
During pandemics, special risk populations are 
often more vulnerable to severe disease and 

death. Pregnant women experienced higher mortal-
ity and critical illness rates during the 2009 influenza 
pandemic (1), the SARS-CoV-2 pandemic (2), and 
the 2014–2016 Ebola epidemic in Africa (3). Global 
efforts are needed to proactively recognize and miti-
gate risks to pregnant women before the onset of a 
pandemic, rather than as a reactive process after a 
pandemic has started.

Recent case reports of human infection with 
avian influenza A(H5N2) and A(H5N1) viruses have  

renewed concerns regarding the heightened risk for a 
pandemic. An increasing number of cases of human 
avian influenza virus infection have been reported 
since 2004, and increasing case numbers have been 
seen since 2023 (4), exceeding 1,400 cases across dif-
ferent subtypes (5). Avian influenza is commonly 
caused by influenza A virus subtypes H5, H7, and 
H9. Occurring naturally among wild water birds, a 
rising number of avian influenza infections have been 
reported in domestic poultry and in mammals, in-
cluding domestic cats and dogs and humans (6).

In April 2024, a human case of H5N2 virus infec-
tion was described in a 59-year-old man from Mexico 
who later died (7). The man had no known contact 
with infected animals, but cases of infected poultry 
were detected in the neighboring Mexican state in 
March 2024 (7). That case was the first known human 
case of A(H5N2) influenza virus infection, although 
seropositivity has been previously described in poul-
try workers in Japan after a large avian outbreak in 
2005 (8). The possibility that seasonal influenza vac-
cination influences H5N2 virus neutralizing antibody 
titers makes understanding seroepidemiology and 
risk for human infection challenging (9).

Of similar concern are increasing cases of influ-
enza A(H5N1) virus infection in animals. Sporadic 
cases of infections in mammals have been described 
in Europe, South America, North America, and Asia 
(6). Unexplained illness in dairy cattle leading to de-
creased milk production was described in the Unit-
ed States in January 2024 (10). Influenza A(H5N1) 
virus was later detected in cattle in March 2024, as 
was a human case of infection after exposure to dairy 
cows in April 2024 (11). Illness in other animals has 
also occurred, including detection in foxes, sea el-
ephants, and sea lions, as well as in domestic animals, 
such as dogs and cats (6). Symptomatic human in-
fection has also occurred in Cambodia, where 5 hu-
man cases related to infected poultry were reported 
in early 2024 (12). Other case reports have emerged,  
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Human cases of avian influenza A(H5N2) and A(H5N1) 
viruses associated with outbreaks in birds and mammals 
are increasing globally, raising concerns about the possi-
bility of a future avian influenza pandemic. We conducted 
a systematic review examining 30 reported cases of avian 
influenza in pregnant women. We found high mortality 
rates for mothers (90.0%, 27/30) and their babies (86.7%, 
26/30) when women were infected with avian influenza 
virus during pregnancy. Despite being a high-risk popula-
tion and having worse health outcomes across multiple 
pandemics, pregnant women are often excluded from 
vaccine trials. However, as the risk for a new pandemic 
increases and human vaccines against avian influenza 
are developed, early inclusion of pregnant women in clini-
cal trials can inform the risk–benefit analysis for both the 
mother and their newborn infant. Early inclusion of preg-
nant women in public health vaccination programs is vital 
for protecting this high-risk population.
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including a case in Vietnam after exposure to wild 
birds, a child in Australia who had recently traveled 
to India (13), and 17 cases in the United States, includ-
ing 16 patients who had contact with infected dairy 
cows or poultry (14).

In previous influenza pandemics, pregnant wom-
en experienced worse health outcomes and higher 
mortality rates than the general population. In some 
studies, pregnant women accounted for up to 9% of 
intensive care unit (ICU) admissions and up to 10% 
of patients who died (1). The risk for severe disease or 
adverse outcomes among pregnant women was ob-
served again during the COVID-19 pandemic (2), be-
fore the introduction of vaccination, when pregnant 
women were at an increased risk for critical illness 
requiring ICU admission, extracorporeal membrane 
oxygenation, or mechanical oxygenation compared 
with nonpregnant women of a similar age.

Despite the increased risks, in the past, pregnant 
women have been excluded from clinical prelicensure 
trials of vaccines and therapeutic agents aiming to ad-
dress pandemics (15,16). Pregnant women also have 
been excluded or have had delayed entry into popu-
lation-level public health vaccination programs (15). 
As avian influenza virus infections in humans increase 
(11,13,17), understanding which populations are likely 
to be most vulnerable will be critical to pandemic pre-
paredness efforts. We conducted a systematic review 
of avian influenza virus infection during pregnancy to 
assess adverse effects among this population.

