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C R I T I C A L FOCUS
Brian J. Ford

Tomorrow’s Germs Threaten Today’s Lifestyles
We are living in an age of new infections ready to pounce, yet we rely on past methods
to address these emerging outbreaks. We are not prepared, and nobody seems to mind.
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The table in this eatery is regularly wiped and sanitized, however,
salt and pepper shakers, condiment bottles, the backs of chairs,
and trays laden with food — all sources of potential infection —
may not be cleaned for weeks.
the calculated figure. Even so, there would be more
than 2,000 people ill from one sick person, all because
of those tongs. Even if only one percent suffered from
the germ, it would still be 200 instead of two.
Here’s the alternative. Suppose the person with
contaminated hands had chosen from the tray of
bread rolls with their fingers. Chances are they would
have kept the infection to themselves. They might
have brushed against another roll, or perhaps even
handled one nearby to test it for freshness; so perhaps they contaminated one extra roll. Two, even. In
either case, the contact hazard is hundreds of times
less than if they were using those plastic tongs. In one
day, very few people might theoretically become infected, compared with the theoretical thousands. Yet
tongs are ubiquitous at food buffets around the world,
as are serving spoons and ladles and handles on lids
where customers help themselves. Millions of people
risk contamination every day because of these instruments of cross-infection. People should serve themselves with their own cutlery and use paper tissues to
touch handles.
Infection can lurk everywhere. In any restaurant
setting you will see staff wiping down tabletops with
meticulous regularity, using an approved antiseptic
solution. Cutlery comes straight from the dishwasher,
often laid out by waiters with hands encased in plastic
gloves for safety. The plates emerge scalding hot from
the dishwashing machine. There is even an anti-germ
squirt gun in the entrance for guests to sanitize their
hands. It is a pure and sterile universe.
Meanwhile, restaurants remain filled with other
sources of cross-contamination no one ever cleans.
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Ketchup, mustard, and other condiment bottles are
handled by hundreds of customers — including those
with contaminated fingers — but few establishments
ever wipe them. People pass round a bowl of butter,
everyone collecting a sample of whatever was left behind by the previous diner. Successive guests handle
the salt and pepper shakers, sometimes for weeks,
each leaving behind their own trademark of germs as
their fingers touch the cruet. The next person who decides to sprinkle salt collects an inoculum of the previous user’s germs. No wonder we still have outbreaks.
One way you can tell if there’s been an outbreak
at a catering establishment is if they withdraw the
pepper and salt from the tables and replace them
with small paper sachets instead. Some restaurants
do wipe down the cruets between every serving. But
there are far more potent avenues of contamination
that they have not noticed — the back of your dining
chair, for instance. In any given day, a dozen people
may have grabbed that chair, depositing on the backrest whatever germs they might be carrying, ready to
infect you or your host as you prepare to sit down.
Trays are another source of infection. The surface is
usually wiped clean, but nobody pays attention to
the edges, where the trays are held, and that is where
germs are left. Diners should collect their food fresh
with each course. Trays overburdened with plates
sliding around, all bearing courses that will be cold by
the time you get around to eating them, are a menace.
Buffet trays should be banned.
Issuing staff with gloves seems an excellent idea,
but it doesn’t work. The point of sterile gloves is that
they are used once and thrown away. If staff always
used a different pair of gloves for every customer, the
idea would work — but that never happens. Gloves
are put on at the start of a shift, and come off at the
end. Any contaminant acquired early on remains a
potential risk factor for everything with which the
wearer comes into contact. Plastic gloves need to be
changed regularly or they lose their protective function. In the catering environment, they aren’t frequently changed and become transformed into an
avenue for cross-infection. Antimicrobial hand lotions
are now becoming widespread where people gather
to eat. Fifteen years ago, they were rare; now they are
abundant, yet they are not the universal cure-all that
we often imagine. The hand sprays we find in restaurants are usually alcohol-based, containing ethanol
or isopropanol, and not all of them eliminate viruses.
Geun Woo Park and his team at the Division of Viral
Diseases of the Centers for Disease Control and Prevention in Atlanta (CDC) have shown that ethanol
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can be far more effective than isopropanol, though
it should be a concentrated solution (at least 70%).
Many products contain too little to work. Ethanol is
more hydrophilic than isopropanol and is more reactive against many viruses. The best way to use these
products is to massage the gel into the hands and to
keep rubbing them together until all the alcohol has
evaporated.
ANTIBACTERIALS BACKFIRE
Bacteria and viruses present different pictures. In
a study at Aston University in Birmingham, U.K.,
Anthony Hilton, professor of microbiology, showed
that hand sprays could actually cause a steady increase in the number of bacteria present on volunteer’s hands. His experiments showed that a hand
wash claiming to kill 99.9% of all harmful bacteria
did the opposite — numbers of bacteria went up.
The product contained quaternary ammonium cations and cocamidopropyl betaine — both recognized
antibacterials — and samples were taken after it was
used. An initial skin count of some 5,000 bacterial
colonies cultured before swabbing rose to 28,000 after
5 minutes and had increased to 100,000 within an
hour. Another brand made with ethanol and triclosan, or 5-chloro-2-(2,4-dichlorophenoxy) phenol, gave
an initial count of 104 bacterial colonies, which rose
to 154,000 after an hour. This is not what one expects, and of course it contradicts the manufacturers’
claims. Hilton concluded that the rubbing action
brings to the surface bacteria that previously lurked
deeper in the skin folds. In my view, it is just as likely
that the overgrowth forms as bacteria try to recolonize skin that has suddenly been depleted of its
normal microflora. The group also surveyed attitudes
to food dropped on the floor, which many people
assume is safe if it’s picked up again within 5 seconds.
According to the survey, 87% of people said they
would eat food dropped on the floor, or already do so.
Of those who would be happy to eat dropped food,
55% were women, and 81% of those women follow
the 5-second rule. Five seconds? It is certainly true
that more organisms will colonize food the longer is
rests on the ground, but it is delusional to think that
5 seconds confers a feeling of safety — unless you’re
OK with licking the soles of someone else’s shoes.
Soap and water are a popular method of controlling skin-borne pathogens, particularly viruses,
though hygienic behavior to control cross-infection
should be instilled into us all from an early age. We
need to encounter the abundant organisms in our en-

