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Pneumonia and pregnancy
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Community acquired pneumonia (CAP) is
recognised as a common problem that carries a
substantial morbidity and mortality. The bur-
den of disease falls mainly on people at the
extremes of age and the occurrence of CAP in
young adults is uncommon. Nevertheless,
pneumonia in young adults can be severe and
fatal.1 In the pregnant patient, pneumonia is
the most frequent cause of fatal non-obstetric
infection.2

Concern that pneumonia occurring in a
pregnant patient may be more frequent, exhibit
atypical features, run a more severe course, or
be more diYcult to treat than in a non-
pregnant patient is not unusual. Underlying
these concerns are the recognised physiological
and immunological changes that occur during
pregnancy which may compromise the moth-
er’s ability to respond to an infection. Added to
this are concerns for the health of the fetus.

Changes in pregnancy
Alterations in cellular immunity have been
widely reported and are aimed primarily at
protecting the fetus from the mother. These
changes include decreased lymphocyte prolif-
erative response, especially in the second and
third trimesters, decreased natural killer cell
activity, changes in T cell populations with a
decrease in numbers of circulating helper T
cells, reduced lymphocyte cytotoxic activity,
and production by the trophoblast of sub-
stances that could block maternal recognition
of fetal major histocompatibility antigens.3–7

In addition, hormones prevalent during
pregnancy—including progesterone, human
chorionic gonadotropin, alpha-fetoprotein and
cortisol—may inhibit cell mediated immune
function.6 These changes could theoretically
increase the risk from infection, particularly by
viral and fungal pathogens.

Anatomically, the enlarging uterus causes
elevation of the diaphragm by up to 4 cm and
splaying of the thoracic cage. A 2.1 cm increase

in the transverse diameter of the chest and a
5–7 cm increase in the circumference of the
thoracic cage has been reported.8 These
changes may decrease the mother’s ability to
clear secretions. The decrease in functional
residual capacity, increase in oxygen consump-
tion, and increase in lung water that occur dur-
ing pregnancy add to the vulnerability of the
lung to injury from infection. Obstetric and
anaesthetic interventions, including endotra-
cheal intubation, pose further risks, not least
from aspiration pneumonia.9

Incidence
A true estimate of the incidence of pneumonia
during pregnancy is diYcult to obtain. The few
studies of pneumonia during pregnancy are
mostly retrospective and include few cases
(table 1). Based on these studies, a marked
variation in incidence over the years is evident.
A very high incidence was reported in the years
before 1965 ranging from 6.3 per 1000
deliveries to 8.5 per 1000 deliveries.10 11 This
had decreased in the 1970s and early 1980s to
0.44–0.78 per 1000 deliveries, presumably due
to the introduction of antibiotics and improve-
ments in obstetric care.12 13 More recently, an
incidence of 1.2–2.7 per 1000 deliveries has
been reported.14–16 It has been proposed that
this increase in incidence is a reflection of the
higher proportion of pregnant women with
chronic medical conditions.14 However, pa-
tients in these study cohorts are not directly
comparable and the varying proportions with
documented illicit drug use (14–52%) and
HIV seropositivity (4–27%) may not simply be
the result of time trends.13–15

At the Nottingham City Hospital, a large
teaching hospital in the Trent region of the
UK, there were only six cases of pneumonia in
pregnant women in the 5 years from 1995 to
2000, based on computer records. In that time
there were approximately 27 800 deliveries
giving an estimated incidence of 0.2 per 1000
deliveries.