Methods

Search Strategy
We followed Preferred Reporting Items for Systemat-
ic Reviews and Meta-Analyses (PRISMA) guidelines 
to conduct a systematic review of avian influenza 
virus during pregnancy and its effects on pregnancy 
outcomes. We searched MEDLINE (https://www.
nlm.nih.gov/medline/medline_home.html) and EM-
BASE (https://www.embase.com) databases from 
inception through June 2024 for original studies. 
We identified additional records through reference 
checking. The studies included pregnant women who 
had experienced an avian influenza virus infection 
during any stage of pregnancy. We included studies 
that reported on pregnancy outcomes.

Study Selection Process and Data Extraction
We searched databases and reviewed titles and ab-
stracts for each study, then we removed duplicate 
studies from search results. Two independent review-
ers screened all abstracts and full texts selected for  

retrieval. The authors reviewed full text for articles 
that met the study inclusion criteria. We extracted and 
compiled data in a PRISMA format table, including 
study design, setting, number of participants, inter-
vention group or population, and outcomes (Table).

Inclusion and Exclusion Criteria
Studies included for full text review were random-
ized or nonrandomized controlled trial studies, co-
hort studies, retrospective or prospective observa-
tional studies, or case series or case reports. Because 
many included articles were from China, we included 
studies published in Mandarin and had those trans-
lated by a local author. We excluded studies that did 
not report on primary outcome, those in which preg-
nant women were not differentiated from other study 
participants, and those reporting duplicate data.

Definitions Related to Outcomes of Interest
We defined preterm birth as any live birth before 37 
completed gestational weeks. We only included avian 
influenza virus infections in humans for analysis.

Results

Study Selection
After removal of duplicate studies, we identified a 
total of 1,602 publications (Figure). From those, we 
excluded 1,592 studies after abstract screening and 
conducted a full text review for 10 studies, 8 of which 
we included for analysis. Reasons for exclusion in-
cluded that the population described was not preg-
nant women, the pregnancy outcome was not known, 
or the case report was a duplication of a previously 
described patient (26) (Figure). Included studies were 
7 individual case reports and 1 retrospective cohort 
study. To avoid duplication, we removed 3 persons 
described in individual case reports (20,25,27) from 
our description of the retrospective cohort because 
those persons were also described in the retrospec-
tive cohort study (18).

The review included a population of 30 pregnant 
women with diagnosed avian influenza virus infec-
tion during pregnancy (Table). The women resided 
across 4 countries, and most were from China. One 
review reported on patients from multiple countries 
(18). The avian influenza virus strains described in-
cluded H5N1 (n = 16), H7N9 (n = 13), and H5N6 (n 
= 1). Microbiological diagnosis was made via PCR of 
tracheal aspirates, throat swab samples, or sputum, 
followed by genomic sequencing. Serologic testing in 
conjunction with PCR testing was used to exclude in-
fection in 1 surviving neonate (19).
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Exposure to poultry, either through attendance at 
live poultry markets or working with live poultry (n = 
12), or contact with sick poultry (n = 15) was common 
among included cases. The described incubation pe-
riod across the cases was 1–10 days. The maternal age 
range was 20–35 years, and gestational age at the time 
of infection was 8–36 weeks. No study reported sea-
sonal influenza vaccination status of affected women 
in the year of their infection.

Maternal and infant outcomes were poor. Mater-
nal death occurred in 90.0% (n = 27) of cases. In most 
(86.6%, 26/30) cases, fetuses died with the mothers. 
Of the 5 infants who survived, 4 were born prema-
turely (range 33–36 weeks’ gestation). Three of those 
births occurred at the time of maternal infection, ei-

ther by spontaneous labor or emergency caesarean 
section (18,19,22). One infant was born prematurely 
at 35 weeks’ gestation, 2 months after maternal infec-
tion (25). The timing of infection during pregnancy 
did not appear to influence the likelihood of maternal 
or infant survival.