The first time I was asked to clean my hands with a sanitizer
was 15 years ago. Today, hand sanitizers are everywhere. As
traditional bacteria like Salmonella have been controlled, new
pathogens such as Campylobacter and Listeria have become
increasingly prevalent.

vironment to develop good immunity; in other words,
repeated showering and obsessive cleanliness can be
unhealthy. But in today’s catering environment, every publicly used implement should be thought of as
potentially contaminated. If you must use tongs, hold
them in a tissue. Never press an elevator button or select an item on a digital screen with your finger, always
use a knuckle. Never open a lavatory door handle with
your bare fingers, always hold a paper towel. It’s more
sensible to let the maître d’ grind fresh black pepper
onto your meal than wrap your well-washed fingers
round that sticky pepper shaker at the top of the table.
We should also be cautious about shaking hands. Louis Pasteur hated shaking hands with anybody.
What else can we do? The chlorine ion is an excellent disinfectant. Bleach solutions containing hypochlorite are produced by simple chemistry:
Cl2 + 2NaOH → NaCl + NaClO + H2O

In a low pH solution, the ions release elemental
chlorine that speedily reacts with bacteria and viruses
and is a highly effective disinfectant:
2H+ + ClO– + Cl– ⇌ Cl2 + H2O

In articles written more than 50 years ago, I recommended that a bowl of weak hypochlorite bleach
would be useful in everybody’s domestic kitchen,
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A FOWL EFFECT

Bacteria in a culture photographed by Tasha Sturm, a technician
at Cabrillo College in Aptos, California, are organisms on her
8-year-old son’s hand. Although a few vague attempts were made
to identify the bacteria from the appearance of the colonies, none
were viewed under the microscope.

