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The incidence of lower respiratory tract infection (LRTI) in women of child-bearing age is approximately 64Abstract
per 1000 population. The spectrum of illness ranges from acute bronchitis, which is very common, through
influenza virus infection and exacerbations of underlying lung disease, to pneumonia, which, fortunately is
uncommon (<1.5% LRTI), but can be severe.

Acute bronchitis is generally mild, self-limiting and usually does not require antibacterial therapy. Influenza
virus infection in pregnant women has been recently related to increased hospitalization for acute cardiorespira-
tory conditions. At present, the safety of the newer neuraminidase inhibitors for the treatment of influenza virus
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infection has not been established in pregnancy and they are not routinely recommended. In influenza virus
infection complicated by pneumonia, antibacterial agents active against Staphylococcus aureus and Streptococ-
cus pneumoniae superinfection should be used.

There are few data on infective complications of asthma or COPD in pregnancy. The latter is rare, as patients
with COPD are usually male and aged over 45 years. Management is the same as for nonpregnant patients.

The incidence and mortality of pneumonia in pregnancy is similar to that in nonpregnant patients. Infants
born to pregnant patients with pneumonia have been found to be born earlier and weigh less than controls. Risk
factors for the development of pneumonia include anemia, asthma and use of antepartum corticosteroids and
tocolytic agents. Based on the few available studies, the main pathogens causing pneumonia are S. pneumoniae,
Haemophilus influenzae, Mycoplasma pneumoniae and viruses. β-Lactam and macrolide antibiotics therefore
remain the antibiotics of choice in terms of both pathogen coverage and safety in pregnancy. In HIV-infected
pregnant patients, recurrent bacterial pneumonia, but not Pneumocystis carinii pneumonia (PCP), is more
common than in nonpregnant patients. Trimethoprim/sulfamethoxazole (cotrimoxazole) has not definitely been
associated with adverse clinical outcomes despite theoretical risks. Currently it is still the treatment of choice in
PCP, where mortality remains high.

In conclusion, there are few data specifically related to pregnant women with different types of LRTI. Where
data are available, no significant differences compared with nonpregnant patients have been identified. In
considering the use of any therapeutic agent or investigation in pregnant patients with LRTI, safety aspects must
be carefully weighed against potential benefit. Otherwise, management strategies should not differ from those
for nonpregnant patients. Further research in this area is warranted.

In recent years, much effort has been devoted to improving 1.2 Immune Status

management strategies in community-acquired lower respiratory
Delicate changes in predominantly the cellular components of

tract infections (LRTIs) with emphasis on reducing the inappropri-
the maternal immune system occur to enable survival of the fetus

ate use of antibacterials and the chance of inducing resistance. For
with its complement of ‘foreign’ paternal antigens. Decreases

the clinician managing pregnant patients, these public health con-
occur in proliferative antibody responses to soluble antigens, cell-

cerns run alongside the common concern that LRTI in pregnant mediated cytotoxicity, numbers of helper T lymphocytes and
patients may be more frequent, exhibit atypical features and run a natural killer cell activity.[3-7]

more severe course or may be more difficult to treat than that in Soluble factors and hormones, such as progesterone, human
nonpregnant patients, in terms of using suitable antimicrobial chorionic gonadotropin, α-fetoprotein and cortisol, are also pre-
agents. sent in maternal serum in concentrations that can mediate

immunosuppression.[6] Humoral immunity on the other hand ap-
pears to be unaffected, with the observed changes in levels of1. Changes in Pregnancy
antibodies in later pregnancy probably reflecting the effects of
hemodilution.[8]

1.1 Physical Changes Taken together, there is a theoretical risk that the physical
changes to the respiratory system may adversely affect the
mother’s ability to clear secretions and increase her vulnerabilityThe physical changes affecting the respiratory system during
to respiratory tract infections, while the changes in maternalpregnancy are well recognized and include elevation of the dia-
cellular immunity could potentiate the risk from infection, espe-phragm by up to 4cm, splaying of the thoracic cage with a 2cm
cially by viral and fungal pathogens. However, robust evidenceincrease in transverse diameter of the chest and a 5–7cm increase
substantiating these fears is lacking.in circumference of the thoracic cage as a result of relaxation of the

ligamentous attachments of the ribs due to the enlarging uterus.[1]

