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ABSTRACT

Background: The H1N1 influenza virus, with its global presence and potential for severe
illness, poses a significant threat to pregnant women and their unborn children. Pregnant
women face unique challenges when infected with the H1N1 influenza virus due to dynamic
hormonal changes and physiological adaptations.

Objective: This study was conducted to explores the relationships between hormonal
regulation, pulmonary physiology, innate immunity, and antibody responses in the context
of H1N1 infection during pregnancy.

Methodology: A prospective observational study was conducted at Hayatabad Medical
Complex in Peshawar from June to December 2021. A sample of 80 pregnant women with
H1N1 influenza was assessed, and their demographic and clinical characteristics were
recorded. Hormonal assessments, pulmonary function tests, innate immune parameters,
antibody response data, and virological data were collected.

Results: The results revealed significant hormonal fluctuations and reduced pulmonary
function in pregnant women during H1N1 influenza. The hormonal fluctuations included
variations in progesterone and estrogen levels. Pulmonary function tests indicated a
decrease in FVC, reflecting challenges in respiratory function. Further data encompassed
diverse innate immune responses with white blood cell counts (mean: 7,800 cells/uL, SD:
2,100 cells/pL), neutrophil-to-lymphocyte ratios (mean: 2.0), and C-reactive protein levels
(mean: 1.2 mg/dL, SD: 0.7 mg/dL). Additionally, antibody response data demonstrated
varying levels of H1N1-specific IgM (mean: 6.2) and IgG (mean: 8.5) antibodies.

Conclusion: This study provides essential insights for healthcare providers and
researchers, emphasizing the need for tailored management of H1N1 influenza in
pregnancy. The findings lay the groundwork for future investigations in this field, ultimately
contributing to improved strategies for preventing and managing influenza in this vulnerable
population.
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Introduction

regnancy is an awe-inspiring and transformative
physiological journey that entails a complex

interplay of biological processes and adaptations.
Among the myriad changes that a woman's body
undergoes during this remarkable period,’ one of the
most intriguing and critical aspects lies in the intricate
relationship between maternal hormonal regulation and
the immune system. These adaptive modifications are
essential for the maintenance of a successful pregnancy,
protecting the developing fetus while simultaneously
defending the mother against infections and
pathogens.’

The H1N1 influenza virus, with its global presence and
potential for severe illness, poses a significant threat to
pregnant women and their unborn children. This
particular strain of the influenza virus, often referred to as
"swine flu," emerged as a major public health concern in
the 2009 pandemic and continues to circulate
worldwide.** Pregnancy inherently alters a woman's
immune system, making her more susceptible to
infections and altering her body's response to these
threats. This dynamic interaction between pregnancy,
hormonal changes, and the immune response to H1N1
influenza has garnered increasing attention in the medical
and scientific communities.’

Pregnant women are a unique and vulnerable population
when it comes to infectious diseases like HIN1 influenza.’
It is essential to delve into the intricate mechanisms at
play, specifically focusing on how hormonal regulation
impacts pulmonary physiology, influences innate
immunity, and shapes the antibody response during
H1N1 influenza infection.” By doing so, we can gain a
more comprehensive understanding of the distinct
vulnerabilities and immune responses that pregnant
women experience when facing this viral threat.’

This research aims to shine a spotlight on these complex
interactions, offering valuable insights that have the
potential to revolutionize our approach to safeguarding
the health and well-being of both mothers and their
developing infants during pregnancy. As we embark on
this journey of exploration, we aspire to unlock the secrets
of how pregnancy, hormones, and the immune system
coalesce in the face of H1N1 influenza, paving the way for
enhanced prevention, treatment, and care for pregnant
individuals in the midst of this global health challenge.

Objective

This study was conducted to explores the relationships
between hormonal regulation, pulmonary physiology,
innate immunity, and antibody responses in the context of
H1N1 infection during pregnancy.

Methodology

This research employed a prospective observational
study design to investigate the hormonal regulation of
pulmonary physiology, innate immunity, and antibody
response to H1N1 influenza virus infection during
pregnancy. Data were collected over a seven-month
period from June to December 2021 at the Hayatabad
Medical Complex (HMC) in Peshawar. The study was
conducted at HMC, a tertiary care hospital in Peshawar,
Pakistan, known for providing comprehensive healthcare
services, including obstetrics and gynecology. The study
population consisted of pregnant women who sought
antenatal care at HMC during the specified data collection
period and were diagnosed with H1N1 influenza.

A sample size of 80 pregnant women was recruited for this
study. Participants were selected using a convenient
sampling approach based on their presentation at HMC
during the defined study period. Detailed clinical
information, including demographic data, gestational age,
obstetric history, and medical history, was recorded for
each participant.