Today’s world is full of buttons to push, screens to touch, and
handles to grab, all of which can acquire a resident microbial
population with repeated use. To decrease the risk of collecting
germs left behind by others, press buttons with your knuckle and
grab door handles with a paper towel or tissue.

where it could be used speedily to disinfect hands
after handling potentially contaminated meat. More
recently, the proposal was included on page 58 in my
book, The Future of Food (2000), where I wrote:
Made into a weak solution, bleach can be used
to decontaminate infected hands and implements. I foresee a kitchen of the future having a
bowl of weak bleach solution always on standby,
ready for use, and a new form of disposable
towel which is dedicated to people disinfecting
their hands.
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Contamination of meat with E. coli and Salmonella
is now rarer, but in many countries, chicken meat is
routinely found to be contaminated with Listeria. In
California last year, more than 47 million pounds of
poultry products and other forms of meat were recalled because of Listeria bacteria. Another contaminating organism, Campylobacter, infects most chickens
in America. Using dilute hypochlorite bleaches can
help to reduce this risk, yet America is one of the few
countries to use it. The effect is that the chlorine ions
destroy bacteria and all that is left is a weak solution
similar to dilute salt water, and it is perfectly harmless.
Many chicken-processing companies rinse the carcasses in hypochlorite, which is an excellent idea, but this
procedure isn’t liked elsewhere. The European Union
has a ban on the importation of all such chicken from
the U.S. “Chicken Scrubbed and Soaked in BLEACH!!
Would you eat it?” asks one website. This is ridiculous scaremongering. Half the chickens produced in
Britain carry Campylobacteria, and Campylobacter can
kill. Not only are the media absurdly negative about
the use of hypochlorites (which can save lives), but the
authorities like to make the hazard look acceptable.
Britain’s Food Standards Agency issued a report
in June 2017 titled “Further Reduction in Levels of
Campylobacter in Chicken.” The previous levels in
2016 were 50%. And what were they this year after
this “further reduction”? Why, 48.8% — an improvement of only 1.2%! In other words, we sold 415 million
infected chickens last year, while this year the figure
dropped to a mere 405 million birds. I am sure this
“reduction” will be immensely reassuring to the 3 million people who become ill each year and to the families of the 100 or so who die.
Here in the U.S. there are at least 2 million cases
of Campylobacter infection every year; some 70% of
American chickens are infected with the organisms.
The use of antibiotics means that about 20% of the
Campylobacter samples we can recover are resistant
to everyday antibiotics. With diligence, bacteria can
be conquered. In 1997, a British member of parliament, Edwina Currie, resigned after saying that “most
egg production is affected by Salmonella.” Egg sales
crashed by 60% and more than 4 million hens were
slaughtered. In October 2017, the British Egg Industry
Council finally announced that Salmonella had been
eliminated. All hen eggs could now be eaten raw, if
that’s what people wanted. In the end, only rigorous
hygienic measures will reduce the levels in farms.
The World Health Organization (WHO) — the same
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people who wanted to make Robert Mugabe a goodwill ambassador — issued a Campylobacter fact sheet
in December 2016, and it is dreadfully misleading:
“Bactericidal treatment, such as heating (for example,
cooking or pasteurization) or irradiation, is the only
effective method of eliminating Campylobacter from
contaminated foods.” This is wrong. By far the most
sensible precaution is to use hypochlorites; but, so opposed is the current opinion around the world, that
the WHO slavishly follows the current trend. This is
part of the absurd convention for rejecting any form
of “chemicals” in food production and is due to public ignorance of basic science. There was a wonderful
example of this when Nathan Zohner, a 14-year-old
student in Idaho Falls, Idaho, launched a campaign
against dihydrogen monoxide. His report said that it:
• is also known as hydroxyl acid and is the major
component of acid rain.
• contributes to the “greenhouse effect.”
• may cause severe burns.
• contributes to the erosion of our natural landscape.
• accelerates corrosion and rusting of many
metals.
• may cause electrical failures and decreased
effectiveness of automobile brakes.
• has been found in excised tumors of terminal
cancer patients.
Despite the danger, Zohner warned that dihydrogen monoxide is often used:
• as an industrial solvent and coolant.
• in nuclear power plants.
• in the production of Styrofoam.
• as a fire retardant.
• in many forms of cruel animal research.
• in the distribution of pesticides (even after
washing, produce remains contaminated by
this chemical).
• as an additive in certain “junk foods” and other
food products.
Dihydrogen monoxide is, of course, H2O, water.
The rejection of anything to do with “chemicals” meant
that thousands of people signed up to have it banned.
It’s much like the refusal to accept hypochlorite washes; dilute bleach, used wisely, would save lives.
Just as they reject “chemicals,” the public do not
understand infections. The rules and regulations that
are introduced are often laughable — or they would
be, if it wasn’t so serious. I remember an outbreak of
cryptosporidiosis that infected water supplies along

