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Abstract 

Background: Evidence regarding the effectiveness and safety of the influenza vaccine during 

pregnancy is crucial for healthcare providers' decision-making processes. This study aims to review 

the existing evidence on the effectiveness and safety of influenza vaccination in pregnant women and 

its impact on pregnancy outcomes. 

Materials and Methods: In this overview, two independent researchers selected articles reporting on 

the effectiveness and safety of influenza vaccination for pregnant women and their fetuses. The search 

was conducted across multiple databases, including Scopus, EMBASE, Cochrane Library, Web of 

Science, CINAHL, Medline, and Google Scholar, without any time restrictions up to January 2023. 

Results: Based on the available evidence, pregnant women are at a higher risk of serious illness from 

influenza compared to non-pregnant women. The influenza vaccine is the most effective way to 

protect both pregnant women and their infants against influenza, as well as to prevent potential 

complications associated with the virus during pregnancy. Vaccination during pregnancy is safe, cost-

effective, and provides neonatal protection against influenza through the partial transplacental transfer 

of protective antibodies. There is no evidence linking influenza vaccination administered at any stage 

of pregnancy to adverse outcomes such as premature birth, spontaneous abortion, congenital 

anomalies, shortened gestation, gestational diabetes, chorioamnionitis, gestational hypertensive 

disorders, or fetal death. Furthermore, influenza vaccination during pregnancy has been shown to 

reduce the risk of pre-delivery hospitalization due to influenza-like illness by approximately 39%. 

Conclusion: The administration of an inactivated influenza vaccine during pregnancy is safe for both 

the mother and the fetus and is recommended for all pregnant women. There is no evidence linking 

influenza vaccination to maternal complications or adverse fetal outcomes. 
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1- INTRODUCTION 

      Influenza, commonly known as the flu, 

is an infectious disease caused by 

influenza viruses. There are four types of 

influenza viruses: A, B, C, and D. Aquatic 

birds are the primary reservoirs for the 

influenza A virus (IAV), which is also 

prevalent in various mammals, including 

humans and pigs. The influenza B virus 

(IBV) and influenza C virus (ICV) 

primarily infect humans, while the 

influenza D virus (IDV) is found mainly in 

cattle and pigs. IAV and IBV circulate 

among humans and are responsible for 

seasonal epidemics. ICV typically causes 

mild infections, predominantly in children, 

whereas IDV can infect humans but is not 

known to cause illness (1-10). 

Influenza affects different population 

groups disproportionately, with pregnant 

women, young children, the elderly, and 

individuals with certain health conditions 

being at the highest risk for serious 

complications. Since the 1918 influenza 

pandemic (11), pregnant women and their 

infants (up to six months of age) have been 

recognized as two critical groups at high 

risk for severe disease and complications 

(12-20). 

Influenza can be particularly severe in 

pregnant women and newborns. Changes 

in the immune system, heart, and lungs 

during pregnancy increase the likelihood 

of complications from influenza compared 

to non-pregnant women of childbearing 

age. Influenza can lead to life-threatening 

illnesses, such as pneumonia, and can 

cause damage to the heart, brain, and other 

organs. These complications may result in 

hospitalization and even death. Evidence 

suggests that pregnant women are more 

vulnerable during pandemics (15-19). 

During the last influenza pandemic 

(2009/H1N1), data indicated that pregnant 

women were especially susceptible to 

severe infection (15-19), leading to 

increases in both maternal and perinatal 

mortality (21, 22). The most effective way 

to protect pregnant women against 

influenza is through vaccination (23). The 

World Health Organization (WHO) 

recommends influenza vaccination for 

pregnant women at any stage of pregnancy 

(24). 

Research has shown that influenza 

vaccination during pregnancy is highly 

effective in preventing the disease and its 

complications for both mothers and 

newborns, providing passive protection to 

the baby in utero through the placenta for 

up to six months after birth (25, 26). 

Therefore, protecting pregnant women and 

infants from influenza is a priority, 

particularly highlighted during the 2009 

influenza A (H1N1) pandemic when 

pregnant women experienced severe 

complications from influenza infection 

(15-17). 

However, vaccination is often perceived as 

an expensive public health measure, and a 

significant amount of new evidence has 

emerged following the 2009 outbreak of 

influenza A (H1N1) (15, 16, 21, 22). The 

aim of this rapid review is to assess all 

available studies—including reviews, 

systematic reviews, and cohort studies—to 

clarify the effectiveness and safety of 

influenza vaccination during pregnancy 

and its impact on pregnancy outcomes.  

2- MATERIALS AND METHODS 

        This overview included all reviews, 

cohort studies (both prospective and 

retrospective clinical observational 

studies), systematic reviews, and meta-

analyses available in full text in Persian or 

English. The search covered articles from 

the inception of each database up to 

January 2023. The databases searched 

included Scopus, EMBASE, Cochrane 

Library, Web of Science, CINAHL, 

Medline (via PubMed), and Google 

Scholar. This study focused on pregnant 

women with or without risk factors for 

complications from influenza infection, as 
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well as their fetuses and infants up to six 

months of age. 

The aim of this overview was to 

comprehensively assess the effectiveness 

and safety of influenza vaccination during 

pregnancy and its impact on maternal, 

fetal, and neonatal outcomes. Two 

independent researchers conducted the 

search process to ensure methodological 

rigor, with a supervisor resolving any 

discrepancies. 

The steps taken to develop this review 

included: 

 Identifying the research question. 

 Identifying relevant studies through 

systematic database searches. 

 Selecting eligible studies based on 

predefined inclusion criteria. 

 Summarizing and reporting the data to 

provide a comprehensive synthesis of 

findings. 

This study did not require ethics 

committee approval because it exclusively 

analyzed publicly accessible articles. 

Nonetheless, ethical standards were upheld 

by adhering to copyright regulations and 

providing transparent documentation of 

methods and sources. 