2. Use of Antibacterials during Pregnancy
Functional residual capacity is decreased by 10–25%, the largest
reduction occurring in the supine position during the latter stages When considering treatment of LRTIs with antimicrobial
of pregnancy. Premature airway closure and an increase in lung agents during pregnancy, the following factors should be consid-
water and oxygen consumption have also been noted.[2] ered: the severity of the maternal infection; the consequences of

© Adis Data Information BV 2003. All rights reserved. Am J Respir Med 2003; 2 (3)
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failing to treat the mother; the effect of pregnancy on drug pharma- total antibacterial prescriptions for adults in the US.[18,19] In a
cokinetics; and the potential fetotoxicity of the drugs. British study, using a standard definition for acute lower bronchitis

or lower respiratory tract illness, the incidence of lower respiratoryGeneral principles of prescribing during pregnancy are to con-
tract illness in women aged 16–39 years was found to be 64 persider the period of gestation, avoid new drugs, use the lowest
1000 population, almost twice the incidence in men of a similareffective dose of drug and minimize the treatment period, and use
age group (36 per 1000 population).[15] The clinical burden ofa single drug if possible. A gradual increase in renal function and
community-acquired LRTI and its contribution to antibacterial usean increased volume of distribution during pregnancy can give rise
is therefore enormous, with CAP requiring hospital admissionto decreased plasma drug concentrations.[9] Conversely, protein
representing only the tip of the iceberg.[20]binding falls, thereby increasing the free (active) fraction of the

drug.
4.2 EtiologyAs regards reports of teratogenicity, these need to be compared

against a background incidence of major malformations in the
There have been few robust studies examining the pathogens

general population of 2–3%.[10] Drugs and chemicals are thought
associated with non-pneumonic LRTI. Viruses are generally con-

to account for only 4–6% of these malformations. The period of
sidered the main pathogens in acute bronchitis.[21,22] Rhinoviruses,

maximum susceptibility for most structural defects is the first 10
coronaviruses, influenza viruses, adenoviruses, parainfluenza vi-

weeks after conception (i.e. up to 12 weeks pregnancy).
ruses and respiratory syncytial virus have all been implicated.[23,24]

The exact role of atypical pathogens, such as Mycoplasma pneu-3. Antibacterial Use in Breast-Feeding Mothers
moniae and Chlamydia pneumoniae, and of Streptococcus pneu-

Three potential problems exist for the infant when nursing moniae is unclear. In some studies, these pathogens have been
mothers are treated with antibacterials. These consists of modifica- implicated in 6% or less of patients.[25] On the other hand, in a
tion of bowel flora, direct effects on the infant (e.g. allergy or series of studies performed in Nottingham, UK,[15,16,26,27] using
sensitization) and interference with the interpretation of culture comprehensive microbiological tests in well defined cohorts of
results if a workup for fever in the neonate is required.[6] Neonates patients representing the spectrum of community-acquired LRTI,
(particularly premature infants) are at greatest risk from accumula- S. pneumoniae, C. pneumoniae and M. pneumoniae were identi-
tion of drugs in the breast milk because of their immature excre- fied with similar frequency in non-pneumonic LRTI and pneumo-
tory functions. nia (figure 1). Distinguishing between secondary bacterial infec-

tion, colonization and primary infection is difficult and is reflected
4. Non-Pneumonic Lower Respiratory Tract in the uncertainty concerning the role of identified bacterial patho-
Infection (LRTI) gens in non-pneumonic LRTI.