The precautions posted in this launderette show how little
understanding of infection many authorities have. The tumbling
cascades of detergent in washing machines are highly effective
at removing bacteria, and the heat of an iron sterilizes ironing
boards with every use.
the route of a train. The crew suspended their beverage service and put up a sign saying, “We regret we
are unable to serve coffee or tea, but we have no way
of sterilizing the water.” The fact that the water would
be purified as it was boiled didn’t occur to them. There
is a similar sign in a communal launderette that reads:
“We advise you to wipe any ironing boards before
use.” Can there be any more sterile object in a launderette than an ironing board? Nothing could survive
that heat. They also warn their patrons: “As a precaution, please use the wipes provided to wipe inside the
washing machine before and after use.” Even if the
machines were set to a low washing temperature, tumbling cascades of water rich in industrial detergents
would make it difficult for anything to survive. The
inside of the machines is thoroughly cleansed, and a
wet wipe would hardly improve matters. There was
no warning about the handles of the machines and
irons, or the doorknobs. That’s where infection lurks.
GOING VIRAL
One of the most prevalent causes of all these epidemics is the Norwalk Virus, first recognized in Norwalk, Ohio, following an outbreak of gastroenteritis in
children at Bronson Elementary School in November
1968. The virus was first observed in electron micrographs of the stool samples in 1972, and sequencing
of the genome revealed that the Norwalk Virus is a
member of the family Caliciviridae. Similar viruses infect domesticated animals (cattle, pigs, and chickens)
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Raising public awareness is important in handling outbreaks,
and simple precautions can do much to contain an epidemic.
This sign in Liberia informs people how to prevent the Ebola
virus from spreading. In October 2017, a new case of the deadly
Marburg virus was reported in Uganda.

and also reptiles and amphibians, In 2002, a simpler
name was accepted by the International Committee
on Taxonomy of Viruses, who agreed to call the genus
Norovirus, which was thought to be easier for people
to spell. Virologists and academics soon rejected the
proposed change, insisting that the original name
should be used, while in Japan there was an objection
from people with the surname Noro. This disease is
often called stomach flu or winter vomiting disease;
the agent is also characterized as small, round virus
(SRV) and Snow Mountain Virus. This is the reason
that cruise ships and hotels always have antiseptic
hand sprays readily available for diners entering a restaurant. These infections were featured in my Evening
with Brian lecture at Inter/Micro 2001, followed by an
article, “The Disease Revolution” in The Microscope
(51:4, pp 209–220, 2003), which later became a chapter
in the book The Changing Face of Disease: Implications
for Society (pp 360–403, Taylor and Francis: London,
2004). At that time, Norwalk Virus outbreaks were just
hitting the headlines. I said then that “we will see further epidemics in the years ahead” but had no idea
that it would become such a widespread condition.
Now it’s everywhere: half of all foodborne infections
in the U.S. are caused by this virus. I remember appearing as guest speaker on cruise ships that claimed
in their literature: “We have never had an outbreak of
Norovirus!” They don’t say that anymore. I spoke 10
years ago to a hotel manager on a ship who said that,
whenever they had a passenger with the virus, they
would ensure that the cabin was sprayed down with
antiseptic and thoroughly wiped. “I hope you wipe
down the staff,” I said, but I doubt whether he under90