Perhaps, more importantly, the incidence
rates of pneumonia during pregnancy reported
in recent studies do not diVer materially from
the estimated incidence of CAP in young non-
pregnant adults. A population study conducted
in Finland estimated the age specific incidence
of CAP per year for persons aged 15–59 years
as 6 per 1000 population. The incidence was
higher in men than in women.17 Similarly, Foy
et al estimated the incidence per year for

Table 1 Incidence and mortality of pneumonia in pregnancy

Author
No. of
cases

Incidence
per 1000
deliveries Drug use

HIV
positive

Maternal
mortality

Preterm
delivery

Finland10 164 6.3 NR NR 18/74 (24%) 32/74 (43%)
Hopwood11 23 8.5 NR NR 2/23 (8.7%) NR
Benedetti12 39 0.44 NR NR 0/39 (0%) 3/20 (15%)
Madinger13 25 0.78 5/25 (20%) 1/25 (4%) 1/25 (4%) 9/21 (43%)
Berkowitz14 25 2.7 13/25 (52%) 3/11 (27%) 0/25 (0%) 1/18 (6%)
Richey15 71 1.2 10/71 (14%) 2/56 (4%) 2/71 (3%) 1/71 (1%)
Yost16 133 1.5 NR NR 0/133 (0%) 14/107 (13%)

NR = not reported
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subjects aged 15–59 as 5–8 per 1000 popula-
tion while Woodhead et al reported an estimate
of 5 per 1000 for subjects aged 15–79 years.18 19

+ The incidence of pneumonia in pregnancy is
not materially diVerent from that in non-
pregnant adults.

Mortality
Pneumonia has been cited as the third most
frequent cause of indirect obstetric death in
North America.20 However, in the Report on
Confidential Enquiries into Maternal Deaths
in the UK 1994–6, of 134 indirect deaths—that
is, deaths resulting from previous existing
disease or disease that developed during
pregnancy and which was not due to direct
obstetric causes but which was aggravated by
the physiological eVects of pregnancy—which
is equivalent to a rate of 6.1 per 100 000 preg-
nancies, only six were due to pneumonia.
Three patients were known to have cystic
fibrosis, one had varicella pneumonia, one was
in a methadone maintenance programme, and
one occurred 3 days after delivery in an other-
wise healthy mother. In addition, there were
three deaths due to pneumococcal sepsis but
none of these patients had evidence of
pneumonia. Therefore, even taking into ac-
count patients with cystic fibrosis, maternal
death from pneumonia is rare in the UK. This
is reflected in the reported maternal mortality
of 0–4% in recent studies, which approximates
the mortality from CAP in hospitalised non-
pregnant adults. There are no data available for
direct comparison. However, based on hospital
studies of CAP, overall mortality in adults is in
the region of 10–15% with older people
bearing the brunt of the disease.21 Mortality of
5.7% was reported in a BTS multicentre study
of hospitalised adults aged 16–74 years com-
pared with 0–1% in young ambulatory adults
with CAP.22 23

+ Mortality from pneumonia in pregnancy is
similar to rates in non-pregnant adults.

Fetal outcome
There is persuasive evidence to indicate that
fetal outcome is aVected by maternal pneumo-
nia. Mothers with pneumonia are significantly
more likely to deliver before 34 weeks gesta-
tion, with preterm delivery occurring in up to
43% of cases.24 Prostaglandin production or
the host’s inflammatory response to infection
may be responsible. In addition, infants born to
mothers with pneumonia weigh significantly
less.24 One study found a diVerence of 150 g in
the birth weight of infants born to mothers
with pneumonia compared with controls.16

Similarly, the frequency of low birth weight
infants (2500 g or less) was higher in cases than
in controls (16% v 8%). There is no firm
evidence of any diVerence in perinatal mor-
tality based on studies conducted over the last
two decades.
+ Mothers with pneumonia are more likely to

deliver early and have infants of lower birth
weight than other pregnant women.

