uses must be highly scrutinised first and be of super-high purity. This involves, at the very least, having their DNA sequenced and checked for toxic genes and going through the same extremely strict purification and quality control tests that have thwarted previous attempts to study phages.

In a shabby, virtually windowless basement on the other side of Lyon, a group of pharmacists collaborating with Ferry are starting to work out how they might create a library of well-studied and super-pure phages approved by regulators and ready for use.

‘We have thirty years’ experience working with chemicals,’ says assistant pharmacist Camille Merienne, handing me the scrubs and shoe covers I’ll need to enter the ultra-clean medicine production zone. ‘But phages are completely different.’

Here, with strict decontamination procedures and pressurised rooms, specialist pharmacists prepare medicines for patients across the city’s hospitals. Rooms used for pharmaceutical manufacture are normally high pressure, to ensure any contaminants flow out of the room not in; but in the case of phages, pharmacists must work in a low-pressure room to ensure the viruses don’t escape – a ‘biocontrol’ measure required by law even though the phages are harmless to humans. In a lab back at the hospital, biomedical researchers show me Excel spreadsheets with information on the tens of thousands of genes in the phages they are working with: the vast majority are marked ‘unknown’ – genes which nobody has ever studied and so nobody has any idea what they might do. Regulators do not like unknowns.

Ferry has had to strike a delicate balance: encouraging France’s only commercial phage producer, Pherecydes Pharma, to continue making the expensive, highly purified and screened pharmaceutical-grade phages that he can use for his patients, while also developing the same capacity in the hospital’s non-profit pharmacy too. The agreement is, for now, that in every case he sees he will first check if Pherecydes’ strains work first, before then calling on larger academic biobanks of phages, which his colleagues in the pharmacy can try to purify to the French regulator’s exacting standards.

I ask him if he ever uses the Georgian and Russian phage products that sit on the shelves of his mini museum. ‘No,’ he says, grabbing one of the vials of liquid on his shelf. ‘Phages are not meant to be yellow,’ he says with a smile visible in his eyes above his mask.

Ferry, just like de Geoij, cannot use these products legally, despite them being readily available over the counter in Georgia and Russia, because it is impossible to tell the French authorities exactly what is in each batch. (The joke among phage scientists is that for the Russian phages in particular, even the products’ manufacturer, the pharmaceutical giant Microgen, can’t tell you what phages are in them. Or as one British expert tells me: ‘they take all the viruses that infect a particular host and lob them in . . . it kind of works’.)

It currently takes Ferry several weeks to get the phages he needs, and some particularly difficult cases involve calls to phage researchers all across Europe and the Caucasus to find a match. Like Tom Patterson’s remarkable case, which brought together experts from Russian biologists to the US Navy, treatments with phages too often still rely on a network of good-natured scientists putting in hours of work looking for phage matches at the bench for free.

As we speak, Ferry is eagerly awaiting a decision by the EMA on how it will classify phage-based medicines. Scientists in Belgium have managed to persuade their national regulators to treat phage products as ‘magistral preparations’ – essentially pharmaceutical concoctions made bespoke for each patient that are the subject of less regulation than marketable drugs. (Known as ‘compounding’ in the US, magistral preparations may be used to blend existing medicines, adjust the strength, make a pill into a cream, adjust the flavour, etc.) If the EMA creates a similar regulatory framework to Belgium, classifying each phage-based treatment as a magistral medicine rather than a new drug, it will make the administration of phages much easier across Europe. If not, it will mean anyone hoping to use and commercialise phage products must go through the same costly and time-consuming requirements for manufacturing and authorisation that are required for conventional medicinal products, making it virtually impossible for doctors to even test phage therapy unless they have access to pharmaceutical-grade phages. And there are unlikely to be many companies making pharmaceutical-quality phages unless doctors can conduct conclusive tests on the efficacy of phage therapy. The maddening loop continues.

Many see steering phage therapy into Belgium’s unique ‘magistral’ legal framework as essential to the development of phage therapy in Europe, and possibly the rest of the world – and have formed a ‘non-traditional antibacterials’ group to pressure the EMA’s decision. However, they may have strong opposition in the form of pharmaceutical companies, most of which would prefer regulators to classify phages as conventional drugs: even for those companies not interested in developing phage drugs themselves, they sure as hell don’t want people to be able to make innovative, cheap and unpatentable drugs without any of the regulatory hurdles that they have.

