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Antiviral immunity backfires: Pathogenic effects of type 
I interferon signaling in fetal development
Rebecca L. Casazza and Helen M. Lazear*

Interferon-/ signaling is pathogenic in a mouse model of congenital Zika virus infection.

Pregnancy is an immunological balancing act; 
maternal and fetal immunity act in concert 
to protect the fetus from maternal pathogens 
while preventing maternal immune attack of 
the semiallogeneic fetus and placenta. Few 
pathogens are able to circumvent the special-
ized immune mechanisms that protect the 
maternal-fetal interface (1). The most recently 
recognized congenital pathogen is Zika vi-
rus (ZIKV), a mosquito-borne flavivirus that 
can produce a spectrum of neurodevelopmen-
tal defects (congenital Zika syndrome). In ad-
dition to vision and hearing loss, seizures, and 
microcephaly, congenital ZIKV infection is also 
associated with placental damage, leading to 
intrauterine growth restriction (IUGR) and 
fetal demise. The ability of ZIKV to cause birth 
defects was unexpected because this is not char-
acteristic of related flaviviruses and had not 
been reported in ZIKV outbreaks before 2015. 
Understanding the mechanisms that allow ZIKV 
to breach the placental barrier and damage the 
developing fetus is important for combating 
ZIKV and other congenital infections.

In this issue of Science Immunology, Yockey et al. 
demonstrate that type I interferon (IFN-/) 
signaling is pathogenic in a mouse model of 
congenital ZIKV infection, resulting in ab-
normal placental architecture, IUGR, and fetal 
demise (Fig. 1) (2). This finding is surprising 
because IFN-/ induces a potent antiviral re-
sponse, and mice that lack the IFN-/ receptor 
(Ifnar1−/−) are generally more susceptible to 
viral infections. ZIKV replicates poorly in mice 
because it does not efficiently antagonize mouse 
IFN-/ signaling, so existing ZIKV pathogen-
esis models use Ifnar1−/− mice or an IFNAR1- 
 blocking monoclonal antibody to achieve 
sufficient viremia (3, 4). Ifnar1−/− mice have 
been used to demonstrate transplacental ZIKV 
infection and subsequent fetal damage after 
subcutaneous or intravaginal infection (3, 5, 6 ). 
In these models, Ifnar1−/− dams were crossed 
to wild-type sires, resulting in Ifnar1+/− fetuses. 
A strength of these systems is that the fetus 

(and thus placenta) have intact IFN-/ sig-
naling, so ZIKV infection of the placenta and 
fetus is not simply due to a lack of an innate 
antiviral response in these tissues. The pre-
sent discovery by Yockey et al. results from a 
different mating strategy: Rather than cross-
ing Ifnar1−/− dams to wild-type sires, they used 
Ifnar1+/− sires, resulting in pregnancies in which 
50% of the fetuses (and their associated placen-
tas) were Ifnar1+/−, whereas 50% were Ifnar1−/−. 
Unexpectedly, they found fetal demise exclu-
sively in Ifnar1+/− fetuses, which also exhibited 
greater IUGR compared with Ifnar1−/− fetuses, 
suggesting that IFN-/ signaling was patho-
genic rather than protective. Consistent with 
previous reports (3, 6 ), the outcome of con-
geni tal ZIKV infection depended on gesta-
tional stage, with infection at embryonic day 
5.5 (E5.5) resulting in fetal demise (resorption), 
whereas infection at E8.5 resulted in IUGR. 
Although Ifnar1−/− fetuses exhibited less severe 
pathology compared with that of Ifnar1+/− lit-
termates, ZIKV replicated to higher titers in 
Ifnar1−/− placentas, indicating that IFN-/ 
restricts ZIKV infection in the placenta and 
identifying a pathogenic role for IFN-/ in-
dependent of viral replication.