stood. A single infected crew member can waft along
a companionway, leaving infectious agent on every
door handle they service. Use tissues on those door
handles — doorknobs are dangerous.
Virus outbreaks like these have been added to
bacterial food poisoning to become a regular scourge.
Now there is an outbreak of legal claims from vacationers seeking huge damages from hotels for bogus
outbreaks of dysentery. One spokesman is Inma
Benito, president of the Federation of Mallorca Hotel
Operators, who says that these fraudulent claims
have suddenly risen by 700%, and they are costing
hotels on that small Spanish island $50 million a year.
In October 2017, the first British couple were prosecuted for trying to claim compensation for an illness they
invented; both were sent to jail.
Meanwhile, severe acute respiratory syndrome
(SARS) is a potential threat, and the news media are
bubbling with reports of an imminent global pandemic. We are better at managing infections than the
public thinks. The scandalous failure to deal promptly
with the Ebola epidemic by the health authorities was
countered by wise microbiologists, and the cases that
were reported in the U.S. and Britain spread no further. I set the subject in context in my report “What’s
Next after SARS?” published in the Encyclopaedia Britannica Year in Review (pp 204–205, 2004). While everyone else was warning of a global pandemic, I reminded people of the well-tested procedures we now
use in handling pathogens, and asserted that we could
contain new outbreaks.
No sooner had we tackled SARS when a new
coronavirus emerged. It was first identified by microbiologists in Saudi Arabia in 2012 and was named
Middle East respiratory syndrome (MERS). The authorities, always preferring a name that looks more
impressive to the media than a handy acronym, soon
renamed the virus Middle East respiratory syndrome
coronavirus (MERS‐CoV). The coronaviruses are a
widespread family of viruses that cause a range of
diseases that manifest themselves through coughs,
shortness of breath, and even gastrointestinal upsets.
MERS is a perplexing infection. Most people who develop MERS antibodies (and thus have contracted the
virus) show no signs or symptoms. But, when there is
a serious outbreak, one-third of the new patients die.
There is no vaccine, nor is there a cure. Fortunately,
MERS does not seem to be highly infectious. It now
seems that the virus originated in bats and has since
become widespread in dromedary camels. After initial outbreaks in Saudi Arabia, it was reported in the
United Arab Emirates and then in South Korea. It is
THE MICROSCOPE 65 (2017)

CRITICAL FOCUS | BRIAN J. FORD

now identified throughout the Middle East, several
countries in Europe (including Germany and Britain),
and Southeast Asia (Thailand and the Philippines).
In May 2011, two cases were reported in Indiana and
Florida in health workers who had been close to patients in Saudi Arabia; both recovered.
The ongoing war against disease hasn’t fully
taken account of mass air travel, and sometimes we
ignore outbreaks in a manner that I find scandalous.
Ebola is a case in point, and so is the Zika virus (I discussed both in “Big Beef Over Mad Cow Disease,” The
Microscope, 64:2, pp 69–78, 2016). An epidemic could
spread globally with air travel so widely available,
though the spread of outbreaks remains reassuringly
well contained on our developed part of the world.
Today’s aircraft recirculate about 50% of the air in
the passenger cabin, and they still provide a complete change of fresh air every 2–3 minutes, passing it
through high-efficiency particulate air (HEPA) filters
to remove particulates, including fungi, bacteria, and
viruses. Contracting drug-resistant tuberculosis was
once reckoned to be a real hazard of air travel in tightly packed aircraft, and so the WHO began monitoring
the risk in 2008. They announced in April 2017 that
there was no evidence of TB being contracted during
air travel, which was reassuring.
Now there is another new virus disease we have to
learn to pronounce: chikungunya. This virus, known
by the abbreviation CHIKV, causes fever; aches in the
head, muscles, and joints; and an occasional skin rash.
In most patients, recovery is rapid and the symptoms
disappear within a week or 10 days, but it is debilitating while it lasts. Once infected, a person gains lifelong immunity to the virus. Some people experience
joint pain that becomes chronic and can last for years.
The infection is easily confused with dengue or Zika
fever. There is a mortality rate of 1:1,000, notably in
those with pre-existing medical conditions. CHIKV is
transmitted by the Aedes mosquito, usually Aedes aegypti, though A. albopictus is also known to carry the
virus. The infection was first recognized in Tanzania
in 1952, and it was named in the local Kimakonde language for “being contorted.” Until the end of the last
century, the disease was confined to Asia and Africa,
but now there are a million new cases a year and episodes have recently been reported from Europe and
America. With global warming, the vector insects are
spreading deeper into North America and the incidence of the infection will increase. There is no vaccine, and no treatment apart from the symptomatic relief of pain using conventional analgesics. Prevention
is the only weapon we have, which includes keeping

Spiral coils of Trichinella spiralis nematode worms in muscle are
still causing disease in the U.S. and are widespread in parts of
Europe. Currently, there is a new threat from Angiostrongylus
cantonensis, a 4 mm parasite that has infected up to 25% of
Caribbean islanders and is also found in America.