In a bright hospital room down the busy corridor of Block H, a tall former truck driver, known to me only as Mr B, sits in a T-shirt and underpants, dangling his thin, scarred and warped legs unselfconsciously over the side of a hospital bed. He is one of several patients to have received experimental treatment with phages who are in clinic today to check their progress. Through an interpreter, pointing at various parts of his body, Mr B talks me through the accident that changed his life almost forty years ago. In 1982 a truck jack-knifed in front of him and his truck, along with three other cars, ploughed straight into it. The bones in his legs ‘exploded’ from the impact, he says, miming a puff of dust with his hands. This was the start of an epic journey through France’s healthcare system that typifies the miraculous medical procedures that we take for granted and which are all put at risk by drug-resistant bacteria.

Remarkably, Mr B’s legs were painstakingly rebuilt with bone grafts and screws. But as the inner sanctum of his body was breached and probed and shuffled around by surgeons’ hands many times over many years, he developed a terrible infection deep in his thigh. Bacteria spilled out into a disgusting open wound at the hip that according to Mr B, oozed and looked like ‘meat’. Decades of strong antibiotics couldn’t fully clear his Staphylococcus infection, but kept it dormant, until he banged his hip on a kitchen unit years later, in 2017. A further operation was needed and a deep and persistent infection reappeared within the hollow space running down the middle of bones in his right leg. This time, the infection was so bad he came to the attention of Dr Ferry and his clinic, for the most complex and persistent infections of bones and joints in France.

Ferry and his team opened up Mr B’s infected leg, cleaned out the hollow part of the bones of his right femur with a whirring telescopic brush, and injected hundreds of trillions of phages directly into Mr B’s bloodstream. (Ferry did not want to simply wash the bone out with phage solution, as such was the nature of the injuries he felt the phages would just pour out the other end.) Samples taken during the procedure revealed that twenty or so minutes after the injection, viruses could be found deep in the middle of the bones of his leg.

When I ask Mr B what he thought of the idea of having trillions of viruses injected into his bloodstream to treat his infection, he says with a shrug that although he has done some research, what phages are and what they do is really too complex for him to fully understand. ‘It was like he was talking Chinese at first,’ he explains through the interpreter. ‘But I’d had so many experimental treatments, I thought, “Why not?” ’ Mr B is in the clinic today for a check-up, and it appears his phage treatment has worked. Although he still has pain in his knees and walks with a stick, the infection in his upper leg has cleared and the wound on his hip has healed over. He is now able to work as a live-in groundsman tending to the home of a wealthy local family.

Back in Ferry’s office, the doctor shows me a heavy box packed with correspondence from people across France who have contacted him seeking treatment with phages – for all manner of problems, not just bone and joint infections. When I ask how he feels about so much unmet need, he is not despondent – each successful case he completes is a leg and a life saved and a step towards acceptance of this old medical concept – first pioneered here in France of course, over a hundred years ago.

Ferry’s work is not just as a bone infection specialist: his role has become a project manager, salesman, lobbyist – helping to coordinate and navigate the various scientific, economic and regulatory challenges of every case. He hopes that one day Europe will have a network of dedicated phage therapy centres in every country, each assessing which local patient cases are most well-suited to phage therapy and working together to source, manufacture and share EMA-approved phages for clinical use. His energy and enthusiasm are infectious, and despite the endless challenges of working with viruses, I leave believing that there will be plenty more people like Mr B in the future, walking out of Block H down the beautiful slopes of Croix-Rousse – and back to the lives they had before they encountered drug-resistant bacteria.
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Since I started writing this book, in 2020, the number of phage therapy cases, studies, and research projects being announced has suddenly started to surge again. In just the space of a few months there has been a flurry of reports that demonstrate successful phage therapy. At a Belgian military hospital phage therapy has been used to save a victim of the 2016 Brussels bombing attack, whose repeated surgeries and skin grafts had become hopelessly and chronically infected with Klebsiella pneumoniae;55 then there’s been news of a fifty-six-year-old immunocompromised patient being successfully saved from a flesh-eating Mycobacterium chelonae infection with phages at a Harvard teaching hospital.56 There are publications on genetically engineered phages being used to clear a severe Mycobacterium abscessus caused by a patient’s cystic fibrosis;57 and news that scientists and doctors in Australia have developed a framework to standardise how phage therapy is accessed and administered across the country.58

At the time of writing, there are almost a dozen modern double-blind clinical trials of phage therapy either being planned or underway, involving both cocktails and single-phage preparations, natural and engineered phages, for a suite of different bacterial problems – from E.coli urinary tract infections and P. aeruginosa in burns to multidrug-resistant S. aureus infections of the blood, diabetic foot ulcers and infections associated with cystic fibrosis. As well as the work on prosthetic joint and bone infections mentioned above, there are phage treatments at pre-clinical trial stage for the treatment of Shigella flexneri (dysentery), atopic dermatitis, acne, tooth decay and for the treatment of people with bacterial respiratory infections exacerbated by COVID-19.