Because all ZIKV infections were performed 
in Ifnar1−/− dams, only placental and fetal tis-
sues could respond to IFN-/ in this system. 
Accordingly, the authors observed substantial 
malformation in Ifnar1+/− placentas after ZIKV 
infection and minimal damage in Ifnar1−/− pla-
centas, even though Ifnar1−/− placentas exhib-
ited equivalent or higher levels of viral infection. 
In both mouse and human placentas, fused syn-
cytiotrophoblasts (a single layer in human and 
double layer in mouse) form a critical barrier 
that separates the maternal and fetal blood sup-
plies and restricts hematogenous pathogen 
transmission. Electron microscopy of Ifnar1+/− 
placentas after ZIKV infection revealed dis-
rupted syncytiotrophoblast barriers and conse-
quent mixing of maternal and fetal blood. To 
determine the mechanism by which IFN-/ 

signaling disrupted placental architecture, the 
authors considered whether IFN-/ recruited 
immune cells to the placenta, blocked placental 
cell proliferation, or induced apoptosis after 
ZIKV infection. They found little leukocyte in-
vasion at the maternal-fetal interface and no 
difference between Ifnar1+/− and Ifnar1−/− pla-
centas. Likewise, Ifnar1+/− and Ifnar1−/− pla-
centas showed no difference in the expression 
of the proliferation marker Ki67. In contrast, 
cleaved caspase-3 was detected only in Ifnar1+/− 
placentas, suggesting that IFN-/ disrupts 
placental integrity by inducing trophoblast 
apoptosis. To test whether IFN-/ signaling 
results in placental insufficiency, contribut-
ing to IUGR and fetal demise, the authors 
compared the expression of hypoxia-induced 
genes in Ifnar1+/− and Ifnar1−/− fetuses. All hy-
poxia response genes tested, including Vegfa 
and Adm, were up-regulated in Ifnar1+/− fe-
tuses after ZIKV infection. Moreover, hypox-
ia response transcripts were up-regulated at 
developmental stages closely preceding de-
mise, suggesting that nutrient and oxygen in-
sufficiency contribute to the loss of Ifnar1+/− 
fetuses.

To determine whether IFN-/ signaling 
is also pathogenic in the human placenta, 
Yockey et al. assessed the effects of IFN treat-
ment on explants of human midgestation pla-
cental villi. They found that exogenous IFN- 
treatment altered the villus architecture, with 
the trophoblast actin cytoskeleton becoming 
disrupted and areas of aggregated nuclei form-
ing at villus tips. Similar knot or sprout struc-
tures are seen in other placental pathologies, 
so the presence of these aggregates is consist-
ent with IFN-/ causing structural damage 
to the placenta. Placental deformities were only 
observed after treatment with IFN- and not 
with IFN- (type III IFN), which signals through 
a different receptor. Human syncytiotropho-
blasts produce high levels of IFN- ex vivo, 
and IFN- restricts ZIKV transplacental trans-
mission in mice, so IFN- has been suggested 
to play an important role in restricting con-
genital infections (6, 7). RNA sequencing anal-
ysis revealed that IFN- and IFN- induced 
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distinct transcriptional signatures in placental 
explants, which is surprising because IFN- 
and IFN- are generally thought to activate 
similar transcriptional programs. Together, 
these observations support a model in which 
IFN- elicits a distinct antiviral response at the 
maternal-fetal interface, perhaps to avoid the 
pathologic effects of IFN-/ signaling.

Remarkably, the authors found that IFN-/ 
was pathogenic even in the absence of viral in-
fection: Wild-type dams exhibited fetal demise 
when treated with polyinosinic:polycytidylic 
acid [poly(I:C)], a double-stranded RNA mim-
ic that induces robust IFN-/ production. 
Ifnar1+/− fetuses were resistant to the effects 
of poly(I:C) in Ifnar1−/− dams, indicating that 
IFN-/ signaling in maternal tissues triggered 
fetal demise. In the context of ZIKV infection, 
IFN-/ signaling in the placenta mediated tis-
sue damage, but the IFN-/ itself could derive 
from the maternal circulation or from the infected 
fetal/placental tissue. In addition, Ifnar1−/− 
mice sustain very high levels of IFN-/, ow-
ing to uncontrolled viral replication and a 
lack of receptor to sequester IFN from the cir-
culation. Because the disruptive effects of IFN- 
in human placental explants were induced by 
high doses of IFN-, it remains to be determined 
whether lower levels of IFN-/ can also cause 
placental pathology.

