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The increased morbidity and mortality of the current
pandemic swine-origin H1N1 influenza in pregnancy
has highlighted the difference in susceptibility to cer-
tain viral diseases associated with pregnancy.
Pregnant women with serious disease have been over-
represented in the recent  swine-origin H1N1 influenza
outbreak in the USA, with the hospitalisation rate about
0.32 per 100 000 pregnant women compared to 0.076
per 100 000 for the population at risk.1 A very high pro-
portion of pregnant women among those who died of
pandemic influenza has also been observed in the sub-
sequent southern hemisphere outbreaks such as in
Australia2 and South Africa. Although seasonal influen-
za is usually associated with an increased risk in preg-
nant women, the increase in case-fatality associated
with pregnancy was more pronounced during previous
pandemics and especially during the 1918-1919 pan-
demic.3 Mechanical reasons, such as the decrease in
effective tidal volume associated with third-trimester
pregnancy may partially explain the increased risk of
death due to influenza pneumonia as pregnancy pro-
gresses. However, it does not explain the significantly
increased risk of cardiopulmonary events during sea-
sonal influenza from as early as week 21.4 Also,
mechanical factors or the increased cardiac output do
not account for the particular pathology observed in
some pregnant patients during influenza pandemics,
including the current one, where patients presented
with viral pneumonia5 and acute respiratory distress
syndrome.6 Pregnant patients also tend to present with
more severe disease during influenza pandemics than
during seasonal influenza epidemics,5 where most
patients hospitalised had other co-morbid conditions.7

Life-threatening viral pneumonia is an unexpected find-
ing in the current pandemic since the 2009 H1N1
influenza strain is not particularly virulent.8,9 However,
this strain, being new to humankind, differs from sea-
sonal influenza, in that there are no cross-reacting anti-
bodies, from prior influenza exposures. It appears that
an aberrant immune response towards a primary viral
infection may exacerbate severity and increase the
case fatality rate during pandemic influenza. Similarly
primary infection with varicella zoster virus during preg-
nancy is associated with a risk of pneumonia as high as
10%.10 Measles has also been associated with pneu-
monitis in pregnant patients.11 Hepatitis E  virus (HEV)
infection has been associated with an increased risk of
death in pregnant women12 with mortality higher than
25% in some outbreaks13 whereas the usual case fatal-
ity rate is less than 0.1%.14 Increased susceptibility dur-
ing pregnancy is also observed for chronic or persisting
viral infections. Genital warts often increase in preg-
nancy to such an extent that they can cause obstruc-
tive labour;15,16 this may be due to tolerance towards
human papillomaviruses associated with genital warts.
Human cytomegalovirus (HCMV) is normally controlled
by cellular immunity but as pregnancy progresses
HCMV-specific cellular immunity is suppressed,
explaining the frequency of HCMV reactivation found in
pregnant patients.17,18 Asymptomatic reactivation and
excretion of human polyomaviruses have also been
found to be related to a decreased cellular immune
response in pregnant women.19,20 Furthermore, emerg-
ing viral diseases may also show increased mortality in
pregnant women, as has been observed for severe
acute respiratory syndrome (SARS).3

Pregnancy is characterised by tolerance towards the
fetus and placenta, which allows growth of this ‘for-
eign’ tissue without rejection. How the immune sys-
tem adapts to maintain placentation without rejection
and how this results in an increased susceptibility to
viral infections are not clearly understood. The
increased oestrogen and progestogen levels may sup-
press humoral immunity during pregnancy, inhibiting B-
cell production in the bone marrow.21 However since
cellular immunity is extremely critical in the defence
against most viral infections, tolerance probably lies at
the level of cellular immunity. The ineffective immune
response towards viral infections during gestation was
previously ascribed to a shift in T-helper (Th) cells from
Th-1 to Th-2 cytokine expression profiles.14,22 However,
although the Th-bias was found in circulating immune
cells,22 it has not been shown to be involved in rejec-
tion at placental level. Rather placentation is charac-
terised by ‘controlled inflammation’ on the level of the
innate immune system with HLA-C antigens
expressed on trophoblast cells, interacting with natural
killer cells.23 In addition, a recently identified subset of
T-lymphocytes, T regulatory cells (Tregs) may play an
important role in pregnancy associated tolerance,24

and low Treg levels may be associated with pregnancy
loss in humans and laboratory animals.25 The role of
Tregs has been characterised in chronic infections such
as HIV, hepatitis C virus and Epstein-Barr virus (EBV)26

but data on their role in acute viral disease are lacking.
A decreased pathogen clearance by the cellular
immune system, induced by Tregs during pregnancy,
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ABSTRACT

The current swine-origin H1N1 pandemic has high-
lighted the fact that pregnant patients are suscepti-
ble to serious disease or life-threatening complica-
tions following acute viral infections such as pan-
demic influenza, varicella and hepatitis E virus,
whereas chronic viral infections such as human
papillomavirus and cytomegalovirus often reactivate
during pregnancy. The increased susceptibility to
particular viral infections is probably due to pregnan-
cy-induced tolerance, which is necessary to allow
placentation, without rejection, and is yet poorly
characterised. The recently identified T-cell subset, 
T regulatory cells (Tregs) may provide a new
research target to understand pregnancy-associated
tolerance and increased susceptibility to viral infec-
tions.



may explain the increased severity of particular viral dis-
eases in pregnancy.  In some individuals pregnancy-
associated immune-suppression or tolerance may
unmask susceptibility, whether genetic or acquired, to
particular infectious diseases. In most other healthy
pregnant individuals, however, the redundancy of the
immune system probably provides sufficient protection
against serious viral disease despite the suppressive
effects of pregnancy.
Future advances in our understanding of the innate
immune system and the complex interaction of differ-
ent classes of T-lymphocytes may further elucidate the
effects of pregnancy on susceptibility to viral infections
– with the ultimate aim being to identify and timeously
treat those who are at risk of serious disease.
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