More fundamental research is looking at the potential for phage therapy in illnesses such as leprosy, TB, chronic obstructive pulmonary disease (COPD) and diseases caused or associated with bacterial imbalances, such as hidradenitis suppurativa, inflammatory bowel disease, asthma, Crohn’s disease, ulcerative colitis and even certain types of colon cancer associated with bacteria. Phages are being explored as a way to not just treat but also detect certain pathogens, for example in the rapid diagnosis of sepsis.

Steffanie Strathdee, after saving her husband’s life with phages, has helped set up the Center for Innovative Phage Applications and Therapeutics, or IPATH, the first such centre of its kind in the US. The Canadian phage researcher Dr Jess Sacher, together with web developer and engineer Jan Zheng, has set up the Phage Directory, a network dedicated to connecting phage patients to phage researchers and practitioners, with an alert service to help doctors issue emergency phage requests to phage labs worldwide for patients with life-threatening infections. The directory has so far helped coordinate forty cases, including two successful treatments for young children and one for a leatherhead turtle.FN00

‘Everything has changed in the past few years,’ says Sacher. She remembers, as recently as 2017, being embarrassed when she told other scientists she was an advocate for phage therapy. ‘I was always told by everyone around me that phage therapy was never going to work. It was always something we put in the intro paragraph of our grants but was not to be acted upon for real or you would look crazy.’

As of 2022, Sacher’s directory now has hundreds of subscribers from hundreds of phage laboratories across the world, and can direct patients and doctors to at least four different centres that offer phage therapy in the US, Belgium and Poland, rather than just directing people to the Eliava Institute website. Sacher and Zheng are also working on what they call an ‘operating system’ for phage therapy, a kind of user-friendly platform for helping patients and doctors navigate the logistical, regulatory and medical challenges of phage therapy in a streamlined and consistent way.

In the long and turbulent history of attempts to make phage therapy work, there has never been so much good news, interest and momentum. The world’s largest research-funding organisations, having once dismissed phage therapy proposals just from the title alone, are now dishing out millions of dollars in funding each year to explore both phage therapies and the fundamentals of how phages work. There are now fifteen official national ‘biobanks’ collecting and studying medically useful phages in countries from Canada to Korea. In the UK, in 2022 the National Health Service appointed its first ‘clinical phage specialist’ to drive forward the use of phages in hospitals, and MPs from the House of Commons Science and Technology Committee launched an inquiry into the use of bacteriophages as an alternative to antibiotics.FN00 At least fifty biotechnology, pharmaceutical or life science companies are now developing phage








A field guide to phages

This spotter’s guide shows just a handful of the most important and interesting phages we know of from the millions and possibly billions of different types out in the world.FN00 Given that these structures are well under a micrometre in size, it’s unlikely that you’ll ever actually spot any of them, unless you own an electron microscope. Still, I hope you find wonder in knowing that these strange and sometimes sinister-looking structures are all around you, all over you and even inside you right now, hijacking bacterial cells, hitchhiking in their genomes, or cloning themselves a hundred-fold in the time it takes you to read the next dozen or so pages.





Bicaudaviridae

Size: Tails up to 400 nanometres in length

Genome: Approx. 70 genes

Type: Undefined

Host: Acidianus (archaea)

 

[image: A black and white illustration of Bicaudaviridae. It shows a phage that looks like it has a central body and two long thin arms either side.]

 

Also known as a ‘two-tailed virus’, Bicaudaviridae is one of many very weird phages that infect single-celled microbes known as archaea. Archaea, despite looking and behaving like bacteria, are in fact a quite distinct lineage of life that split from the common ancestor of all microbes billions of years ago. The viruses of archaea are lumped together with bacteriophages for convenience, but they are actually even less well studied or understood, and those that have been discovered have been found to be even stranger than bacterial viruses, often forming spindle, lemon or bottle-shaped viruses. They are often found in extreme environments of high salt, heat or pH.

 

Bicaudaviridae has evolved to be able to survive in extremely hot and acidic environments, such as hot springs, hydrothermal vents, mudpots or volcanic craters, where it infects the ‘extremophile’ archaea that have evolved to thrive in such places. Uniquely, when new viruses emerge from infected cells, they start out lemon-shaped and their tails then grow longer after they have been released into the world.
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