Risk factors
No significant diVerences in maternal age and
parity have been identified between women
who have pneumonia during pregnancy and
those who do not.16 The risk of pneumonia
during pregnancy appears to be lowest in the
first trimester with only 0–16% of cases occur-
ring during this period. Mean gestational age at
admission for pneumonia ranges from 24 to 31
weeks.13 16

Benedetti et al12 noted that 19 of 37 pregnant
patients with pneumonia (47%) had a haemo-
globin of 10 g/dl or less and hence highlighted
the possibility of anaemia as a risk factor for
pneumonia.12 This finding was not supported
by Richey et al15 who found eight of 71 patients
in their series (11%) had anaemia on admis-
sion. On the other hand, a quarter of their cases
(n=17) were noted to have a history of asthma.
More recently, in a case control study of 59
women and 118 controls, both anaemia—
measured as a haematocrit of 30% or less on
admission—and a history of asthma were
found to be independently associated with a
fivefold increased risk for the development of
pneumonia on multivariate analysis.24

The same study also found that women with
pneumonia were more likely to be receiving
betamethasone to enhance fetal lung maturity.
The suggestion that antepartum cortico-
steroids given to reduce morbidity and mor-
tality in the premature neonate may be a risk
factor for development of maternal pneumonia
is supported by another case control study
involving 37 cases and 74 controls.25 This
showed that the use of antepartum cortico-
steroids is associated with a higher rate of
infectious disease (64.8% cases v 17.5%
controls), with serious bacterial infections
occurring in nine (24.3%) of the cases, includ-
ing four pneumonias in previously healthy
subjects.

Tocolytic agents given to induce labour have
been associated with the development of pneu-
monia.24 They also increase the risk of respira-
tory insuYciency due to pneumonia through
the promotion of pulmonary oedema.26 It has
therefore been recommended that they are not
used in pregnant patients with pneumonia.27

Smoking is a recognised risk factor for the
development of pneumonia and invasive pneu-
mococcal disease in non-pregnant adults.28 29 A
dose-response relationship has been shown;
20–32% of women with pneumonia in preg-
nancy are reported to smoke.13 15 Although not
formally examined, it would be reasonable to
expect smoking to confer at least the same risks
for the development of pneumonia in pregnant
mothers as in other adults.
+ Established risk factors for pneumonia in

pregnancy include anaemia, asthma, ante-
partum corticosteroids given to enhance
fetal lung maturity, and the use of tocolytic
agents to induce labour.

Diagnosis
The diagnosis of pneumonia in an otherwise
healthy adult without pre-existing cardiorespi-
ratory illness is usually straightforward. Symp-
toms of dyspnoea, fever and cough, when
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present, help point to the correct diagnosis.
However, initial misdiagnosis in pregnant
patients is not uncommon. Yost et al16 found
that 14 of 133 cases (10.5%) had incorrect ini-
tial diagnoses. These included two patients
who were thought to have pyelonephritis and
two others who underwent surgery for sus-
pected appendicitis. Similarly, in a series of 25
cases studied by Madinger et al,13 five (20%)
were initially misdiagnosed (one was initially
treated for suspected pyelonephritis, two had
surgery for suspected appendicitis, and two
were thought to have preterm labour with no
predisposing cause identified).

The diYculties in diagnosis during preg-
nancy reflect the complexity of distinguishing
between symptoms related to physiological
changes and more sinister symptoms of dis-
ease. Patients themselves may attribute symp-
toms of pneumonia to pregnancy and hence
defer consultation. Dyspnoea is a common
symptom during pregnancy. It is experienced
by 50% of women at 19 weeks gestation and up
to 76% at 31 weeks.30 It may be distinguished
in that physiological dyspnoea characteristi-
cally begins early in pregnancy and improves or
plateaus as term approaches. It does not inter-
fere with daily activities and rarely occurs at
rest. Chest discomfort may also occur in the
later stages of pregnancy, possibly due to the
mechanical eVects of the uterus on the
diaphragm.31 It may be diYcult to distinguish it
from other causes of chest discomfort.

In patients with dyspnoea that appears out of
keeping with the expected symptoms related to
pregnancy, pneumonia must be considered.
Other possible causes include asthma, pulmo-
nary embolism, amniotic fluid embolism, air
embolism, and aspiration pneumonitis. Cough
is not usually a symptom of pregnancy and
should arouse clinical suspicion of an underly-
ing cause. Clinical signs should be sought,
although crepitations at the lung bases may
occasionally be heard in pregnancy, presum-
ably due to atelectasis from the raised dia-
phragm compressing the lower lung fields.32

Even in patients with symptoms consistent
with a lower respiratory tract infection and
unilateral chest signs, radiologically proven
pneumonia is confirmed in only 39% of cases.19

Ultimately, a firm diagnosis of pneumonia can
only be made with the aid of a chest
radiograph.