3- RESULTS 

       A total of 16 relevant studies were 

selected, including 5 systematic reviews 

and meta-analyses, 5 reviews, and 6 cohort 

studies. The general specifications and 

data from the selected articles are 

presented below: 

1. A systematic review and meta-analysis 

of ten studies aimed to investigate the risk 

factors for influenza virus infection during 

pregnancy and analyze its impact on 

pregnancy outcomes, particularly birth 

weight. The results indicated that anemia, 

asthma, and obesity during pregnancy are 

significant risk factors for influenza A 

virus infection. Regarding birth outcomes, 

influenza A virus infection did not affect 

the likelihood of cesarean section. 

However, mothers with influenza had a 

higher rate of stillbirth, and their offspring 

had lower five-minute Apgar scores (P < 

0.05). Additionally, the rate of birth weight 

below 2500 g was increased (P = 0.04, 

Relative Risk (RR) = 1.71, 95% 

Confidence Interval (CI): 1.03-2.84) (27). 

2. A systematic review of 40 studies aimed 

to investigate the safety of inactivated 

influenza vaccination (IIV) during 

pregnancy. The results confirmed the 

safety of influenza vaccination in this 

population and indicated that there is no 

evidence of an increased risk of adverse 

pregnancy outcomes following influenza 

vaccination (28). 

3. A systematic review of 46 studies aimed 

to synthesize the best available evidence 

on the effectiveness and safety of influenza 

vaccination during pregnancy for mothers, 

fetuses, and infants. The results indicated 

that the influenza vaccine administered 

during pregnancy was effective and 

provided a similar reduction in influenza-

like illnesses as observed in the healthy 

adult population. However, there is no 

evidence supporting the effectiveness of 

the influenza vaccine in reducing severe 

illness or hospitalization in pregnant 

women. Infants born to vaccinated mothers 

during their second or third trimester 

showed reduced rates of influenza and 

influenza-related hospitalization during 

their first six months of life. Additionally, 

influenza vaccination during pregnancy 

was not associated with adverse outcomes 

for the fetus, including premature birth, 

small size for gestational age, congenital 

malformations, spontaneous abortion, or 

fetal death (29). 

4. A systematic review and meta-analysis 

of 18 studies aimed to determine the 

impact of maternal vaccination on the rates 

of preterm births (PTB), small for 

gestational age (SGA), and low birth 

weight (LBW). The results indicated that 
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receiving the influenza vaccine during 

pregnancy was associated with a decreased 

risk of both PTB and LBW (30). 

5. A systematic review and meta-analysis 

of 17 studies aimed to assess the effect of 

influenza infection on pregnancy 

outcomes. The results indicated that 

influenza infection was associated with a 

higher risk of stillbirth. However, the 

impact of infection on preterm birth, fetal 

death, small for gestational age, and low 

birth weight remains uncertain (31). 

6. A review aimed to examine Indian 

studies on influenza among pregnant 

women. The results indicated that in most 

studies, influenza A (pH1N1) was 

associated with increased maternal 

mortality (25–75%), greater disease 

severity, and adverse fetal outcomes 

compared to non-pregnant women (32). 

7. A review recommended inactivated 

influenza vaccination for pregnant women. 

All women who are pregnant or about to 

deliver during the influenza season should 

receive either the trivalent or quadrivalent 

influenza vaccine, regardless of their 

trimester. Vaccination during pregnancy is 

a safe and cost-effective method that also 

provides neonatal protection against 

influenza through the partial transplacental 

transfer of protective antibodies (33). 

8. A review aimed to provide information 

on the influence of influenza virus 

infection during pregnancy on maternal 

health and pregnancy outcomes, as well as 

the effects of treatment and vaccination. 

The results indicated that pregnant women 

may be at an increased risk of 

complications from influenza virus 

infection, particularly during the third 

trimester. For hospitalized patients, higher 

rates of preterm birth and fetal/neonatal 

death were reported. Vaccination of 

pregnant women is safe and reduces 

maternal and neonatal morbidity (34). 

9. A review aimed to investigate the 

literature on the safety, effectiveness, and 

coverage rates of the influenza vaccine 

during pregnancy, as well as opportunities 

to improve vaccination rates. The results 

indicated that no study demonstrated an 

increased risk of maternal complications or 

adverse fetal outcomes associated with the 

inactivated influenza vaccine. The 

influenza vaccine can be safely and 

effectively administered during any 

trimester of pregnancy (35). 

10. A review aimed to briefly discuss the 

data collected before and after the 2009 

pandemic regarding the impact of 

influenza on pregnant women and their 

fetuses/newborns. The results highlighted 

the benefits and established safety record 

of vaccination for pregnant women. 

Preventing influenza infection in pregnant 

women and their newborns begins with 

efforts to limit exposure, including 

handwashing, respiratory hygiene, cough 

etiquette, and the implementation of 

infection control precautions and 

environmental procedures in healthcare 

settings frequented by these individuals. It 

has also been documented that risks 

increase as pregnancy progresses, with 

influenza-associated hospitalization rates 

being up to five times higher in women 

infected during the third trimester (36). 

11. A retrospective cohort study involving 

86,779 pregnancies during the influenza 

season from 2012 to 2014 aimed to 

measure the epidemiological 

characteristics of seasonal influenza 

infection among pregnant women and its 

impact on infant health. The results 

indicated no differences in the number of 

infection cases admitted to hospitals based 

on trimester or subtype of infection. 

Influenza B infections were more likely to 

occur in the second trimester compared to 

A/H3N2 and A/H1N1 infections, with 

rates of 41.3%, 23.6%, and 33.3%, 

respectively. On average, infants born to 

women with influenza B during pregnancy 

had birth weights that were 4.0% (95% CI: 
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0.3–7.6%) lower than those of infants born 

to uninfected women (P = 0.03) (37). 

