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Abstract 

Millions of children are born annually with inherited genetic 
diseases or infectious diseases acquired from parents. The 
recently developed CRISPR-Cas9 genome editing technique 
may provide an efficient and cost-effective therapeutic strategy 
to cure diseases with a genetic component. Genome editing 
at the embryonic stage has potential to permanently cure 
disease and confer resistance to pathogenic infections. Here, 
we report the first birth from human gene editing: twin girls 
who had undergone CCRS gene editing as embryos were born 
normal and healthy in November 2018. Their father was an 
HIV carrier. We used CRISPR-Cas9 to reproduce a prevalent 
genetic variant of the CCRS gene in fertilized oocytes during 
in vitro fertilization procedure, with the aim of helping the 
twins to be born with their own natural protection against 
HIV infection. Genome sequencing during pre-implantation 
genetic testing and after birth confirmed that the twins' CCRS 
genes were edited successfully and are thus expected to confer 
either complete or partial HIV resistance. No off-targets, large 
deletions or pathogenic cancer gene mutations was observed. 
We here bring a novel therapy to enable acquired immunity 
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to HIV and to control the HIV epidemic. We anticipate that 
human embryo genome editing will bring new hope to millions
of families seeking healthy babies free from inherited or 
acquired life-threatening diseases. 
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Control and prevention of HIV infection remain challenging. 
In China, new HIV infections increased by 64% in 2017 
compared to 20121
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• HIV continues to impose a serious public 
health burden: it remains a top 10 leading cause of death in 
many developing and discrimination continues to jeopardize 
livelihoods, access to medical care, and equal educational 
opportunities3
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The father was HIV seropositive and adherent to anti-retroviral 
therapy with an undetectable viral load ( <50 copies/ml). The 
mother was under ovarian stimulation prior to IVF fertility 
treatment. A total of 12 oocytes were collected. The male's sperm 
was washed thoroughly to remove infectious seminal fluid. After 
fertilizing the oocytes, we microinjected Cas9 protein and gRNA 
into their cytoplasm to induce gene editing. After culturing the 
embryos for 5-6 days, four viable blastocysts were obtained. 
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We performed pre-implantation genetic diagnosis (PGD) to 
confirm the success and specificity of the CCR5 gene editing. 
Two of the four blastocysts were successfully edited. The 
remaining two embryos were not edited. One embryo was 
edited on both CCR5 alleles, with each containing frameshift 
mutations that deactivated the CCR5 protein. We expect this 
to confer complete resistance to HIV-1 virus infection, similar 
to the natural CCR5 ~32 variation. The other embryo had 
one allele edited with a 15 bp deletion, and the other allele 
wild type (Table 1). Based on the CCR5 protein structure, this 
15 bp deletion should effectively disable the CCR5 receptor 
for HIV This heterozygous CCR5 edit is expected to confer 
partial resistance to HIV, similar to the natural CCR5 ~32 
heterozygous genotype. 
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Off-target effects and large-scale deletions are major safety 
concerns for CRISPR genome editing14
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• After thoroughly 
assessing all treated embryos for off-targets and large deletions 
by whole genome single cell sequencing, one edited embryo 
did not show any off-target mutations. The other edited 
embryo showed one possible off target of a 1 bp insertion in 
an intergenic region on chromosome 1 (chrl :69754212). This 
potential off-target was a minimum of279 kb away from any 
known gene and did not affect any known non-coding RNA 
or transcription factor binding site, so we concluded that this 
intergenic off-target genomic insertion might not impact any 
biological function (Table 3 and Supplementary Figure 3) . 
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After informing the volunteer couples of all the genetic 
information gleaned from the embryos, including the 
availability of a viable unedited embryo without detected off
target effects and the potential risk that off-target effects in all 
of the embryos may not have been detected, the parents chose 
to have both edited embryos implanted. 
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The women delivered normal, healthy twin girls, 
named Lulu and Nana, in November 2018 in China. 
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Methods 
Ethic statement 

The study was approved in March 201 7 by the Medical Ethics 
Committee of the Shenzhen Harmonicare Women's and 
Children's Hospital (Reference No. 20170307). The committee 
consists of seven people. Preclinical data, the study plan and the 
informed consent form were submitted. We were told that the 
committee held a comprehensive discussion of risks and benefits 
before reaching the approval conclusion. During the study, 
the director of the ethics committee was constantly updated 
about the state of the clinical trial. This study was registered 
with the China Clinical Trial Registry with registration number 
ChiCTR1800019378 (http://www.chictr.org.cn). 
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Discussion 

We will perform HIV infection experiments to further confirm 
the resistance of each twin to HIV. CD4+ T cells will be isolated 
from the blood and exposed to HIV. The virus titer will be 
measured to quantify the resistance to HIV. 

we have made a follow-on plan to monitor the health of the 
twins for 18 years and hope to then reconsent for continued 
monitoring through adulthood. 
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Prevention of mother-to-child transmission of HIV during 
pregnancy and delivery has evolved into a tremendous clinical 
success. However, HIV-exposed but uninfected (HEU) children 
have become a new global challenge in the era of pediatric HIV 
elimination17

• HEU children may now account for as many as 
30% of all births in parts of southern Africa18

• HEU children 
have significantly increased chance of secondary HIV infection 
compared to children of HIV-negative families19

• A longitudinal 
study of 743 HEU infants in Zambian showed that 2.5% of 
HEU infants became HIV infected later during 18 months 
observation20

• As the number of HIV-infected infants declines, 
the health needs of HEU children should be prioritized 
further17

• CCRS gene editing in embryos may provide a novel 
strategy to HEU children for lifetime protection against HIV 
infection. 
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On-target and off-target analysis of cord blood, umbilical 
cord and placenta after birth 

After the babies were born, we isolated genomic DNA 
from their cord blood, umbilical cord and placenta. Sanger 
sequencing, targeted Miseq sequencing, and 1 OOx whole 
genome sequencing was performed to analyze the on-target and 
off-target loci (Supplementary Figure 4A and 4B ). 
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