CHEST RADIOLOGY

It is estimated that radiation doses to the
mother from a standard departmental poster-
oanterior chest radiograph, performed with a
grid to reduce scatter and a peak voltage for the
beam of 90–120 kV, is 5–30 mRad. The
absorbed dose for the uterus and fetus is 100
times less (about 300 µRad).33 A lateral chest
radiograph results in greater exposure (mater-
nal dose 150–250 mRad) and is not usually
required. The diVerential diagnosis of alveolar
shadowing with specific reference to pregnancy
includes non-cardiogenic pulmonary oedema
in pre-eclampsia and eclampsia, pulmonary
oedema secondary to tocolytic agents, aspira-
tion pneumonitis and, rarely, choriocarcinoma

with pulmonary metastases which may present
as small or large ill defined foci mimicking
pneumonia.34

+ Misdiagnosis or delay in diagnosis of pneu-
monia is common in pregnancy.

+ A firm diagnosis of pneumonia can only be
made with the aid of a chest radiograph.

Pathogens
There have not been any detailed studies
focusing specifically on the microbial agents
involved in pneumonia during pregnancy. The
available data are derived mainly from observa-
tional (often retrospective) studies where only
routine microbiological investigations were
employed. Sputum and blood cultures were the
main pillars of diagnosis, while serological tests
were employed inconsistently. Accepting these
limitations, the range of pathogens identified
from four recent studies mirrors the experience
in studies of hospitalised non-pregnant adults
with CAP (table 2).

BACTERIAL AND ATYPICAL PATHOGENS

Streptococcus pneumoniae is the most common
organism identified, followed by Haemophilus
influenzae. Infection with Legionella sp has been
documented but is rare. Based on the few cases
reported, it is generally felt that there is no
increase in the risk of infection during
pregnancy and possibly no diVerence in sever-
ity of disease. Treatment with erythromycin has
proved successful.35 Mycoplasma pneumoniae
might be expected to be more common,
particularly in this age group. Incomplete sero-
logical testing and seasonality may explain the
relatively low frequency reported in these stud-
ies. Human infection with Coxiella burnetii (Q
fever) results mainly from aerosols which are
generated by farm animals when they give birth
or abort as the bacteria multiply and reach high
concentrations in the placenta of mammals.
Cases present most commonly with respiratory
symptoms.36 Human to human transmission of
infection through aerosolisation of C burnetii
during delivery of the fetus and placenta can
occur.37 C burnetii has been isolated from the
placentas of asymptomatic women and the
organism has been reported to cause abortions
and stillbirths. The largest reported series of
patients with Q fever comes from France. Of
1383 infections identified over a 13 year
period, 15 patients had Q fever during
pregnancy.38 These patients reported signifi-
cantly more contact with farm or newborn ani-
mals than other patients with acute Q fever.
Fetal outcome was poor; in 10 the fetus

Table 2 Pathogens implicated in pneumonia during
pregnancy: from four studies (n=161)12–15

Pathogen No (%)

Streptococcus pneumoniae 28 (17%)
Haemophilus influenzae 9 (5.5%)
Mycoplasma pneumoniae 5 (3%)
Legionella sp 2 (1.2%)
Staphylococcus aureus 2 (1.2%)
Influenza A virus 2 (1.2%)
Others 14 (9%)
Unknown 99 (61%)
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aborted, in three the infant was born prema-
turely, and in only two was pregnancy normal.
Hence, although Q fever in pregnancy is rare,
there are important issues regarding transmis-
sion and fetal outcome.