Discussion
Limited information on avian influenza virus infec-
tions in pregnancy is available, and we found only 
30 reported cases despite >1,400 infected humans de-
scribed in the literature (5). What we do know from 
the cases reported is that outcomes for mothers and 
their fetuses were poor, and most cases ended in 
both maternal and in utero fetal death. Although less  
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Table. Summary of included studies* 

Reference 
Study 
design 

Country 
of origin 

Sample 
size 

Virus 
strain 

Diagnostic 
method Population Outcomes 

 (18) RSCS China, 
Egypt, 

Indonesia 

23 H7N9 PCR 10 pregnant women, mean 
age 28 y (range 20–35 y); 

GA at time of infection: 
trimester 1 (n = 3), 
trimester 2 (n = 4), 
trimester 3 (n = 3) 

 

9 maternal and 8 in utero fetal 
deaths. One infant born 

prematurely at 33 weeks GA to a 
mother who later died. The 

woman who survived was at 9-
weeks GA at time of infection 

and her infant survived. 
    H5N1 PCR 13 pregnant women, mean 

age 24.8 y (range 20–35); 
GA at time of infection: 

trimester 1 (n = 1), 
trimester 2 (n = 7), 
trimester 3 (n = 2), 

unknown GA (n = 5) 

13 maternal and 12 in utero fetal 
deaths. Delivery of 1 infant via 

emergency caesarean section at 
36 weeks GA before maternal 

death; infant was LBW (2.3 kg), 
was not infected, and survived. 

 (19) Case 
report 

Vietnam 1 A(H5N1) 
clade 1.1 

PCR and 
genome 

sequencing of 
tracheal 
aspirate 

(maternal); 
throat swabs, 

serum 
(neonate) 

26 years of age, 36 weeks 
GA; worked slaughtering 

poultry 

Maternal death, newborn 
survived. Premature birth with 

LBW and early onset 
pneumonia. Infant recovered by 
day 16 of life. PCR and serum 
specimens for H5N1 negative. 

 (20) Case 
report 

China 1 A(H5N1) PCR and 
genome 

sequencing of 
tracheal 
aspirate 

Age unknown, 16 weeks 
GA, who slaughtered sick 

poultry 

Maternal and in utero fetal death 

 (21) Case 
report 

China 1 A(H5N1) PCR Age and gestation 
unknown, had contact with 

poultry. 

Maternal and in utero fetal death 

 (22) Case 
report 

China 1 A(H5N6) PCR of throat 
swab, sputum 

40 years of age, 35 weeks 
GA; contact with poultry 

unknown 

Maternal survival; live birth of 
premature infant, 35 weeks GA. 

No infant infection 
 (23) Case 

report 
China 1 A(H7N9) PCR 29 years of age, 27 weeks 

GA; contact with poultry 
unknown 

Maternal and in utero fetal death 

 (24) Case 
report 

China 1 A(H7N9) PCR of tracheal 
aspirate 

28 years of age, 26 weeks 
GA; contact with poultry 

unknown 

Maternal and in utero fetal death 

 (25) Case 
report 

China 1 A(H7N9) Unknown 25 years of age, 17 weeks 
GA; visited live animal 
market 2 weeks before 

illness 

Maternal survival; infant born at 
35 weeks GA, 2 mo after 

maternal hospital discharge 

*All the adult population described in the table are pregnant women. GA, gestational age; LBW, low birthweight; RSCS, retrospective cohort study. 
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severe cases could be more likely to be detected and 
reported, the limited description of outcomes for 
pregnant women infected with avian influenza virus 
paints a concerning picture.

We noted no obvious pattern between the tim-
ing of infection during pregnancy and maternal or 
fetal and infant outcomes. We found no reported 
cases of pregnant women infected with H5N2 virus. 
The last case of H5N1 virus infection in a pregnant 
woman was reported in 2019 (23), and we found no 
cases associated with the outbreaks occurring in 2024 
through June.

Pregnancy is a unique physiologic state, and of-
ten renders otherwise healthy women vulnerable 
to worse outcomes after some infections than non-
pregnant persons. That phenomenon has been seen 
in multiple infectious disease epidemics, including 
influenza (1), the COVID-19 pandemic (25), and vi-
ral hemorrhagic fever outbreaks, such as Lassa fever 
and Ebola (3,26). Health impacts of infections are not 
limited to the mother, and reports of premature birth 
or infant death related to maternal death are increas-
ing. Adverse effects on the infant have been noted 
not only with maternal death, but also among infants 
born to women admitted to an ICU (27).

The viral infections described in poultry and other 
mammals in 2024 are primarily avian viruses, and no 
genetic changes which would increase transmission 
to, and between, humans have been observed (28). A 
2024 report on H5N1 viral whole-genome sequencing 

from dairy cattle, birds, domestic cats, and a raccoon 
in association with epidemiologic data supported ef-
ficient cow-to-cow transmission, increasing concern 
about the potential ability of avian influenza H5N1 
clade 2.3.4.4b to cross species and efficiently trans-
mit within new species (29). On April 23, 2024, joint 
analysis of the World Health Organization, World 
Organisation for Animal Health, and Food and Agri-
culture Organization of the United Nations assessed 
the overall public health risk posed by H5N1 as low 
(30). However, persons who have exposure to infect-
ed animals or contaminated environments are at an 
increased risk level (31). Nonetheless, efforts in vac-
cine development have been made to provide human 
protection against acquisition and severe disease, and 
antigenic analysis demonstrated that the avian influ-
enza virus detected in humans in 2024 would be well 
covered by candidate vaccine viruses (31). A vaccine 
for humans against H5N1 influenza virus has been 
developed, and major investments have been made to 
promote development using mRNA technology (32).