There is currently no consistent and widely accepted definition
4.3 Outcomeof LRTI.[11] In its broadest sense, LRTI is characterized by an

acute illness with cough as its cardinal symptom, which is not Acute bronchitis is generally a self-limiting disease. Verheij et
attributable to an underlying distinct illness such as asthma. This al.[13] reported that at presentation, 33% of patients were staying in
loose description embraces terms such as acute bronchitis,[12,13]

bed because of symptoms, 35% had stopped daily work and 69%
middle respiratory tract infection,[14] lower respiratory tract ill- had problems with physical activity. Corresponding percentages 2
ness[15] and lower respiratory tract infection.[16] Community-ac- weeks later were 4%, 15% and 29%, respectively. Reconsultation
quired pneumonia (CAP) can be readily distinguished from non- rates in the UK are high, with one in every five patients arranging
pneumonic LRTI by the presence of shadowing, consistent with to see their general practitioner again for the same illness.[15]

infection on a chest x-ray and is therefore discussed separately. However, severe disease is unusual. In one analysis of LRTI in
England and Wales, only 1.4% of patients required hospital ad-

4.1 Incidence
mission.[28]

Visits by adults to primary-care physicians for cough in the US Clinical studies, randomized, controlled trials and subsequent
are very common and have increased from 5.5 million office visits meta-analyses examining the role of antibacterials in patients with
in 1980 to 10.2 million in 1994.[17] Most of these patients are acute bronchitis have found them to be of little meaningful clinical
women (60%) and 75% are younger than 65 years of age. Acute benefit.[29,30] A recent Cochrane review which included over 750
bronchitis accounts for approximately 42% of these visits, about patients aged 8 years and older from nine trials found that, at
75% of ambulatory antibacterial prescriptions and about 11% of follow-up, patients who received antibacterials for acute bronchi-

© Adis Data Information BV 2003. All rights reserved. Am J Respir Med 2003; 2 (3)
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This is not to say that antibacterials are never indicated in the
treatment of acute bronchitis.[34] There will be a proportion of
patients, about 20%, where the physician is confident that antibac-
terials are indicated, usually because of the presence of factors
such as focal chest signs, older age of patient and coexisting
disease and generally how ill the patient appears.[35,36]

Some pregnant patients may wish to avail themselves of over-
the-counter cough suppressants for symptom control even though
there is currently no good evidence for their effectiveness.[37]

Dextromethorphan, an active ingredient in many antitussive reme-
dies, has been hypothesized, in a study in chick embryos, to be
associated with neural tube defects. However, this risk has not
been substantiated by a recent case-control study involving 184
pregnant women, 128 of whom were exposed to dextromethor-
phan in the first trimester.[38] There were six (3.2%) major malfor-
mations in the study group compared with five (2.7%) in the
control group. No cases of neural tube defects were reported in the
study group. This study had 80% power to detect a 3.5-fold
increase in the rate of malformations. Other theoretical concerns
regarding postnatal neurodevelopment have been raised but as yet
remain untested. Therefore, based on current knowledge, there is
no good evidence to either support or discourage the routine use of
cough suppressants for symptom control in non-pneumonic LRTI

0

20

40

60

80

100

120

140

Fr
eq

ue
nc

y 
(%

)

Viruses
C. pneumoniae 
M. pneumoniae
H. influenzae
S. pneumoniae
No pathogen found 

CAP
(hospital)

CAP
(ambulatory)

LRTILRTi

Fig. 1. Frequency of selected pathogens across the spectrum of lower
respiratory tract infection (LRTI) from studies performed in Nottingham,
UK. Totals are greater than 100% because of the identification of more
than one pathogen in some individuals. Tests for Chlamydiae pneumoniae
were not performed in studies on patients with LRTI and in ambulatory
patients with community-acquired pneumonia (ambulatory CAP). CAP
(ambulatory)[26] patients showed symptoms of LRTI with focal chest signs;
CAP (hospital)[27] patients showed symptoms of LRTI with radiographic
confirmation of pneumonic shadowing; LRTi[15] was defined as an acute
illness in a previously well patient with cough as the cardinal symptom and
at least one other lower respiratory tract symptom and LRTI[16] was defined
as the presence of productive cough associated with another symptom or
sign of LRTI plus constitutional symptoms and prescription of antibiotics for
the illness. in pregnant patients.