Overall, the clinical presentation of these
infections during pregnancy has not been
found to display features that are diVerent from
infection in non-pregnant adults. In adult CAP
it is now recognised that clinical features
cannot be used to diVerentiate confidently
between the likely respiratory pathogens, and
there is no indication that this position is any
diVerent in pregnancy.23

VIRUSES

Influenza virus
There are three antigenically distinct types of
influenza myxoviruses that cause human dis-
ease: types A, B and C. Type A is usually asso-
ciated with epidemic disease and, historically,
has been implicated in causing severe disease in
pregnant patients. In the 1918 epidemic
maternal mortality was 30–50% while in the
Asian flu epidemic of 1957–8 half of all women
of child bearing age who died were pregnant,
representing 10% of all influenza deaths.39 40

Mortality was highest in women in the third
trimester.39 Post mortem studies showed that
pregnant women most commonly died from
fulminant primary viral pneumonia whereas
non-pregnant patients died from secondary
bacterial infection.41 Importantly, since 1958
influenza epidemics have not been associated
with increased morbidity or mortality in
pregnant women.

Influenza A virus can pass through the
placenta.40 Whether influenza can cause con-
genital malformations is under debate. Circula-
tory defects and central nervous system
malformations have been described. However,
a review of the literature did not reveal
convincing evidence for a definite association
with pregnancy.42

Varicella virus
Chickenpox is an uncommon disease in adults
with an annual incidence in people aged 15
years and over in England and Wales of 82–183
per 100 000.43 Trends of an increase in the
proportion of cases occurring in adults over the
last two decades have been reported in the UK
and USA, although they have not been
substantiated in Scotland.43–45 The incidence in
pregnancy is estimated at 5–10 per 10 000
pregnancies.46 47 In the tropics varicella is more
common with 20–50% of cases occurring in
young adults.48 49

Whether varicella pneumonia occurs more
frequently and runs a more fulminant course in
pregnant women is unclear. Paryani et al50

reported pneumonia in four (9%) of 43
pregnant women with chickenpox while Baren
et al51 observed one case of pneumonia in 28
pregnant women (3.6%). These data are simi-
lar to the rate of pneumonia in non-pregnant
adults of 5–14%

There are no diVerences in the clinical
manifestation of varicella pneumonia between
pregnant and non-pregnant adults. Mortality

from varicella pneumonia is approximately
11% in non-pregnant adults and ranges from
2% to 35% in pregnant women, with prospec-
tive series reporting lower mortality rates.53 A
recent review of the subject concluded that the
data on the severity of varicella in pregnancy
are conflicting, with some data indicating no
diVerence from non-pregnant adults while
other data suggest that pregnant women with
varicella pneumonia have a higher mortality.53

The third trimester appears to be the time of
highest incidence and is when the disease is
most severe.54–56 This may be related to the
prominent changes in cell mediated immunity
at this time.

The eVects of maternal varicella infection on
the fetus are complex and are related to the
timing of infection. Intrauterine infection may
occur in 8.7–26% of cases.55 57 Whether or not
there is an increased risk of fetal death is
unclear. A useful review on the subject has
been prepared by the UK Advisory Group on
Chickenpox.53

Other viruses
There are case reports of pneumonia as a result
of rubeola, infectious mononucleosis, and
hantavirus infection in pregnant women.58–61

These reports depict patients with severe
disease and complications, perhaps reflecting
publication bias. The true incidence and sever-
ity of these infections during pregnancy is
unknown.

FUNGI

Fungal infection, notably coccidioidomycosis,
may rarely complicate pregnancy. The altera-
tions in maternal cell mediated immunity may
be contributory, although firm evidence is
lacking.

The estimated incidence of coccidioidomy-
cosis in historical reports has been as high as
one per 1000 pregnancies.62 More recently,
Wack et al63 identified only 10 cases of coccidi-
oidomycosis out of 47 120 pregnancies be-
tween 1979 and 1985. There appears to be a
greater risk of dissemination associated with
high mortality if infection is acquired during
the third trimester.62 63

Cryptococcal infection usually presents as
meningitis and presentation as isolated pneu-
monia in immunocompetent adults is a rare
event. Recently, five cases of isolated crypto-
coccal pneumonia have been reported in preg-
nant women.64 65 The clinical presentations of
pneumonia ranged from insidious cough and
increasing dyspnoea to severe pleuritic chest
pain of sudden onset. There were no reported
deaths.