The European Commission’s Health Emergency 
Preparedness and Response Authority procured 
665,000 zoonotic avian influenza virus vaccine doses 
(33), and vaccination for persons working in high-risk 
occupations, such as fur farmers, was commenced in 
Finland (33). However, vaccination during pregnancy 
is listed as a contraindication, and health providers 
cautioned against vaccinating pregnant women be-
cause of insufficient safety data (34).
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Figure. Flow diagram for 
study review and inclusion in 
a systematic review of avian 
influenza virus infection and 
outcomes during pregnancy.
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The inclusion of women as early as possible is a key 
priority in pandemic planning (16,35). The presumption 
of inclusion described in advocacy attempts to change 
the default approach and aims to normalize the position 
of pregnant women being included in vaccine devel-
opment, research, and deployment programs (36). Al-
though efforts have been made by leading public health 
bodies to preempt the impact of respiratory viral pan-
demics on pregnant women (37), those efforts have yet 
to result in a universal systemic approach. During the 
COVID-19 pandemic, pregnant women were largely 
excluded from vaccine trials, and only 2 of 90 studies 
included pregnant women (15). Although the speed of 
SARS-CoV-2 vaccine development was unprecedented, 
the noninclusion of pregnant women, who were known 
to experience more severe infections than the general 
population (2), highlights how inclusion and equality of 
access to vaccination remains a core issue.

Ethical pandemic preparedness to avoid prevent-
able deaths requires early inclusion of vulnerable 
populations in vaccine development, monitoring, 
and trials (38,39). The dogma of presumptive exclu-
sion of pregnant women needs to change (36,38), 
and a pregnancy-focused research agenda should be 
developed and implemented by ethically informed 
oversight from institutional review boards, regula-
tors, and policy makers (38).

Harnessing existing monitoring systems and 
resources to identify and include pregnant women 
and infant outcomes through use of administrative 
endpoints (38)—for example by using International 
Classification of Diseases, 10th Revision ,codes (37) —
could be a method of providing systematic and time-
ly prospective data. That strategy must be parallelled 
with a commitment to the rapid development and 
deployment of codes used to report new infections. 
Investment in the upkeep and readiness of preg-
nancy registries is also required. Although platforms 
in some jurisdictions have data available in a timely 
manner (40), others often report outcomes several 
years later (39). As recommended by the Pregnancy 
Research Ethics for Vaccines, Epidemics, and New 
Technologies (PREVENT) Working Group, suitability 
for administration during pregnancy should be a con-
sideration when funding bodies are reviewing vac-
cine candidates, and the early initiation of preclinical 
development toxicology studies should be prioritized 
before efficacy studies (38). Vaccine trials that include 
women of childbearing age should be structured to 
systematically collect data on pregnancy-related 
safety outcomes and immunogenicity in the event of 
pregnancy occurring (36). Those data may also help 
inform outcomes from vaccine exposures earlier in 

pregnancy than would occur in planned antenatal 
vaccine trials. Similarly, using existing Rapid Cycle 
Analyses structures (41), such as the signal detec-
tion systems developed by the Global Vaccine Data 
Network or the Vaccine Safety Datalink (40,42), gives 
real-time data around population level vaccine safety.

Conclusions
We used PRISMA guidelines to conduct a systematic 
review of avian influenza virus during pregnancy 
to assess infection effects on pregnancy outcomes. 
We found limited reports of outcomes for pregnant 
women infected with avian influenza virus in the lit-
erature. Of those reports, mortality rates for infected 
women and their infants was >90%.

As human cases of avian influenza A(H5N1) and 
A(H5N2) virus infection increase, awareness of the 
vulnerability of pregnant women to a new pandemic 
is needed. A paradigm shift is required to routinely 
include that population in pandemic preparedness 
programs and avoid preventable deaths. Inclusion 
could be achieved through using the capacity of 
existing surveillance systems, planning vaccine tri-
als to include the complex needs of pregnancy, and 
scaling up signal detection systems to identify preg-
nancy outcomes.
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