mosquitos from breeding in stagnant wastewater and
using mosquito nets at night. Chikungunya may be an
unfamiliar word to us today, but it is destined to become part of our common vocabulary.
WORMING INFECTIONS
Trichinosis is an infection caused by the tiny nematode Trichinella spiralis, which is contracted from undercooked pork. This is the origin of the prohibition of
eating pork in the Semitic cultures. In the U.S. in the
1990s, some 40 cases were reported each year, and that
number has fallen, though there is still almost one case
each month (about 11 new cases annually). In parts of
Europe, trichinosis remains a problem with up to 1,000
cases every year, where it is contracted from wild boar
meat in France, Spain, and Poland, while infections
from farm-reared pigs have been reported in Spain,
Germany, Latvia, and Lithuania. In those countries,
rates have been diminishing, however, the infection is
resurgent in Serbia, Croatia, Bulgaria, and Romania. It
was always claimed that the disease was absent from
Ireland and the Mediterranean islands, but infections
have recently been reported in Corsica and Sardinia,
and foxes with the infection have been reported in
Ireland, though there are no human cases there.
Now, there is a new nematode infection, angio
strongyliasis, caused by an infection with Angiostrongylus cantonensis, and it is the most frequently
observed cause of eosinophilic meningitis in America. Transmission to humans is usually from the consumption of raw mollusks and, because of the life
cycle, direct infection between humans cannot occur.
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Thrush is an infection caused by Candida albicans, a kind of
infective yeast. It is usually controlled with a single oral dose of
an antibiotic tablet, though resistance is beginning to appear.
Recently a new species, C. auris, has been reported for the first
time in the U.S. and is destined to cause new health concerns.
These nematodes are up to 4 mm long and are widespread across Southeast Asia and the Pacific Basin,
where nearly 90% of some populations are infected;
in the Caribbean, communities now show rates of
up to 25%. Rats probably brought the parasite to the
Caribbean by stowing away aboard cargo vessels. It
is a disease that is spreading, with cases occurring in
unexpected locations from Louisiana to Egypt, while
in Brazil, there have been more than 30 reported cases.
Most people recover from an infection, though heavy
loads of the parasites can cause death. This is one to
watch because it is beginning to spread.
EMERGING FUNGI
Fungi are most familiar in diseases like ringworm
or athlete’s foot. There is no single cause of these skin
infections because a range of fungi are implicated, including Epidermophyton, Trichophyton, and Microsporum. San Joaquin Valley Fever, also called California
Fever and Desert Rheumatism, is a fungus infection
that remains a problem in Mexico, Arizona, California,
Nevada, New Mexico, Texas, and Utah. This disease is
coccidioidomycosis and two species are involved, Coccidioides immitis and C. posadasii. These are saprophytic
fungi that live in the dirt and can form spores when rainfall moistens the soil after a prolonged dry season. The
spores are swept into the air when the soil is disturbed
by building work, excavation, or plowing. Sometimes
this causes an outbreak far from the source. On Dec. 29,
1977, a violent windstorm in Arvin, California, led to
an outbreak of coccidioidomycosis that was hundreds
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of miles downwind from the source. Other outbreaks
have been linked to soil disturbed during earthquakes
or even military exercises. This is becoming a serious
problem; we have at least 25,000 new cases every year
in the affected parts of the U.S., and the rates of infection are higher now than they were 20 years ago. Because coccidioidomycosis is caused by inhaling spores
that form in the soil, it cannot be passed directly from
one person to another. Most people who contract the
infection never notice any symptoms, while one-third
experience tiredness, pyrexia, joint and muscle pain.
Some go on to develop signs of a lung infection that is
often diagnosed as bacterial pneumonia or bronchitis.
Up to 5% develop a chronic infection that affects the
lungs and soft tissues and eventually leads to osteomyelitis and meningitis. In patients with compromised
immunity, a disseminated infection can be disastrous,
