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In the Wake of Zika: Injury to the Fetal Brain and a 
Path to New Therapies
by Christine Waresak

Kristina Adams Waldorf led the first 
study to show that the Zika virus caused 
fetal brain injury in a nonhuman primate.

The Zika virus, transmitted by mosquitoes and sexual 
intercourse, typically causes a brief illness in adults characterized by 
fever, rash, and malaise, if it causes any symptoms. Prior to 2015, 
the Zika virus was almost unheard of, but an outbreak in Brazil 
followed by reports of massive fetal brain damage in pregnancies 
of women infected with the virus quickly evolved into a global public 
health emergency. The world began asking whether acquisition 
of the Zika virus in pregnancy was the cause of these fetal brain 
injuries. It’s a question that caught the attention of Kristina Adams 
Waldorf, M.D., professor of obstetrics and gynecology and a 
CHDD research affiliate, who studies bacterial and viral infections 
in pregnancy. Many scientists accepted an epidemiological link 
between the Zika epidemic and the Brazilian brain disorders and 
related conditions, but there were competing theories as to whether 
something else was the cause, such as environmental toxins. 
Establishing causality in an animal model, Adams Waldorf knew, 
would be a crucial piece of the puzzle to preventing infant brain 
damage. Adams Waldorf led a 32-member team in a study using a 
pregnant pigtail macaque infected with the Zika virus. The study, 
published in Nature Medicine in September 2016, showed that the 
Zika virus induced fetal brain injury in a nonhuman primate that is 
closely related to humans. In addition, it laid the groundwork for 
testing therapies and vaccines to prevent the devastating effects 
of maternal Zika viral infection on the fetus. These therapies are 
urgently needed as the virus has spread throughout South and Central America and the Caribbean, and 
now includes 48 countries, which have active local transmission of the Zika virus.

The study 
Part of the difficulty in researching the effects of the Zika virus on a human fetus was identifying an 

animal model with fetal development and a placenta that is similar to humans. “People often ask, why 
not confine this research to mice? Why must the disease and vaccines be studied in monkeys?” Adams 
Waldorf said. “You can do a lot of experiments using mice, and the biology is similar. However, when 
you’re talking about pregnancy and determining drug safety in pregnancy, it can be inaccurate and 
dangerous to translate your findings from mice to humans.” Adams Waldorf referred to the thalidomide 
tragedy of the 1960s as an example of drug safety tests that went well in mice, but resulted in birth defects 
when the drug was given to pregnant women. The pigtail macaque, however, has a pregnancy that closely 
mimics human pregnancy, which made it an ideal model for the study. 

Adams Waldorf quickly assembled a team that included her long-time research partner Lakshmi 
Rajagopal, Ph.D., an infectious disease expert at Seattle Children’s Research Institute, and Michael Gale 
Jr., Ph.D., a UW immunologist and virologist. “A strength of our research was reliance on a team of experts 



that we’ve developed over the last 10 to 15 years to study fetal injury due to bacterial infections,” Adams 
Waldorf said. “We had the perfect launching pad to study Zika viral infections.”

The team inoculated Zika virus underneath the macaque’s skin during the early third trimester, which 
corresponds to approximately 28 weeks of human pregnancy. The pregnant monkey showed no signs of 
illness, which is typical of most cases of Zika. Weekly ultrasounds and magnetic resonance imaging (MRI), 
however, showed that the virus was quickly affecting the fetus. “We performed our first MRI of the fetal 
brain about 10 days after inoculation. At that time, we could already see a large injury in the fetal brain,” 
Adams Waldorf said. “The fetal brain stopped growing after about three weeks. This growth arrest was 
particularly stark when we compared growth of the brain to the femur.” 

A Cesarean section was performed just before the due date. The team comprehensively examined 
the fetus’ and mother’s tissues and fluids, including through RNA sequencing (RNA-Seq). The fetal brain 
showed a deficiency in white matter and evidence of scarring, or white matter gliosis. Both the mother and 
fetus had developed antibodies against Zika, indicating an immune response to the virus. Zika viral RNA 
was found in the fetal brain and liver and also in the maternal brain, eyes, spleen, and liver. The highest 
levels of the virus were found in the placenta. 

RNA-Seq showed that the Zika viral strain recovered from the fetal brain was the same strain the team 
used to inoculate the mother. “This finding was very important because it demonstrated Koch’s postulate, 
which is one way to establish a causative relationship between a microbe and a disease. We fulfilled 
Koch’s postulate by isolating the same viral strain from the diseased organ – the fetal brain – as we had 

inoculated under the mother’s skin,” Adams Waldorf said.

Sagittal image of a magnetic resonance imaging 
(MRI) study of the fetal brain from a pigtail macaque 
exposed to Zika virus in utero.  In this T2-weighted 
image, the bright area surrounding the cross hairs 
includes the lateral ventricle, but is abnormally large.  
This area has greater water content than expected, 
which may reflect mild enlargement of the ventricle 
and periventricular edema and inflammation. 

Next Steps
While Adams Waldorf, Gale, and Rajagopal continue 

research to further understand mechanisms of Zika viral 
transmission across the placenta and fetal brain injury, Adams 
Waldorf is also taking steps to test prevention methods that 
research partners are developing. “Demonstrating this causative 
relationship in an animal model was a big step because 
we’ve set up the ability to test therapeutics and vaccines,” 
she explained. “There are estimates that at least 2 million 
pregnancies are at risk each year that we don’t have a vaccine 
or therapeutic to protect the fetus. We’re at the point where we’d 
like to test a broad portfolio of vaccines or therapeutics that 
might help to end this public health emergency.”
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