Although sufficient to cause fetal demise 
after poly(I:C) administration, maternal IFN-/ 

signaling alone is unlikely to explain the abil-
ity of ZIKV to cause neurodevelopmental 
defects. Nearly all viral infections induce IFN-
/ production, and there is no reason to think 
that ZIKV induces an especially robust IFN 
response. Dengue virus (DENV), a mosquito- 
borne flavivirus closely related to ZIKV, typ-
ically causes a more severe febrile illness than 
does ZIKV, and secondary DENV infections 
can result in cytokine storm and shock. DENV 
infection during pregnancy is associated with 
adverse fetal outcomes, likely related to the 
maternal antiviral response (8). Nonetheless, 
despite millions of DENV infections world-
wide annually, there is no evidence that DENV 
causes birth defects of the sort caused by ZIKV. 
Thus, IFN-/ signaling may cause placental 
damage that contributes to ZIKV pathogene-
sis, but additional features of ZIKV (perhaps 
including neurotropism) must contribute to 
this virus’s ability to cause birth defects. How-
ever, the de trimental effects of IFN-/ signal-
ing could also be implicated in poor pregnancy 
outcomes during other viral infections. In one 
model, maternal IFN-/ production might 
induce placental damage, facilitating hema-
togenous viral invasion into the fetal compart-
ment; in this case, many maternal pathogens 
might cause placental damage, although only 
a subset have the ability to productively infect 
the placenta and fetus. Alternatively, patho-
logic IFN-/ signaling might occur subse-

quent to placental infection; in which case, 
only the few pathogens already able to breach 
the placental barrier could elicit a damaging 
IFN-/ response.

Pathogens can access the fetal compart-
ment via two routes: hematogenous trans-
placental infection or ascending transvaginal 
infection, with each route comprising distinct 
anatomical and immunological barriers. ZIKV 
is transmitted primarily by mosquitoes; how-
ever, one unusual feature of ZIKV among 
flaviviruses is that ZIKV can also be sexually 
transmitted between humans. However, it 
remains unclear whether the route by which 
a pregnant woman is exposed to ZIKV in-
fluences the probability or outcome of con-
genital infection. ZIKV replicates in tissues 
of the female genital tract, so sexual trans-
mission could result in ascending infection. 
Alternatively, sexual transmission could re-
sult in maternal viremia and transplacental 
infection indistinguishable from mosquito- 
borne transmission. Yockey et al. mainly used 
an intravaginal infection model for their studies. 
Their key finding—maternal ZIKV infec-
tion resulted in demise exclusively of Ifnar1+/− 
fetuses—was also observed after subcutane-
ous inoculation, indicating that this outcome 
is not exclusive to intravaginal inoculation. 
However, differences in experimental design 
(such as virus strain and timing of infection) 
mean that the importance of intravaginal in-
fection compared with subcutaneous infection 
remains to be determined.

Pregnancy features dynamic and highly 
regulated inflammatory responses (9). Inflam-
matory cytokines promote implantation and 
later contribute to the onset of labor, both at 
term and in response to preterm labor triggers 
such as infection. However, most fetal develop-
ment occurs during a period of suppressed 
inflammation, a key purpose of which is to pre-
vent the maternal immune response from at-
tacking the semiallogeneic fetus. This aspect 
of pregnancy is not present in congenic mouse 
models, including the C57BL/6 mice used in 
the present study and by other groups, because 
the mother and fetus are genetically identical 
(except for Ifnar1 status). Immune responses 
to congenital infections such as ZIKV may dis-
rupt the inflammatory balance of pregnancy, 
allowing the development of immune pathol-
ogy in the placenta. Furthermore, autoimmune 
conditions characterized by excess IFN-/ 
production, including Aicardi-Goutières syn-
drome and systemic lupus erythematosus (10), 
are associated with many of the same poor 
pregnancy outcomes seen with congenital in-
fections. The work of Yockey et al. suggests 
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Fig. 1. IFN-α/β signaling 
exacerbates adverse preg-
nancy outcomes following 
ZIKV infection. Ifnar1+/− fe-
tuses exhibit more pathol-
ogy than their Ifnar1−/− 
littermates after maternal 
ZIKV infection.  ZIKV infec-
tion itself causes damage 
in Ifnar1−/− placentas and 
fetuses (evident as IUGR 
in Ifnar1−/− fetuses). How-
ever, IFN-α/β signaling in-
duces additional pathogenic 
effects in Ifnar1+/− fetuses, 
including more severe IUGR, 
hypoxia, placental damage, 
and fetal demise.
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a general mechanism by which IFN-/ signal-
ing could contribute to placental pathology in 
a variety of pregnancy complications.
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