12. A retrospective cohort study utilized a 

birth registry from health administrative 

data encompassing all live births in Nova 

Scotia, Canada, between 2010 and 2014 to 

assess the association between maternal 

influenza vaccination during pregnancy 

and early childhood health outcomes. The 

results indicated that maternal influenza 

vaccination during pregnancy was not 

associated with immune-related adverse 

health outcomes (e.g., asthma, infections), 

non-immune-related health outcomes (e.g., 

neoplasms, sensory impairment), or 

nonspecific health service utilization (e.g., 

emergency department visits and 

hospitalizations) in young children (38). 

13. A national, prospective, observational 

cohort study utilized the UK Obstetric 

Surveillance System (UKOSS) to identify 

all pregnant women admitted to hospitals 

between 2016 and 2018 with laboratory-

confirmed influenza at any gestational age, 

up to two days after giving birth. The 

study aimed to describe the characteristics 

and outcomes of pregnant women 

hospitalized with seasonal influenza and 

found that influenza immunization reduced 

the risk of hospitalization due to influenza 

during pregnancy. Increased awareness of 

the safety and effectiveness of 

immunization during pregnancy, along 

with improved vaccine provision within 

antenatal care settings—especially for 

high-risk groups—is necessary (39). 

14. A prospective, longitudinal cohort 

study of pregnant women in three middle-

income countries (Thailand, Peru, and 

India) evaluated the effect of laboratory-

confirmed influenza on pregnancy and 

perinatal outcomes. The results indicated 

that pregnant women were at an increased 

risk for influenza-associated 

hospitalizations; however, little was 

known about the incidence of influenza 

and its associated complications during 

pregnancy. There were no published 

studies from low- or middle-income 

countries regarding the effect of seasonal 

influenza during pregnancy on birth 

outcomes, despite the fact that pregnancies 

in these regions accounted for over 90% of 

global births (40). 

15. A retrospective cohort study involving 

1,253 healthy nulliparous pregnant women 

in South Australia between 2015 and 2018 

aimed to assess the safety and protective 

effect of maternal influenza vaccination on 

pregnancy and birth outcomes. The results 

supported the safety of maternal influenza 

vaccination and suggested a positive effect 

on reducing rates of low birth weight and 

small-for-gestational-age births. There was 

no evidence of associations between 

influenza vaccination administered at any 

time during pregnancy and adverse 

pregnancy or fetal outcomes, including 

spontaneous abortion, congenital 

anomalies, shortened gestation, gestational 

diabetes, chorioamnionitis, or gestational 

hypertensive disorders, consistent with 

existing literature. Additionally, the study 

found that influenza vaccination during 

pregnancy reduced a woman's risk of pre-

delivery hospitalization due to influenza-

like illnesses by approximately 39% (41). 

16. A prospective cohort study involving 

more than 11,000 pregnant women from 

three middle-income countries (India, 

Peru, and Thailand) aimed to assess the 

effect of antenatal influenza on pregnancy 

outcomes. The results indicated that 

influenza was not associated with preterm 

birth but was linked to a decrease in birth 

weight for singleton, full-term, live-born 

infants. Additionally, women faced a 0.7–

0.9% risk of influenza for each month of 

pregnancy spent during the influenza 

season (42). 

4- DISCUSSION 

      This overview aimed to review the best 

available evidence on the effectiveness and 

safety of influenza vaccination during 

pregnancy and its impact on pregnancy 
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outcomes. The studies reviewed 

underscore the significant effects of 

influenza infection and vaccination during 

pregnancy on maternal and infant health. 

Pregnant women face increased risks of 

complications from influenza, particularly 

in the later stages of pregnancy. 

Vaccination has been shown to be safe and 

effective, reducing hospitalization rates 

and adverse outcomes such as low birth 

weight and small-for-gestational-age 

births, without increasing the risk of 

complications. 

Influenza typically presents with 

symptoms such as fatigue, headache, 

muscle aches, and fever. This winter 

(2022/2023), both COVID-19 and 

influenza continue to circulate, making it 

challenging to distinguish between them 

based solely on symptoms without 

laboratory testing. This consideration is 

crucial in clinical assessments. The most 

effective way to prevent influenza 

infection is through vaccination (20, 24). 

There are four types of influenza viruses: 

A, B, C, and D. Human influenza A and B 

viruses cause seasonal epidemics of the 

disease, commonly referred to as the flu 

season, almost every winter. Influenza A 

viruses are the only type known to cause 

flu pandemics, which can occur when a 

new and distinct influenza A virus emerges 

that can efficiently infect and spread 

among people. Influenza C virus infections 

generally result in mild illness and are not 

considered responsible for human 

epidemics. Influenza D viruses primarily 

affect cattle and are not known to infect or 

cause illness in humans (10, 43-46). 

Three influenza pandemics occurred in the 

20th century: the Spanish influenza in 

1918 (approximately 50 million deaths), 

the Asian influenza in 1957 (two million 

deaths), and the Hong Kong influenza in 

1968 (one million deaths) (47). The World 

Health Organization declared a new type 

of influenza A (H1N1) outbreak a 

pandemic in June 2009 (48). Additionally, 

influenza can affect other animals, 

including pigs, horses, and birds (49). 

Most people recover from fever and other 

symptoms within a week without requiring 

medical attention. However, influenza can 

lead to severe illness or death, particularly 

among high-risk groups, including the very 

young, the elderly, pregnant women, 

healthcare workers, and individuals with 

serious medical conditions (43, 46). Most 

women who contract influenza during 

pregnancy develop a relatively mild 

illness; however, the risk of becoming 

seriously ill or dying is greater for 

pregnant women than for otherwise 

healthy individuals (50). Pregnant women 

are 2.5 times more likely to be hospitalized 

due to influenza compared to other women 

(51). Influenza infection during pregnancy 

can result in complications such as 

premature delivery and even neonatal and 

perinatal death (52). 