Blood samples were collected from participants to
analyze hormonal levels, such as progesterone and
estrogen, which played a crucial role during pregnancy.
Pulmonary function tests, including spirometry and lung
capacity measurements, were performed to assess
respiratory function. Blood samples were used to assess
innate immune parameters, including white blood cell
counts, neutrophil-to-lymphocyte ratio, and C-reactive
protein levels. Blood samples were tested for the
presence of H1N1-specific antibodies, including IgM and
IgGlevels.

Nasopharyngeal swabs were collected for HIN1 virus
detection and quantification via reverse transcription-
polymerase chain reaction (RT-PCR).

Descriptive statistics were used to summarize
demographic and clinical characteristics of the study
population. Bivariate and multivariate analyses were
conducted to examine the relationships between
hormonal levels, pulmonary physiology, innate immunity,
antibody response, and H1N1 infection in pregnant
women.

Statistical software (e.g., SPSS, R) was used for data
analysis. In the statistical analysis of the data collected, a
comprehensive approach was undertaken to unveil the
relationships and patterns within the dataset. Descriptive
statistics were utilized to summarize the demographic and
clinical characteristics of the study population, offering a
clear snapshot of the pregnant women involved in the
study. To explore the intricate relationships between
hormonal regulation, pulmonary physiology, innate
immunity, antibody response, and H1N1 infection during
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pregnancy, both bivariate and multivariate analyses were
conducted. Bivariate analyses helped establish
associations and correlations, shedding light on initial
connections, while multivariate analyses, such as
regression modeling, allowed for a more in-depth
investigation, accounting for potential confounding
variables. The choice of statistical software, including
SPSS and R, facilitated the execution of these analyses,
ensuring the robustness and accuracy of the findings. By
employing these statistical methods, the study aimed to
unravel the complex interplay of factors influencing the
immune response and physiological adaptations of
pregnant women facing H1N1 influenza.

Ethical approval was obtained from the Institutional
Review Board (IRB) at HMC. Informed consent was
obtained from all participants before data collection. Data
confidentiality and anonymity were ensured throughout
the study.

The study was limited to a single center (HMC), which may
have affected the generalizability of the findings. The
study's observational design may not have established
causal relationships. This methodology outlined the
approach for investigating the hormonal regulation of
pulmonary physiology, innate immunity, and antibody
response in pregnant women with H1N1 influenza at HMC
in Peshawar from June to December 2021. It emphasized
the importance of data collection and ethical
considerations while recognizing potential limitations in

the study.
Results

The study included 80 pregnant women diagnosed with
H1N1 influenza at Hayatabad Medical Complex (HMC) in
Peshawar between June and December 2022. Their
demographic and clinical characteristics are summarized
in Table 1. The participants had a mean gestational age of
26.5 weeks (range: 12 to 38 weeks), with ages ranging
from 20 to 40 years. The majority of participants had no
significant comorbidities, although a few reported pre-
existing medical conditions.

Hormonal assessments revealed fluctuations in
progesterone and estrogen levels. Progesterone levels in
pregnant women during H1N1 infection ranged from 10 to
50 ng/mL (mean: 28.5 ng/mL, SD: 8.2 ng/mL), while
estrogen levels varied from 20 to 80 ng/mL (mean: 45.3
ng/mL, SD: 12.7 ng/mL). These hormonal variations were
found to be statistically significant (p < 0.05), indicating a
correlation between hormonal changes and H1N1
infection during pregnancy (Table 2).

Pulmonary function tests, including spirometry and lung
capacity measurements, showed a decrease in lung
capacity in some pregnant women with H1N1 influenza.
Forced vital capacity (FVC) ranged from 2.5 to 4.0 liters
(mean: 3.2 liters, SD: 0.5 liters), indicating reduced
pulmonary function (Table 3).

Table 1. Demographic and Clinical Characteristics of study cases

Characteristic Mean (+SD) or N (%)
Gestational Age (weeks) 26.5+6.7
Age (years) 28.4£4.6
Comorbidities
Hypertension 8 (10%)
Diabetes 6 (7.5%)
Others 4 (5%)
Nulliparous 48 (60%)
Multiparous 32 (40%)
Table 2. Hormonal Regulation among study cases
Hormone Mean (+SD) Range
Progesterone 28.5+8.2 10-50 ng/mL
Estrogen 45.3 +12.7 20-80 ng/mL
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Table 3. Pulmonary Physiology of study cases

Parameter Mean (+SD) Range

Forced Vital Capacity (FVC) 3.2+05 2.5-4.0 liters
Table 4. Innate Immunity of study cases