resulting in ulcers and abscesses, and even endocarditis. Although there is no vaccine available, research is
under way to find one. For decades, Amphotericin B
was the only antibiotic available for treatment, though
ketoconazole and itraconazole are now available, and
fluconazole can be used in chronic cases of disseminated coccidioidomycosis. Posaconazole and voriconazole, both originally developed to treat aspergillosis,
can also be used. Despite the rising incidence, there is
little research into optimal treatment, and the initial
infection (when antifungal therapy works best) is often misdiagnosed. This is an area that demands more
research; in some regions, the rates of infection have
increased tenfold in 20 years.
Thrush caused by Candida albicans has also become
a widespread problem. Women are offered a single
dose treatment with cream containing 6.5% tioconazole to deliver 300 mg, or alternatively with 0.9% fluconazole, administered as 400 mg in 200 ml. A single
dose? In most cases it works; the condition is stopped
in its tracks, though it may take a week for the symptoms to subside. Still, I feel uneasy about it. Single
doses are a recipe for resistant strains to emerge, and
they are bound to appear. One way in which resistance develops is by a mutation in the ERG11 gene,
which prevents the azole drugs from binding to the
substrate. Another is an increase in the rate of efflux
of an azole from the cell. Latest figures from the CDC
show that fluconazole resistance in Candida is already
7%. Experiments suggest that clinically important
strains of Candida are considerably more sensitive
to tioconazole (dose <0.5 μg/ml) than fluconazole
(>8 μg/ml), and tioconazole is also effective against
a wider range of fungal pathogens. Meanwhile, just
as we were feeling comfortable about treating these
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organisms, a new form of the fungus has emerged
that is resistant to conventional drug therapy. This is
Candida auris, first recognized in the U.S. in 2016. The
most recent data in 2017 reveal that 79 cases have been
reported in the U.S. — 53 in New York and 16 in New
Jersey. This new infection has now been reported in
over a dozen countries around the world. Most patients
were severely compromised with underlying medical
conditions, and the infection showed up in the bloodstream. Treatment with a new drug, echinocandin, still
proves effective, but awareness of this new malady is
still lacking.
Those of us who understand microbiology have
a good grasp of how to prevent infection. Epidemics
in the Western world are controlled with remarkable
skill, and the professional protocols that we have for
handling pathogens are resilient. As new infections
emerge, we quickly identify them and, in many cases,
microbiologists can effectively manage them. However, it is a mistake to assume that this also happens in
less developed countries. The way Ebola was ignored
for eight months was scandalous, and cholera in Haiti
was similarly left to spread after the 2010 earthquake,
resulting in half a million cases. Currently, there is an
epidemic of cholera in Yemen, where more than half a
million people have become infected with the bacteria. About 3,000 have died, and Save the Children announced in August 2017 that over a million malnourished children were at risk from the disease. A few
thousand beds have been provided by charities, and
Time magazine reported in June 2017 that the WHO
had donated 112 kits for treating the disease. Truly,
our response to outbreaks in these foreign countries is
lamentable. When an epidemic occurs it is controlled
at home through the diligence of the microbiological
community. After the epidemic of cholera in Hispaniola, there were 23 cases reported in America; none
died. The way that highly dangerous outbreaks are
contained is an object lesson in diligence and devotion, but we must do more abroad.
Influenza viruses continue to pose a threat. These
RNA orthomyxoviruses exchange genes as casually
as teenagers swapping cellphone numbers. The H5N1
strain has already acquired additional genes that gave
rise to the outbreaks of so-called “bird flu.” (This is
a curious name; all influenza viruses originate in
birds, so all flu is bird flu.) Although we now have
antiviral neuraminidase inhibitors such as oseltamivir and zanamivir, which can reduce the severity of
an infection, there is no cure. Every year we produce
large amounts of flu vaccine for at-risk groups, and
although the vaccines are effective, they are always

Just as amateur enthusiasts have succeeded in creating computer viruses and hacking into secure online systems, a new
breed of biohackers is experimenting with genetic modification of
existing pathogens. Changing DNA is both simple and cheap, but
the consequences could be dangerous.
manufactured from the strain that spread the previous
winter. A new strain may be different, and one day it
will be dangerously different. We need to find ways of
speeding up vaccine development.
HOMEMADE HAZARDS
New threats are going to come, not from nature,
but from somebody’s basement, where they will create a new germ capable of infecting others. Biohacking1 is a growing trend.
Kids are already creating computer viruses, and
it won’t be long before an infective, disease-causing
virus is similarly devised. Genetic modification is becoming a hobby. Anyone can do it, and you do not
need to be highly educated to start. Amateur enthusiasts are already experimenting with genetic modification, and it is especially popular with young people.
One key discovery was of a structural protein that
can prevent retroviruses (like HIV) from replicating
in human cells. The person who discovered it, Feng
Zhang, was a high school student in Des Moines,
Iowa at the time. Elena Simon of New York developed
The new term “biohacking” is ambiguous and must be interpreted
with care. Here we are using it to designate the practice of experimenting with genetic modification, without regulation or the need
for compliance. But biohacking also refers to the augmenting of
human ability by tinkering with the way the body works. These
folk are called “grinders,” and they implant microchips into themselves or stimulate their brains with electric charges. There are curious social movements that rely on cybernetics, like the biopunk
movement and open-source transhumanism. Some call it technoprogressivism, but this is sci-fi engineering, not genetics.
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The StudyMode website claims to offer “high-quality free essays
and research papers” from the greatest authorities around. This
invitation to study “human genetic modofication” is not only the
victim of a typo. What happens when the experimenters are untrained and erratic? Refined levels of education in this burgeoning field are not required.
a fibrolamellar carcinoma and decided it would be
useful to sequence its DNA. She recently, at the age
of 18, co-authored a paper which was published in
Science. Synbiota, a Canadian company based in
Toronto, has produced a $400 kit that gets youngsters
performing genetic engineering. The product has been
promoted much as people sell kitchenware or softporn accessories — through sales events held at private
homes. Their biohacking party features (as you would
expect) beer in the backyard, with people taking turns
at a laptop designing custom plasmids. Their kit provides cultures of Escherichia coli and components that
allow people to modify the DNA on the computer, and
then see the result transformed into a new kind of bacterium. The modified organisms change color. They
can even fluoresce. The idea mimics what has happened to popular music: little children can write compositions, or sample existing tracks and change them
at will, using the simplest of synthesizers. Synbiota
made it possible to try this with genetics rather than
garage-band music. They say that the public are intimidated by genetic modification because it all seems so
remote and cryptic, but if you allow folks to try it for
themselves at home, then the mystique wears away. It
becomes akin to amateur electronics, except that those
more traditional hobbyist experiments don’t have the
same potential to escape and run amok.
The idea that the $400 Synbiota kit could cause
widespread harm is not realistic; they provide a lim-
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ited range of reagents that can perform a few basic
tasks. The results are eye-catching, but you could do
no more damage with a Synbiota kit than you could by
making a bomb out of a child’s chemistry set. Formal
laboratories have to surmount strict regulatory procedures — but someone carrying out hazardous genetic
experiments of their own pays little heed to regulation. These will include bioterrorists. As I discussed in
this column in 2010, (“Critical Focus: Inventing Life or
Reality?” The Microscope, 58:2, pp 69–79, 2010), Craig
Venter was the first person to create a novel bacterium
in the laboratory, yet now even he is warning against
unchaperoned research that could produce “bioerrors” by accident. There are many bodies involved
in promoting home experimentation. Online there is
diybio.org, which is trying hard to make the subject
seem safe and respectable. In New York City, there is
a community biolab named Genspace, and Baltimore
is home to Underground Science Space (BUGSS). California has BioCurious in Santa Clara and Counter Culture Labs in Oakland. In Canada, there is Bricobio in
Montreal and BioSpace in Victoria. Others include The
Hackuarium (Renens, Switzerland), BioFoundry (Sydney), Biohackspace (London), and La Paillasse (Paris).
Islamic State (ISIL) terrorists are currently trying to
weaponize biological agents. Even though they have
been driven out of their caliphate in Syria, they remain
active in at least 15 other countries, including places
with well-equipped laboratories, and they are always
planning new ways to attack the West.
It is just as well that in the microscopical world we
understand how infections spread and how to control
a novel outbreak. The government authorities are either unprepared or out of date. At a U.S. House Committee hearing on Oversight and Government Reform,
former Rep. John Mica said: “We spent millions of dollars for a pandemic … We don’t know the inventory,
we don’t know who’s got it, and we don’t know who’s
gonna get it.” I don’t know about the inventory either,
though most of the emergency stocks in America are
out of date and useless, including thousands of bottles
of hand sanitizer that have long expired, plus 200,000
respirators that are beyond their five-year usability
guarantee. I certainly know who’s “gonna get it” —
everybody, that’s who. Imagine what happens when
someone catches a new and virulent form of flu, or
is infected with a new homemade supergerm. It will
infect their lungs, so they will sneeze into their hands
— and then make a beeline to the bread basket.
I hope you’re ready. They’ll be heading straight
for those tongs.
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