Vaccination is the most effective method 

for preventing severe influenza illness and 

its complications (27-42, 52-55). 

Inactivated influenza vaccines are 

administered to pregnant women in most 

countries, and based on available evidence, 

there are no significant safety concerns 

regarding influenza vaccination during any 

trimester of pregnancy (20, 25, 26, 36, 43-

63). Influenza viruses are primarily 

transmitted through respiratory droplets 

produced when infected individuals cough 

or sneeze. Transmission can also occur via 

aerosols and contaminated surfaces (64, 

65). In a typical year, 5–15% of the 

population contracts influenza (66, 67). 

Changes in the immune system, heart, and 

lungs during pregnancy make pregnant 

women more susceptible to severe 

influenza illness, pneumonia, and 

hospitalization (68). Reducing morbidity 

and mortality from influenza during 

pregnancy is an important public health 

priority that requires a comprehensive 

effort from public health officials, health 

educators, researchers, and the healthcare 
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system. Influenza immunization during 

pregnancy helps protect both the mother 

and the baby from the disease and its 

complications (52, 69, 70). Infants cannot 

receive their first dose of the influenza 

vaccine until they are six months old, so 

maternal vaccination is crucial for 

protecting the youngest infants from 

influenza. Infants of mothers who were 

immunized during pregnancy are less 

likely to be hospitalized for acute 

respiratory illnesses (55, 71, 72). 

The best way to protect young infants from 

pertussis and influenza is by immunizing 

their mothers during pregnancy. The 

American College of Obstetricians and 

Gynecologists (ACOG), the American 

Academy of Family Physicians (AAFP), 

the American Academy of Pediatrics 

(AAP), and the Centers for Disease 

Control and Prevention (CDC) recommend 

that all pregnant women receive Tdap 

(tetanus, diphtheria, and pertussis) and 

influenza immunizations (73, 74). The 

World Health Organization states that 

pregnant women are among the highest 

priority groups for seasonal influenza 

vaccination (56). The CDC recommends 

that all women who are, will be, or could 

be pregnant during the influenza season 

should receive an influenza vaccine during 

any trimester (75, 76). The composition of 

the influenza vaccine typically changes 

each year to accommodate the strain(s) of 

the virus expected to be most prevalent 

that year, making it critical to receive an 

influenza vaccine annually (77). 

The expected adverse events following 

influenza vaccines occur as frequently in 

pregnant women as in other populations. 

Local reactions (e.g., redness, swelling, 

and pain) occur in about one in ten adults 

who receive the vaccine, while systemic 

reactions (e.g., fever, tiredness, and 

myalgia) occur in fewer individuals. 

Serious adverse events, such as Guillain-

Barré syndrome, are very rare, occurring in 

about one in a million vaccinated people 

(78). 

Reducing morbidity and mortality from 

influenza during pregnancy is an important 

public health priority that requires 

extensive effort. Important hygiene 

measures to prevent the spread of 

influenza include frequent handwashing 

with soap and water, avoiding touching the 

eyes, nose, or mouth, wearing masks, 

staying home when ill, and limiting 

contact with others, especially those who 

are sick (79-82). 

5- CONCLUSION 

       The influenza vaccine, despite 

seasonal variations in effectiveness, 

remains the best method to prevent 

influenza infection and its complications. 

It significantly reduces symptom severity 

and lowers the risk of hospitalization and 

death, especially for pregnant women, who 

are at greater risk of serious illness. 

Research shows that administering an 

inactivated influenza vaccine during 

pregnancy is safe for both mother and 

fetus, with no adverse outcomes such as 

premature birth or congenital anomalies. 

Infants of vaccinated mothers have lower 

rates of influenza and related 

hospitalizations in their first six months of 

life, and vaccination reduces a pregnant 

woman’s risk of pre-delivery 

hospitalization due to influenza-like 

illnesses by about 39%. 

The studies highlight the critical role of 

influenza vaccination in improving 

maternal and infant health. However, there 

is a lack of research from low- and middle-

income countries on seasonal influenza 

during pregnancy, indicating a need for 

increased awareness and vaccination 

efforts in these regions. Promoting 

influenza vaccination among pregnant 

women is essential for enhancing maternal 

and child health outcomes globally. 

6- CONFLICT OF INTEREST: None. 



Pandemic Influenza and Pregnant Women 

Health Provid, Vol.3, N.1, Serial No.4, Jun. 2023                                                                                                 68 

7- REFERENCES 

1. Krammer F, Smith GJ, Fouchier RA, Peiris 

M, Kedzierska K, Doherty PC, Palese P, Shaw 

ML, Treanor J, Webster RG, García-Sastre A 

(28 June 2018). "Influenza". Nature Reviews 

Disease Primers, 2018; 4 (1): 3. 

2. Kalil AC, Thomas PG. "Influenza virus-

related critical illness: pathophysiology and 

epidemiology". Critical Care, 2019; 23(1): 

258. 

3. Peteranderl C, Herold S, Schmoldt C. 

"Human Influenza Virus Infections". Seminars 

in Respiratory and Critical Care Medicine, 

2016; 37 (4): 487–500. 

4. Virus Taxonomy: 2019 Release". 

International Committee on Taxonomy of 

Viruses. Retrieved 9 March 2021. 

5. Sederdahl BK, Williams JV. "Epidemiology 

and Clinical Characteristics of Influenza C 

Virus". Viruses, 2020; 12 (1): 89. 

6. Grohskopf LA, Blanton LH, Ferdinands JM, 

et al. Prevention and Control of Seasonal 

Influenza with Vaccines: Recommendations of 

the Advisory Committee on Immunization 

Practices - United States, 2022-23 Influenza 

Season. MMWR Recomm Rep 2022; 71:1. 

7. Uyeki TM. Influenza. Ann Intern Med 

2021; 174:ITC161. 

8. Uyeki TM, Bernstein HH, Bradley JS, et al. 

Clinical Practice Guidelines by the Infectious 

Diseases Society of America: 2018 Update on 

Diagnosis, Treatment, Chemoprophylaxis, and 

Institutional Outbreak Management of 

Seasonal Influenzaa. Clin Infect Dis 2019; 

68:e1. 

9. ACOG Committee Opinion No. 753: 

Assessment and Treatment of Pregnant 

Women with Suspected or Confirmed 

Influenza. Obstet Gynecol 2018; 132:e169.  

10. Kiani MA, Ghazanfarpour M, Saeidi M. 

Influenza: A Unique Disease. Int J Pediatr 

2019; 7(4): 9349-54. DOI: 

10.22038/ijp.2019.37939.3278. 

11. Harris J. Influenza occurring in pregnant 

women: A statistical study of thirteen hundred 

and fifty cases. JAMA. 1919;72(14):978-80. 

12. Dodds L, McNeill S, Fell D, Allen V, 

Coombs A, Scott J, et al. Impact of influenza 

exposure on rates of hospital admissions and 

physician visits because of respiratory illness 

among pregnant women. CMAJ. 

2007;176(4):463-8. 

13. Dreier JW, Andersen A-MN, Berg-

Beckhoff G. Systematic review and meta-

analyses: Fever in pregnancy and health 

impacts in the offspring. Pediatrics. 

2014;133(3):e674-88. 

14. Kay AW, Fukuyama J, Aziz N, Dekker 

CL, Mackey S, Swan GE, et al. Enhanced 

natural killer-cell and T-cell responses to 

influenza A virus during pregnancy. Proc Natl 

Acad Sci U S A. 2014;111(40):14506-11. 

15. Mosby L, Rasmussen S, Jamieson D. 2009 

pandemic influenza A (H1N1) in pregnancy: A 

systematic review of the literature. Am J 

Obstet Gynecol. 2011; 205(1):10-8. 

16. Omer SB, Bednarczyk RA, Madhi SA, 

Klugman KP. Benefits to mother and child of 

influenza vaccination during pregnancy. Hum 

Vaccin Immunother. 2012;8(1):130-7. 

17. Poehling KA, Edwards KM, Griffin MR, 

Szilagyi PG, Staat MA, Iwane MK, et al. The 

burden of influenza in young children, 2004–

2009. Pediatrics. 2013;131(2):207-16. 

18. Ruf BR, Knuf M. The burden of seasonal 

and pandemic influenza in infants and 

children. Eur J Pediatr. 2014;173(3):265-76. 

19. van Kerkhove MD, Vandemaele KAH, 

Shinde V, Jaramillo-Gutierrez G, Koukounari 

A, Donnelly CA, et al. Risk factors for severe 

outcomes following 2009 influenza A (H1N1) 

infection: A global pooled analysis. PLoS 

Med. 2011;8(7):e1001053. 

20.  Marshall H, McMillan M, Andrews RM, 

Macartney K, Edwards K. Vaccines in 

pregnancy: The dual benefit for pregnant 

women and infants. Hum Vaccin Immunother. 

2016;12(4):848-56. 

21. Pierce M, Kurinczuk JJ, Spark P, 

Brocklehurst P, Knight M. Perinatal outcomes 

after maternal 2009/H1N1 infection: national 

cohort study. BMJ. 2011;342:d3214. 

22. Donaldson LJ, Rutter PD, Ellis BM, 

Greaves FE, Mytton OT, Pebody RG, et al. 

Mortality from pandemic A/H1N1 2009 

influenza in England: public health 

surveillance study. BMJ. 2009;339:b5213. 



Tafazoli et al. 

Health Provid, Vol.3, N.1, Serial No.4, Jun. 2023                                                                                                 69 

23. Content source: Centers for Disease 

Control and Prevention, National Center for 

Immunization and Respiratory Diseases 

(NCIRD). Page last reviewed: September 13, 

2022.  

24. World Health Organization. Influenza 

(seasonal) fact sheet number 211. Available 

from: 

http://www.who.int/mediacentre/factsheets/fs2

11/en/ [accessed 3 December 2014].  

25. Eick AA, Uyeki TM, Klimov A, Hall H, 

Reid R, Santosham M, et al. Maternal 

influenza vaccination and effect on influenza 

virus infection in young infants. Arch Pediatr 

Adolesc Med. 2011;165(2):104-11. 

26. Poehling K, Szilagyi P, Staat M, Snively 

B, Payne D, Bridges C, et al. Impact of 

maternal immunization on influenza 

hospitalizations in infants. Am J Obstet 

Gynecol. 2011; 204(Suppl 6):S141-8. 

27. He J, Liu ZW, Lu YP, Li TY, Liang XJ, 

Arck PC, et al. A Systematic Review and 

Meta-Analysis of Influenza A Virus Infection 

During Pregnancy Associated with an 

Increased Risk for Stillbirth and Low Birth 

Weight. Kidney Blood Press Res. 

2017;42(2):232-243. doi: 10.1159/000477221. 

Epub 2017 May 15. PMID: 28514782. 

28. Giles ML, Krishnaswamy S, Macartney K, 

Cheng A. The safety of inactivated influenza 

vaccines in pregnancy for birth outcomes: a 

systematic review. Hum Vaccin Immunother. 

2019;15(3):687-99. doi: 

10.1080/21645515.2018.1540807. Epub 2018 

Nov 15. PMID: 30380986.  

29. McMillan M, Kralik D, Porritt K, Marshall 

H. Influenza vaccination during pregnancy: a 

systematic review of effectiveness and adverse 

effects. JBI Libr Syst Rev. 2012;10(56 

Suppl):1-11. doi: 10.11124/01938924-

201210561-00016. PMID: 27820287. 

30. Nunes MC, Aqil AR, Omer SB, Madhi 

SA. The Effects of Influenza Vaccination 

during Pregnancy on Birth Outcomes: A 

Systematic Review and Meta-Analysis. Am J 

Perinatol. 2016 Sep;33(11):1104-14. doi: 

10.1055/s-0036-1586101. Epub 2016 Sep 7.  

31. Ruitong Wanga, Wenxin Yana, Min Dua, 

Liyuan Taob , Jue Liu. The effect of influenza 

virus infection on pregnancy outcomes: A 

systematic review and meta-analysis of cohort 

studies. International Journal of Infectious 

Diseases, 2021;105:567-78. 

32. Bhalerao-Gandhi A, Chhabra P, Arya S, 

Simmerman JM. Influenza and pregnancy: a 

review of the literature from India. Infect Dis 

Obstet Gynecol. 2015;2015:867587. doi: 

10.1155/2015/867587. Epub 2015 Feb 24.  

33. Griffiths PD, Ronalds CJ, Heath RB. A 

prospective study of influenza infections 

during pregnancy. Journal of Epidemiology & 

Community Health. 1980 Jun 1;34(2):124-8. 

34. Meijer WJ, van Noortwijk AG, Bruinse 

HW, Wensing AM. Influenza virus infection 

in pregnancy: a review. Acta Obstet Gynecol 

Scand. 2015 Aug;94(8):797-819. doi: 

10.1111/aogs.12680. Epub 2015 Jun 13. 

PMID: 26012384. 

35. Naleway AL, Smith WJ, Mullooly JP. 

Delivering influenza vaccine to pregnant 

women. Epidemiol Rev. 2006;28:47-53. doi: 

10.1093/epirev/mxj002. Epub 2006 May 26. 

PMID: 16731574. 

36. Memoli MJ, Harvey H, Morens DM, 

Taubenberger JK. Influenza in pregnancy. 

Influenza Other Respir Viruses. 2013 

Nov;7(6):1033-9. doi: 10.1111/irv.12055. 

Epub 2012 Nov 21.  

37. Regan AK, Moore HC, Sullivan SG, DE 

Klerk N, Effler PV. Epidemiology of seasonal 

influenza infection in pregnant women and its 

impact on birth outcomes. Epidemiol Infect. 

2017 Oct;145(14):2930-2939. doi: 

10.1017/S0950268817001972. Epub 2017 Sep 

11. PMID: 28891463; PMCID: PMC9152762. 

38. Mehrabadi A, Dodds L, MacDonald NE, 

Top KA, Benchimol EI, Kwong JC, Ortiz JR, 

Sprague AE, Walsh LK, Wilson K, Fell DB. 

Association of Maternal Influenza Vaccination 

During Pregnancy With Early Childhood 

Health Outcomes. JAMA. 2021 Jun 

8;325(22):2285-2293. doi: 

10.1001/jama.2021.6778.  

39. Vousden N, Bunch K, Knight M; UKOSS 

Influenza Co-Investigators Group. Incidence, 

risk factors and impact of seasonal influenza in 

pregnancy: A national cohort study. PLoS 

One. 2021 Jan 15;16(1):e0244986. doi: 

10.1371/journal.pone.0244986.  

https://www.cdc.gov/ncird/index.html
https://www.cdc.gov/ncird/index.html
https://www.cdc.gov/ncird/index.html
https://www.sciencedirect.com/journal/international-journal-of-infectious-diseases
https://www.sciencedirect.com/journal/international-journal-of-infectious-diseases


Pandemic Influenza and Pregnant Women 

Health Provid, Vol.3, N.1, Serial No.4, Jun. 2023                                                                                                 70 

40. Dawood, F.S., Hunt, D., Patel, A. et 

al. The Pregnancy and Influenza Multinational 

Epidemiologic (PRIME) study: a prospective 

cohort study of the impact of influenza during 

pregnancy among women in middle-income 

countries. Reprod Health, 2018; 15: 159. 

https://doi.org/10.1186/s12978-018-0600-x. 

41. Mohammed H, Roberts CT, Grzeskowiak 

LE, Giles LC, Dekker GA, Marshall HS. 

Safety and protective effects of maternal 

influenza vaccination on pregnancy and birth 

outcomes: A prospective cohort study. 

EClinicalMedicine. 2020 Sep 9;26:100522. 

doi: 10.1016/j.eclinm.2020.100522.  

42. Dawood FS, Kittikraisak W, Patel A, 

Rentz Hunt D, Suntarattiwong P, Wesley MG, 

et al. Incidence of influenza during pregnancy 

and association with pregnancy and perinatal 

outcomes in three middle-income countries: a 

multisite prospective longitudinal cohort 

study. Lancet Infect Dis. 2021 Jan;21(1):97-

106. doi: 10.1016/S1473-3099(20)30592-2. 

Epub 2020 Oct 29. Erratum in: Lancet Infect 

Dis. 2020 Nov 6;: PMID: 33129424. 

43. Content source: Centers for Disease 

Control and Prevention, National Center for 

Immunization and Respiratory Diseases 

(NCIRD). Page last reviewed: November 2, 

2021.   

44. Thompson WW, Weintraub E, Dhankhar 

P, Cheng OY, Brammer L, Meltzer MI, et al. 

Influenza Other Respi Viruses. 2009;3: 37-49.  

45. Nair H, Abdullah Brooks W, Katz M et al. 

Global burden of respiratory infections due to 

seasonal influenza in young children: a 

systematic review and meta-analysis. 

Lancet, 2011; 378: 1917. 

 

46. World Health Organization. WHO 

recommended surveillance standards, 2nd 

ed. World Health Organization, 

1999. https://apps.who.int/iris/handle/10665/6

5517. 