There have also been a number of case
reports of blastomycosis in pregnancy.66–69

These are rare events and the impact of
pregnancy on them, and vice versa, is not
clear.62

Impact of HIV infection
Bacterial infections are the most common res-
piratory complications in patients with HIV
infection.70 In the cohort studied in the Pulmo-
nary Complications of HIV Infection Study the
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incidence of bacterial pneumonia was 5.5 per
100 person years compared with a rate of 5.1
per 100 person years for Pneumocystis carinii
pneumonia (PCP).71 Others have reported a
bacterial pneumonia rate of up to 12.5 per 100
person years, significantly higher than in HIV
negative patients.72 73 The CD4+ lymphocyte
count is strongly associated with the occur-
rence of both PCP and bacterial pneumonia,
with infection becoming increasingly likely at
CD4+ lymphocyte counts below 500/mm3.73

Bacteraemia rates of about 30% are not
uncommon in HIV positive patients.71 74 Gen-
erally, S pneumoniae is the most common
organism identified, although a recent series
found P aeruginosa to be more common.74

The prevalence of HIV infection in mothers
living in London has risen more than fivefold
between 1988 and 1996, from 0.032% to
0.19%. Elsewhere in the UK and in Scotland
prevalence is low and has been relatively stable
over the same time period (1996 figures
0.016% and 0.025%, respectively).75 The
majority of mothers (58%) are probably
infected heterosexually abroad. A recent Swiss
cohort study comparing HIV infected pregnant
and non-pregnant women found a trend
towards a higher rate of any AIDS defining
event in pregnant women (rate ratio 1.92, 95%
confidence interval 0.80 to 4.64). Recurrent
bacterial pneumonia was the only AIDS defin-
ing event which was significantly more com-
mon in pregnant women (rate ratio 7.98, 95%
confidence interval 1.73 to 36.8).76

Case reports of PCP complicating preg-
nancy have described maternal death as the
most common outcome.77–79 In a study of 20
women who died from AIDS during or within
1 year of completing a pregnancy, the observed
mean interval between AIDS diagnosis and
death in pregnant women with PCP was 59
days.79 However, as elsewhere, there is a paucity
of studies directly comparing respiratory infec-
tions in HIV infected pregnant and non-
pregnant women. Based on current published
literature, clinical presentation of disease is
probably not altered.80 Whether PCP compli-
cating pregnancy runs a more severe course is
unclear, as is the influence of highly active
antiretroviral therapy on PCP in pregnancy.

An extensive literature on the eVects of preg-
nancy on HIV infection and of HIV infection
on fetal outcome exists which is beyond the
scope of this review. Guidelines for the
treatment of HIV infection in pregnant women
are published elsewhere and are regularly
updated (www.hivatis.org).81

Aspiration pneumonia and anaerobic
infections
The pregnant woman is at risk from aspiration
due to a variety of predisposing factors includ-
ing progesterone induced relaxation of the
gastro-oesophageal sphincter, delayed gastric
emptying, and raised intragastric pressure due
to abdominal compression by the uterus.
Anaesthetic procedures add to the risk. Women
who deliver by Caesarean section are recog-
nised to be at higher risk of aspiration than
those who deliver vaginally.82