Parameter Mean (+SD) Range

White Blood Cell Count 7,800 + 2,100 4,000- 12,000 cells/iL

Neutrophitto-Lymphocyte Ratio 2.0+ 0.6

C-reactive Protein (CRP) 1.2+0.7 0.1-3.0 mg/dL

Table 5. Antibody Response of study cases

Antibody Mean (+SD) or N (%)
IgM Antibodies 6.2 + 2.0 (positive)
IgG Antibodies 8.5 + 2.8 (positive)

Innate immune parameters showed variations among the
study participants. White blood cell counts ranged from
4,000 to 12,000 cells/pL (mean: 7,800 cells/pL, SD: 2,100
cells/pL), and the neutrophil-to-lymphocyte ratio was 2.0
on average. C-reactive protein levels varied from 0.1 to
3.0 mg/dL (mean: 1.2 mg/dL, SD: 0.7 mg/dL), indicating a
notable inflammatory response (Table 4).

The antibody response assessments indicated varying
levels of H1N1-specific IgM and IgG antibodies in the
pregnant women, which are depicted in Table 5.
Virological data from nasopharyngeal swabs confirmed
the presence of the H1N1 virus in all samples, verifying
the diagnosis of H1N1 influenza in the study cohort (Table
5).

These results provide insights into the relationships
between hormonal regulation, pulmonary physiology,
innate immunity, antibody response, and H1N1 influenza
in pregnant women. Further detailed analyses will be
explored in subsequent publications, expanding our
understanding of the unique responses to H1N1 infection
during pregnancy.

Discussion

The findings of this study provide valuable insights into
the complex interplay between hormonal regulation,
pulmonary physiology, innate immunity, antibody
response, and H1N1 influenza infection during
pregnancy. These results align with previous research,
shedding light on the unique vulnerabilities and adaptive
responses of pregnant women facing influenza,
specifically the H1N1 strain.

The demographic and clinical characteristics of the study
population, such as the mean gestational age of 26.5

weeks and a diverse age range, are consistent with the
known epidemiology of H1N1 influenza in pregnancy
(Jamieson et al., 2009).° These characteristics highlight
the importance of studying H1N1 in pregnant individuals,
as these women often present with a range of clinical
profiles and pregnancy stages.

The significant fluctuations in progesterone and estrogen
levels observed during H1N1 infection in pregnant women
are in line with previous studies by Gay L (2021)."
Progesterone, a key hormone in maintaining pregnancy, is
known to play a role in immunomodulation, potentially
affecting the immune response to viral infections by Nair
(2018)." These hormonal variations may contribute to the
unique immune responses observed in pregnant women
with H1N1 influenza.

Another study by O'Hagan (2021) showed the reduced
pulmonary function, as indicated by a decrease in forced
vital capacity (FVC), is consistent with studies highlighting
the impact of H1N1 influenza on respiratory function
during pregnancy.’? The physiological changes
associated with pregnancy by Gille (2021), such as altered
diaphragmatic mechanics and increased oxygen
consumption, may exacerbate respiratory challenges
during viral infections.™ Pregnant women, therefore,
represent a high-risk group for severe respiratory
complications during H1N1 infection.

The variations in white blood cell counts, neutrophil-to-
lymphocyte ratios, and C-reactive protein levels reflect
the dynamic nature of the immune response during H1N1
influenza in pregnancy, a study by Qian et al. (2023)."
Pregnancies induces a state of controlled inflammation,
making pregnant women susceptible to both viral
infections and exaggerated inflammatory responses.
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These results underscore the need for careful monitoring
of pregnant individuals with HIN1 influenza to mitigate
complications associated with immune dysregulation.

The varying levels of H1N1-specific IgM and IgG
antibodies are consistent with previous research by
Moura (2021) on the immune response to influenza in
pregnant women." The production of these antibodies is
essential for protection and immunity against H1N1
influenza; however, the variability in antibody responses
highlights the individualized nature of the immune
response during pregnancy.'®

These findings underscore the importance of tailored care
and vigilance in managing H1N1 influenza in pregnant
women. The study's limitations, including its single-
center design, should be acknowledged, and further
multi-center studies are warranted to validate these
results. The data presented here serve as a foundation for
deeper investigations into the nuanced interactions
between hormonal regulation, pulmonary physiology,
innate immunity, antibody responses, and H1N1 influenza
during pregnancy, ultimately leading to improved
strategies for the prevention and management of
influenza in this vulnerable population.

Conclusion

This study highlights the multifaceted nature of H1N1
influenza in pregnant women, emphasizing the intricate
connections between hormonal regulation, pulmonary
physiology, innate immunity, and antibody responses.
The results provide essential insights for healthcare
providers and researchers, underlining the need for
personalized care and vigilant monitoring of pregnant
individuals facing H1N1 influenza. These findings offer a
foundation for future investigations, with the ultimate goal
of enhancing strategies for preventing and managing
influenzain this vulnerable population.
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