tis were less likely to have a cough (relative risk [RR] 0.64, 95%
5. Influenza Virus InfectionCI 0.49–0.85) or abnormal lung findings (RR 0.48, 95% CI

0.26–0.89).[31] However, there were no significant differences
Influenza is characterized by the abrupt onset of fever, head-between treated and non-treated groups for presence of night

ache, generalized myalgia, extreme malaise, nonproductive cough,cough, productive cough or activity limitations at follow-up or in
sore throat and rhinitis. When influenza virus is circulating in athe mean duration of activity limitations. Significantly more ad-
community, approximately two-thirds of persons with relevantverse effects such as nausea, vomiting, headache, skin rash or
signs and symptoms have been found to have laboratory-con-vaginitis were reported by patients treated with antibacterials (RR
firmed influenza virus infection.[39] Of adult patients with influen-1.48, 95% CI 1.02–2.14).
za-like symptoms, fewer than half seek medical attention, and time
taken off work ranges from 0.8 to 4 days.[40] Uncomplicated4.4 Treatment of Pregnant Patients with LRTI
influenza virus infection is usually self-limiting, and in previously

No studies have specifically addressed the issue of LRTI in healthy adults, alleviation of all major symptoms occurs in about 5
pregnancy. In the absence of conflicting data, management strate- days.[41] When complicated by pneumonia, fulminant respiratory
gies that have been developed for non-pregnant patients should be failure may develop. Secondary bacterial infection by Staphylo-
applied equally to pregnant patients. coccus aureus and S. pneumoniae is well recognized.

In line with published guidelines, we do not recommend the use Historically, influenza virus infection in pregnant patients has
of antibacterials for most patients with acute bronchitis.[32,33] In been associated with more severe disease. During the worldwide
our opinion, any modest benefit accrued from their use is out- pandemic of 1918, maternal mortality was 30%, rising to 50%
weighed by the disadvantages in relation to the promotion of when complicated by pneumonia. In the Asian flu epidemic of
antibacterial resistance, their adverse effects and their safety in 1957–58, almost half of the women of child-bearing age who died
pregnancy. Instead, we recommend the adoption of specific be- in Minnesota and New York, USA, were pregnant. In New York,
havioral and multifactorial strategies aimed at educating patients this represented 10% of all influenza deaths.[42,43] Mortality was
regarding the normally self-limiting nature of acute bronchitis.[23] highest in women in the third trimester. Post-mortem studies

© Adis Data Information BV 2003. All rights reserved. Am J Respir Med 2003; 2 (3)
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showed that pregnant women most commonly died of fulminant Based on the above evidence, the routine use of amantadine,
primary viral pneumonia, whereas nonpregnant patients died of rimantadine and the newer neuraminidase inhibitors for the treat-
secondary bacterial infection.[44] Subsequent to 1958, excess mor- ment of influenza virus infection in pregnancy cannot be recom-
tality during interpandemic periods have not been documented. An mended. Indeed, restriction of the use of these agents to the third
epidemiological study measuring hospitalizations for or death trimester may be reasonable in view of the relatively higher
from acute cardiopulmonary conditions during influenza seasons influenza mortality during this period compared with the first and
found that women aged 15–44 years in their third trimester of second trimesters.
pregnancy were 3–4 times more likely to be hospitalized than In influenza virus infection complicated by pneumonia, the use
postpartum controls.[45] In a seroepidemiological study, Irving et of antibacterial agents with activity against the likely pathogens
al.[46] used a 4-fold rise in antibody titer to determine infection that cause secondary bacterial infection is recommended. Antiviral
with the influenza virus and identified intercurrent influenza virus agents may be considered although they are of unproven benefit.
infection in 182 (11%) of 1659 women in the second and third Two instances of the use of amantadine to treat influenza virus
trimesters of pregnancy. In that study, no significant increase in infection in pregnant women have been reported.[53,54] However,
specific medical complications was observed, but overall there the potential teratogenicity of the M2 inhibitors (amantadine and
was a significantly greater number of fetal, medical and obstetric rimantadine) in contrast to the relative lack of any teratogenicity or
complications than in the controls. Together these data suggest reproductive toxicity of the neuraminidase inhibitors (zanamivir
that influenza virus infection is common during pregnancy, and and oseltamivir) in laboratory animals make the latter agents the
while there does not appear to be the same magnitude of risk of preferred choice where indicated.[55] In all instances, the uncertain
mortality as noted in earlier epidemics, hospital admission is more benefit must be weighed against the concerns regarding safety.
likely, particularly in the late stages of pregnancy.