47. "Ten things you need to know about 

pandemic influenza". World Health 

Organization. 14 October 2005. Archived from 

the original on 8 October 2009. Retrieved 26 

September 2009. 

48. Chan M. "World now at the start of 2009 

influenza pandemic". World Health 

Organization. Archived from the original on 

12 June 2009. Retrieved 12 June 2009. 

49. Palmer SR. Oxford textbook of zoonosis: 

biology, clinical practice, and public health 

control (2. ed.). Oxford u.a.: Oxford Univ. 

Press. 2011. p. 332. ISBN 978-0-19-857002-8. 

50. Mertz D, Geraci J, Winkup J, et al. 

Pregnancy as a risk factor for severe outcomes 

from influenza virus infection: A systematic 

review and meta-analysis of observational 

studies. Vaccine 2017;35:521-8.  

51. Rasmussen SA, Jamieson DJ, Uyeki TM. 

Effects of influenza on pregnant women and 

infants. American Journal of Obstetrics and 

Gynecology 2012;207(3 Suppl):S3-8. 

52. Fiore AE, Shay DK, Broder K, et al. 

Prevention and control of influenza: 

recommendations of the Advisory Committee 

on Immunization Practices (ACIP), 2008. 

MMWR Recomm Rep. 2008;57:1–60 

53. Regan AK, Klerk N, Moore HC, et al. 

Effectiveness of seasonal trivalent influenza 

vaccination against hospitalattended acute 

respiratory infections in pregnant women: A 

retrospective cohort study. Vaccine 

2016;34:3649-56. 

54. Madhi SA, Cutland CL, Kuwanda L, et al. 

Influenza vaccination of pregnant women and 

protection of their infants. New England 

Journal of Medicine 2014;371:918-31. 

55. Nunes MC, Madhi SA. Influenza 

vaccination during pregnancy for prevention 

of influenza confirmed illness in the infants: A 

systematic review and meta-analysis. Human 

Vaccines and Immunotherapeutics 

2018;14:758-66. 

56. Regan AK, Moore HC, de Klerk N, Omer 

SB, Shellam G, Mak DB, et al. Seasonal 

trivalent influenza vaccination during 

pregnancy and the incidence of stillbirth: 

Population-based retrospective cohort study. 

Clin Infect Dis. 2016;62(10):1221-7. 

57. Zhang C, Wang X, Liu D, Zhang L, Sun X. 

A systematic review and meta‐analysis of fetal 

outcomes following the administration of 

influenza A/H1N1 vaccination during 

pregnancy. Int J Gynaecol Obstet. 

2018;141(2):141-50. 

https://doi.org/10.1186/s12978-018-0600-x
https://apps.who.int/iris/handle/10665/65517
https://apps.who.int/iris/handle/10665/65517


Tafazoli et al. 

Health Provid, Vol.3, N.1, Serial No.4, Jun. 2023                                                                                                 71 

58. McMillan M, Porritt K, Kralik D, Costi L, 

Marshall H. Influenza vaccination during 

pregnancy: A systematic review of fetal death, 

spontaneous abortion, and congenital 

malformation safety outcomes. Vaccine. 

2015;33(18):2108-17. 

59. Bratton KN, Wardle MT, Orenstein WA, 

Omer SB. Maternal influenza immunization 

and birth outcomes of stillbirth and 

spontaneous abortion: A systematic review 

and meta-analysis. Clin Infect Dis. 

2015;60(5):e11-9. 

60. Chambers CD, Johnson DL, Xu R, Luo 

YJ, Louik C, Mitchell AA, et al. Safety of the 

2010–11, 2011–12, 2012–13, and 2013–14 

seasonal influenza vaccines in pregnancy: 

Birth defects, spontaneous abortion, preterm 

delivery, and small for gestational age infants, 

a study from the cohort arm of VAMPSS. 

Vaccine.2016;34(37):4443-9. 

61. Zerbo O, Modaressi S, Chan B, Goddard 

K, Lewis N, Bok K, et al. No association 

between influenza vaccination during 

pregnancy and adverse birth outcomes. 

Vaccine. 2017;35(24):3186-90. 

62. Lindley MC, Kahn KE, Bardenheier BH, 

D'Angelo DV, Dawood FS, Fink RV, et al. 

Vital signs: burden and prevention of influenza 

and pertussis among pregnant women and 

infants - United States. MMWR Morb Mortal 

Wkly Rep 2019;68:885-92. Available from: 

https://www.cdc.gov/mmwr/volumes/68/wr/m

m 6840e1.htm?s_cid=mm6840e1_w. 

Retrieved February 6, 2020.  

63. Fell DB, Dodds L, MacDonald NE, Allen 

VM, McNeil S. Influenza vaccination and fetal 

and neonatal outcomes. Expert Review of 

Vaccines 2013;12:1417-30.  

64. Milton DK. A Rosetta Stone for 

Understanding Infectious Drops and Aerosols. 

J Pediatric Infect Dis Soc. 2020 Sep 

17;9(4):413-415. doi: 10.1093/jpids/piaa079. 

PMID: 32706376; PMCID: PMC7495905. 

65. Kutter JS, Spronken MI, Fraaij PL, 

Fouchier RA, Herfst S. "Transmission routes 

of respiratory viruses among humans". Current 

Opinion in Virology. 2018; 28: 142–51. 

66. Allen JD, Ross TM. "H3N2 influenza 

viruses in humans: Viral mechanisms, 

evolution, and evaluation". Human Vaccines 

& Immunotherapeutics. 2018; 14 (8):1840–47. 

67. Vemula SV, Zhao J, Liu J, Wang X, 

Biswas S, Hewlett I. "Current Approaches for 

Diagnosis of Influenza Virus Infections in 

Humans". Viruses. 2016; 8 (4): 96. 