Aspiration may present with features of
airway obstruction due to foreign body inhala-
tion or of a chemical pneumonitis causing pul-
monary oedema, hypoxia and, occasionally,
respiratory failure. The risk from pneumonitis
is substantially increased if the aspirated fluid
has a pH of less than 2.4. Contamination of the
lower respiratory tract may result in anaerobic
bacterial pneumonia, necrotising pneumonia,
lung abscess, or empyema. There are no
specific studies addressing the microbial agents
implicated in aspiration pneumonia in preg-
nant women. At the same time, there is no good
basis for assuming any diVerence from the
situation in non-pregnant adults. Anaerobes
such as the Gram positive cocci Peptostreptococ-
cus and Peptococcus sp and the Gram negative
bacilli Fusobacteroides and Bacteroides sp pre-
dominate in two thirds of cases.83 These are
usually penicillin sensitive apart from Bacter-
oides sp which are generally resistant to penicil-
lin. Should aspiration pneumonia occur follow-
ing prolonged stay in hospital, Gram negative
enteric bacilli (including Pseudomonas aerugi-
nosa) become more important, reflecting
oropharyngeal colonisation by these bacteria.84

Treatment
No antimicrobial agents are licensed for use in
pregnancy. An informed assessment of the risks
from infection compared with the risks of
adverse drug eVects on the fetus or mother is
essential before the initiation of any antimicro-
bial agent. This is especially pertinent where
treatment options are limited, the probability
of adverse drug eVects is uncertain, and the
infection potentially severe without appropri-
ate treatment. Data that are available on
antimicrobial agents in pregnancy are summa-
rised in table 3. Reports of teratogenicity need
to be compared against a background inci-
dence of major malformations in the general
population of 2–3%.

ANTIBACTERIAL AGENTS

Updated guidelines from the British Thoracic
Society for the management of CAP in adults
are expected in 2001. Penicillins, macrolides
(including newer ones), and cephalosporins are
likely to be the main antibacterial agents
recommended. These antibiotics have a good
safety record in pregnancy. Avoidance of the
quinolones, tetracyclines, chloramphenicol,
and sulpha compounds, which are contraindi-
cated in pregnancy, should not therefore pose a
problem in the majority of cases.

A history of recent contact with farm or
newborn animals should raise the possibility of
Q fever pneumonia for which macrolides are a
reasonable alternative to tetracyclines in the
pregnant patient. If cover for anaerobic infec-
tion, particularly with Bacteroides sp, is re-
quired, as may be the case in suspected aspira-
tion pneumonia, then co-amoxiclav is a useful
alternative to metronidazole. Most Gram
negative infections can be treated with cepha-
losporins. The aminoglycosides can be used if
there is a strong indication, bearing in mind the
risk of fetal toxicity to the auditory nerve. The
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pneumococcal vaccine is not recommended for
pregnant women or those who are breast feed-
ing.85

ANTIVIRAL AGENTS

Although amantadine has been used in treating
influenza in the past, the newer neuraminidase
inhibitors are probably to be preferred.86 How-
ever, as eYcacy and safety have not yet been
established, routine use of these agents for the
treatment of influenza in pregnancy cannot be
recommended.

The influenza vaccine is not recommended
for pregnant women who would not otherwise
qualify for immunisation according to Depart-
ment of Health guidelines.87 The low risk of
maternal morbidity and mortality, plus the
uncertain (though probably minimal) eVects of
the vaccine on the fetus, support this rec-
ommendation. If immunisation is warranted,
avoidance of the first trimester where possible
would be prudent.

Recommendations for the treatment of vari-
cella pneumonia in pregnancy have been
prepared by the UK Advisory Group on
Chickenpox.53 Intravenous aciclovir is the pre-
ferred option. Although this drug is not
currently approved for use in pregnancy, the
risks from withholding treatment probably

outweigh the risks from adverse drug eVects to
the fetus or mother.

ANTIFUNGAL AGENTS

The Infectious Diseases Society of America has
recently issued practice guidelines for the man-
agement of diVerent fungal infections.88–90

However, in view of the few cases reported, the
optimal treatment for these conditions in preg-
nancy is unknown. Amphotericin B has been
used to treat coccidioidomycosis in pregnancy
with success. Indeed, in view of the risk of dis-
seminated infection, treatment with amphoter-
icin B should be considered in all women diag-
nosed with coccidioidomycosis during the
third trimester of pregnancy or immediately in
the postpartum period.89