5.2 PreventionTransplacental passage of influenza A virus has been reported
but does not appear to be common.[43] In the study by Irving et

In the UK, influenza virus vaccine is not recommended for
al.,[46] none of 138 samples of cord sera from patients infected with

pregnant women who would not otherwise qualify for immuniza-
influenza virus during pregnancy was positive for influenza A

tion according to Departments of Health guidelines.[56] In contrast,
virus-specific IgM. The authors concluded that transplacental

in the US, the Advisory Committee on Immunization Practices of
transfer of influenza would be a rare outcome of maternal infection

the Centers for Disease Control and Prevention recently broadened
in the second or third trimester. Whether influenza virus can cause

their recommendations for vaccination against influenza virus
congenital malformations is under debate, but seems unlikely.

infection to include women who will be in the second or third
Although circulatory defects and central nervous system malfor-

trimester of pregnancy during the influenza season.[57] This change
mations have been described, a review of the literature could not

was influenced by the recent report of increased rates of hospital
find convincing evidence for a definite association with preg-

admissions for acute cardiopulmonary complications in pregnant
nancy.[47]

women, similar to that in nonpregnant women with a high-risk
condition.[58] The influenza vaccine currently available in the US

5.1 Treatment of Influenza Virus Infection in Pregnancy contains three strains (two type A and one type B). The vaccine is
made from highly purified, egg-grown viruses that have been

The efficacy and safety of the M2 ion channel inhibitors inactivated (i.e. made noninfectious) and is considered to have a
(amantadine and rimantadine) and of the newer neuraminidase good safety profile during any stage of pregnancy. A study involv-
inhibitors (zanamivir and oseltamivir) in pregnancy have not been ing over 2000 pregnant women demonstrated no adverse fetal
clearly established. There are several case studies of congenital effects associated with the vaccine.[59] However, additional data
abnormalities following exposure to amantadine in pregnancy. are still needed, and in the meantime, avoidance of the first
These include cardiac anomalies (e.g. single ventricle with pul- trimester where possible seems prudent.
monary atresia, tetralogy of Fallot) and tibial hemimelia.[48-50]

Levy et al.[51] reported one woman who gave birth to two normal 6. Community-Acquired Pneumonia
infants while on treatment with amantadine. There are no pub-
lished reports of the use of rimantadine, zanamivir or oseltamivir 6.1 Incidence
during human pregnancy. In pregnant rats and rabbits treated with
high oral doses of oseltamivir, maternal toxicity and an increase in There are few studies on treatment of pneumonia during preg-
minor skeletal variations were noted.[52] nancy. Most studies are retrospective in design and include few

© Adis Data Information BV 2003. All rights reserved. Am J Respir Med 2003; 2 (3)
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Table I. Incidence and mortality of pneumonia in pregnancy (reproduced from Lim et al.[67] Thorax 2001; 56 (5): 398-405 with permission from the BMJ
Publishing Group)

Author Year No. of cases Incidence per Maternal mortality Preterm delivery
1000 deliveries (%) (%)

Finland & