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Gonorrhoea bacteria (pictured) have developed resistance to some antibiotics.

USE OF ANTIBIOTICS TO
AVOID SEXUAL DISEASES
RAISES CONCERNS

The strategy reduces sexually transmitted infections,
but could increase antimicrobial resistance.

By Dyani Lewis

health department in the United
States has become one of the first to
recommend that people who are at
high risk of getting a sexually trans-
mitted infection (STI) take a preven-
tive dose of antibiotics after unprotected sex.
Clinicaltrials have shown that the strategy can
reduce infections such as chlamydia, syphilis
and gonorrhoea. But some researchersworry
thatitwill contribute to antibiotic resistance.

Last month, the San Francisco Department
of Public Health in Californiarecommended
thatpeople at highrisk ofinfection take adose
of the antibiotic doxycycline after unprotected
sex to prevent bacterial STIs.

Rates of bacterial STIs have been climbing
steadily over the past decade, particularly
in men who have sex with other men (MSM).
“We don’t have any tool to reduce the rate of
[bacterial] STIs, except asking people to use
condoms,” including for oral sex, says infec-
tious-diseases physician Jean-Michel Molina
at the University of Paris.

Molina led the first trial' of doxycy-
cline post-exposure prophylaxis — a
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preventive-treatment strategy known as doxy-
PEP — which reported results in 2018. In that
trial, 22% of those using doxyPEP, and 44 % who
were not, were infected with an STl over nine
months. Antibiotic useled toa 70% reduction
inchlamydiainfectionsand a73%reductionin
syphilisinfectionsin participants. Gonorrhoea
infections weren’t substantially reduced.

“Wedon’thave any
tooltoreduce therate
of STIs, except asking
peopletouse condoms.”

DoxyPEP is similar to the hugely successful
strategy of taking antivirals before unpro-
tected sex to prevent infection from HIV —
known as HIV-PrEP. Using HIV-PrEP reduces
therisk of getting HIV from sex by about 99%.

San Francisco adopted the policy after
interim results from another trial — called
DoxyPEP — were presented at the International
AIDS Conference in Montreal, Canada, in late
July. That trial, involving MSM and transgen-
der women either living with HIV or taking
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HIV-PrEP, was stopped early because taking
doxycycline after unprotected sex was so
effective at reducing STIs. Everyone enrolled
inthetrial, led by infectious-diseases physician
Annie Luetkemeyer at the University of Califor-
nia, San Francisco, was then offered doxyPEP.
Chlamydia and syphilis infections were more
than 70% lower, and gonorrhoea infections
were 55% lower, in each three-month periodin
those who took doxyPEP. In people who didn’t
take doxyPrep, around 30% were infected with
one or more STl each quarter.

Syphilis in men can cause serious health
problems, such asblindness and nerve damage
ifleft untreated. Chlamydia and gonorrhoea
infections in men are rarely serious, but in
women, they canlead toinfertility. And syph-
iliscanpassto unborn children and cause mis-
carriage, still birth, or brain and organ damage
in babies born with the disease.

Butresearchers are divided about whether
the evidence of effectiveness in MSM alone is
enough to make the decision to officially roll
out doxyPEP. Manik Kohli, a sexual-health
physician and researcher at University Col-
lege London, says more data from multiple
trials are required to show whether doxyPEP
drives antibiotic resistance.

Other agencies are taking a more cautious
approachthanthe San Francisco Department
of Public Health, which did not respond to
Nature’srequest for comment. The UK Health
Security Agency and the British Association for
Sexual Health and HIV state that they do not
endorse the doxyPEP strategy for prevention
of syphilis or chlamydia, in part because of a
lack of data on antimicrobial resistance.

Facing resistance

When exposed to antibiotics, bacteria that
harbour resistance and survive can spread.
Chris Kenyon, amicrobiologist at the Institute
of Tropical Medicine in Antwerp, Belgium,
says that using doxycycline to prevent infec-
tions drastically increases a person’s exposure
totheantibiotic, which could drive resistance.

Doxycyclineis a “criticallyimportant” anti-
biotic for treating other conditions, includ-
ing skin infections caused by Staphylococcus
aureus, and bacterial pneumonia, says Kenyon.
DoxyPEP could lead to the emergence of
antibioticresistancein the bacteria that cause
suchinfections and limit treatment options,
he says.

He says that health-care workers should
take a precautionary approach when pre-
scribing antibiotics as a preventive treat-
ment, particularly among MSM. This is a key
population for the emergence of antibiotic
resistance if antibiotic use is high, because
MSM often have multiple sexual partners and
networks thatincrease the chance of resistant
bacteria spreading.

Resistance to tetracycline-class antibiotics,
whichinclude doxycycline, is already common
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in gonorrhoea. In the United States, around
25% of gonorrhoea cases are caused by tetra-
cycline-resistant bacteria. Elsewhere, rates of
resistance are higher, with studies reporting
rates closer to 60% or 70% in Europe’?.

Molina expects that the effectiveness of
doxyPEP against gonorrhoea will depend on
therates of resistance in the local community
and will probably decline over time as resist-
ancelevelsrise.

But Luetkemeyer says that early results from
asecond French trial, called DOXYVAC, show
doxycycline reduces gonorrhoea infections
—inspite of highresistance levels. The results
suggest that the drug still prevents an infec-
tion from taking hold, even if it is ineffective
at treating an established infection. “It often
takes alot less of a drug to prevent a disease
thanitdoesto cure a disease,” she says.

Doxycycline resistance has not emerged in
chlamydia or syphilis. Working out whether
doxyPEPleadstoresistancein these infections
could take years, says Molina.

“It oftentakes alotless
ofadrugtopreventa
disease thanitdoes
tocureadisease.”

Luetkemeyer and her colleagues have col-
lected swab and stool samplestoseeif people
using doxycycline as a preventive tool alters
the community of microorganisms that live
in the gut or increases antibiotic resistance.
Thoseresults willbe presented at a conference
in February 2023.

Onehopeisthat doxyPEP usein MSM could
lower rates of bacterial STIs in the broader
community — including in women, who bear
the greatest effects of chlamydia and gonor-
rhoeainfections — just as HIV-PrEP has done
for HIV in high-income countries.

But Kenyon is sceptical that doxyPEP will
lower STl rates, which can remain stubbornly
high even after large-scale interventions.

Since Molina and his colleagues published
results of the first doxyPEP study in 2018, peo-
ple have been using doxycycline off-label as
apreventive tool, he says. Kenyon fears that
doxyPEP could expose people to the antibiotic
for years or even decades.

For people already using doxyPEP,
public-health recommendations are unlikely
to convince them to stop, says Kohli. After
Luetkemeyer’s presentation at the Interna-
tional AIDS ConferenceinJuly, the US Centers
for Disease Control and Prevention published
information to guide the use of doxyPEP.
The agency says it will publish subsequent
guidance when the final data are published
andreviewed.
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CRISPRTOOLS FROM

VIRUSES COULD

BOOST GENE EDITING

Thousands of phages have DNA-cutting systems,
probably picked up from microbial hosts.

By Heidi Ledford

systematic sweep of viral genomes
has revealed a trove of potential
CRISPR-based genome-editing tools.

CRISPR~-Cas systems are common
in the microbial world of bacteria
and archaea, where they often help cells to
fend off viruses. But an analysis published
on 23 November in Cell finds CRISPR-Cas
systems in 0.4% of publicly available genome
sequences from viruses that can infect these
microbes (B. Al-Shayeb et al. Cell 185, 4574~
4586;2022). Researchers think that the viruses
use CRISPR-Cas to compete with one another
—and potentially to manipulate gene activity
in their host to their advantage.

Some of these viral systems were capable of
editing plant and mammalian genomes, and
possess features — such asacompact structure
and efficient editing — that could make them
useful in the laboratory.

“This is a significant step forward in the
discovery of the enormous diversity of CRISPR-
Cassystems,” says computational biologist Kira
Makarova at the US National Center for Biotech-
nology Information in Bethesda, Maryland.
“Thereis alot of novelty discovered here.”

DNA-cutting defences

Although best known as a tool used to alter
genomes in the laboratory, CRISPR-Cas can
function in nature as a rudimentary immune
system. About 40% of sampled bacteria and
85% of sampled archaea have CRISPR-Cas
systems. Often, these microbes can capture
pieces of aninvading virus’s genome and store
thesequencesinaregion of theirowngenome,
called aCRISPR array. These arrays thenserve
as templates to generate RNAs that direct
CRISPR-associated (Cas) enzymes to cut the
corresponding DNA. This canallow microbes
carryingthearraytoslice up theviralgenome
and potentially stop viral infections.

Viruses sometimes pick up snippets of their
hosts’ genomes, and researchers had previ-
ously found isolated examples of CRISPR-Cas
inviral genomes. Molecular biologist Jennifer
Doudna and microbiologistJillian Banfield at
the University of California, Berkeley, and
their colleagues decided to do a more com-
prehensive search for CRISPR-Cas systemsin
virusesthatinfect bacteriaand archaea, known
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Phages (red) might use CRISPR to compete.

as phages. To their surprise, they found about
6,000 of them, including representatives of
every known type of CRISPR-Cas system. “Evi-
dence would suggest that these are systems
that are useful to phages,” says Doudna.

The team found a wide range of variations
ontheusual CRISPR-Casstructure,and some
of the viral Cas enzymes were remarkably
small. This could offer a particular advantage
for genome-editing applications, because
smaller enzymes are easier to shuttle into
cells. Doudna and her colleagues focused on
aparticular cluster of small Cas enzymes called
Cas), and found that some of them could be
used to edit the genomes of lab-grown cells
from thale cress (Arabidopsis thaliana) and
wheat, as well as human kidney cells.

The results suggest that viral Cas enzymes
couldjoinagrowingcollection of gene-editing
tools discovered in microbes.

Inthe meantime, researchers will continue
to search for potential improvements to
known CRISPR-Cas systems. Makarova antic-
ipates that scientists will also be looking for
CRISPR-Cas systems that have been picked
up by plasmids — bits of DNA that can be trans-
ferred from microbe to microbe.

“Each year we have thousands of new
genomes becoming available, and some of
them are from very distinct environments,”
shesays. “Soit’sreally goingto beinteresting.”
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