Conclusion
Our current knowledge of pneumonia during
pregnancy is based largely on small cohort
studies, which are mostly retrospective in
design, and isolated case reports. This reflects
the relative rarity of the condition. A large pro-
spective study examining the microbial aeti-
ology with detailed tests would be desirable but
would be diYcult to organise. Some studies
have compared pregnant women with pneumo-
nia and pregnant women without pneumonia

Table 3 Safety in pregnancy of selected antimicrobial agents commonly used to treat pneumonias

Class of antibiotic Evidence regarding adverse eVects Safety in human pregnancy

Antibacterial agents
Penicillins Widely used without evidence of problems Good
Cephalosporins Widely used without evidence of problems Good
Macrolides Widely used without evidence of problems. Most

information relates to erythromycin and less to
clarithromycin or azithromycin

Good

Aminoglycosides No published reports on fetal nephropathy after maternal
gentamicin, however ability of premature infants to
eliminate gentamicin seems to be dependent on
gestational age91

Potential risk of nephropathy and ototoxicity. Maternal plasma levels
should be carefully monitored if clear indication exists for its use

Sulphonamides May cause kernicterus if given in late pregnancy. Of 2296
newborns exposed to co-trimoxazole during the first
trimester, 126 (5.5%) major birth defects were observed,
98 expected92

Avoid. InsuYcient information on high doses. Theoretical risk of neural
tube defects with co-trimoxazole due to its folate antagonist activity

Quinolones Arthralgia and tendonitis reported in adults but none
following in utero exposure in human pregnancy91

InsuYcient evidence of safety

Tetracyclines Administration in the second or third trimesters can cause
yellow-brown staining and banding of the teeth of the
child and reversible growth retardation of the long
bones91

Avoid, especially at or after 12 weeks

Metronidazole Conflicting data. Some epidemiological studies suggest
increased risk of malformations, stillbirths and low birth
weight infants. Other studies totalling exposure to over
3000 newborns have found no increase in congenital
anomalies91

Unclear

Antiviral agents
Amantadine Limited preclinical data in animals showed a possible

association with cleft palate. In a study of 64 pregnancies
five births with defects were reported93

InsuYcient evidence of safety

Zanamivir No information in humans. In animals high doses were not
associated with malformation (GlaxoWellcome Summary
of Product Characteristics, Relenza, 2000)

InsuYcient evidence of safety. Theoretically safer than amantadine

Ribavirin Teratogenic or embryolethal in nearly all animal species Avoid
Aciclovir Prospective register (1984–99) with data on 1246

pregnancies showed no increase in birth defects
compared with the general population (GlaxoWellcome
Medical Information, personal communication)

Use recommended in situations where risk from untreated infection is
greater than risk of possible adverse eVects e.g. life threatening varicella
infections

Antifungal agents
Amphotericin B Case reports of fetal toxicity involving anaemia, transient

acidosis with uraemia, and respiratory failure94
Use if benefit outweighs risk of fetal toxicity (usually maternal toxicity also

present)
Itraconazole Embryotoxic and teratogenic in laboratory animals.95 Of

198 women exposed during the first trimester, 3.2%
major malformations were seen95

Best avoided. Manufacturer recommends contraception during and for
one menstrual cycle after stopping treatment

Fluconazole Embryotoxic and teratogenic in high doses in rats. Multiple
congenital abnormalities reported with high dose use in
humans. Possible dose dependent teratogenicity94

Avoid
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to establish risk factors related to the develop-
ment of pneumonia and the eVect of pneumo-
nia on pregnancy. However, there have been no
studies directly comparing pneumonia in preg-
nant and non-pregnant women. Hence, there is
no information on whether pneumonia is any
diVerent in pregnant women and non-pregnant
adults. Current evidence suggests that no
material diVerences exist. There is certainly no
convincing evidence that the documented
changes in the immune system result in
clinically significant immunosuppression with
increased susceptibility to respiratory tract
infection. Management strategies developed
for non-pregnant adults can therefore be
broadly applied to pregnant women as well,
with modifications to take into account issues
of toxicity to the fetus.
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