68. Centers for Disease Control and 

Prevention. Pregnant Women & Influenza 

(Flu). Available from: 

http://www.cdc.gov/flu/protect/vaccine/pregna

nt.htm Updated October 14, 2016. Accessed 

11/3/2016.  

69. Centers for Disease Control and 

Prevention. Flu Vaccine Safety and Pregnancy 

– Questions and Answers. Available from: 

http://www.cdc.gov/flu/protect/vaccine/qa_vac

pregnant.htm. Updated August 25, 2016. 

Accessed 9/12/2016.  

70. US Department of Health and Human 

Services. HHS pandemic influenza plan. 2005. 

Available from: http:// 

www.hhs.gov/pandemicflu/plan/pdf/ 

HHSPandemicInfluenzaPlan.pdf. Accessed 

August 22, 2008 

71. Poehling, KA, Szilagyi PG, et al. Impact of 

Maternal Immunization on Influenza 

Hospitalizations in Infants. Am J Obstet 

Gynecol. 2011 June; 204(6 Suppl 1): S141-

S148. 

72. Legge A, Dodds L, MacDonald NE, Scott 

J, McNeil S. Rates and determinants of 

seasonal influenza vaccination in pregnancy 

and association with neonatal outcomes. 

Canadian Medical Association Journal 

2014;186:E157-64. 

73. Centers for Disease Control and 

Prevention. Updated Recommendations for 

Use of Tetanus Toxoid, Reduced Diphtheria 

Toxoid and Acellular Pertussis Vaccine (Tdap) 

in Pregnant Women – Advisory Committee on 

Immunization Practices (ACIP), 2012. 

MMWR Morb Mortal Wkly Rep. 2013; 

62(07); 131-35.  

74. Centers for Disease Control and 

Prevention. Prevention and Control of 

Seasonal Influenza with Vaccines. 

Recommendations of the Advisory Committee 

on Immunization Practices – United States, 

2013-2014. MMWR Morb Mortal Wkly Rep. 

2013; 62(07). 



Pandemic Influenza and Pregnant Women 

Health Provid, Vol.3, N.1, Serial No.4, Jun. 2023                                                                                                 72 

75. US Centers for Disease Prevention and 

Control. Pregnant Women & Influenza (Flu). 

Reviewed September 6 th 2022. Available 

from: 

https://www.cdc.gov/flu/highrisk/pregnant.htm

Lack of adequate. 

76. Centers for Disease Control and 

Prevention. Guidelines for vaccinating 

pregnant women. Atlanta, GA: CDC; 2016. 

Available at: 

https://www.cdc.gov/vaccines/pregnancy/h cp-

toolkit/guidelines.html. Retrieved February 6, 

2020. 

77. Centers for Disease Control and 

Prevention. Selecting viruses for the seasonal 

influenza vaccine. Atlanta, GA: CDC; 2018. 

Available at: 

https://www.cdc.gov/flu/prevent/vaccineselecti

on.htm. Retrieved February 6, 2020. 

78. Nelson KE. Invited commentary: influenza 

vaccine and Guillain-Barré syndrome – is 

there a risk? American Journal of 

Epidemiology 2012;175:1129-32. 

79. Chow EJ, Doyle JD, Uyeki TM. "Influenza 

virus-related critical illness: prevention, 

diagnosis, treatment". Critical Care. 2019; 

23(1): 214. 

80. US Centers for Disease Control and 

Prevention. Interim Guidance for the Use of 

Masks to Control Seasonal Influenza Virus 

Transmission, 2019. 

81. World Health Organization. Non-

pharmaceutical public health measures for 

mitigating the risk and impact of epidemic and 

pandemic influenza, 2019. 

82. European Centre for Disease Control and 

Prevention. Considerations for the use of face 

masks in the community in the context of the 

SARS-CoV-2 Omicron variant of concern, 

2022. 

 

 

 

https://www.cdc.gov/flu/professionals/infectioncontrol/maskguidance.htm#:~:text=A%20surgical%20mask%20or%20fit,%2C%20e.g.%2C%20during%20a%20pandemic.
https://www.cdc.gov/flu/professionals/infectioncontrol/maskguidance.htm#:~:text=A%20surgical%20mask%20or%20fit,%2C%20e.g.%2C%20during%20a%20pandemic.
https://www.cdc.gov/flu/professionals/infectioncontrol/maskguidance.htm#:~:text=A%20surgical%20mask%20or%20fit,%2C%20e.g.%2C%20during%20a%20pandemic.
https://www.cdc.gov/flu/professionals/infectioncontrol/maskguidance.htm#:~:text=A%20surgical%20mask%20or%20fit,%2C%20e.g.%2C%20during%20a%20pandemic.
https://www.who.int/publications/i/item/non-pharmaceutical-public-health-measuresfor-mitigating-the-risk-and-impact-of-epidemic-and-pandemic-influenza
https://www.who.int/publications/i/item/non-pharmaceutical-public-health-measuresfor-mitigating-the-risk-and-impact-of-epidemic-and-pandemic-influenza
https://www.who.int/publications/i/item/non-pharmaceutical-public-health-measuresfor-mitigating-the-risk-and-impact-of-epidemic-and-pandemic-influenza
https://www.who.int/publications/i/item/non-pharmaceutical-public-health-measuresfor-mitigating-the-risk-and-impact-of-epidemic-and-pandemic-influenza
https://www.ecdc.europa.eu/en/publications-data/using-face-masks-community-reducing-covid-19-transmission
https://www.ecdc.europa.eu/en/publications-data/using-face-masks-community-reducing-covid-19-transmission
https://www.ecdc.europa.eu/en/publications-data/using-face-masks-community-reducing-covid-19-transmission
https://www.ecdc.europa.eu/en/publications-data/using-face-masks-community-reducing-covid-19-transmission
https://www.ecdc.europa.eu/en/publications-data/using-face-masks-community-reducing-covid-19-transmission

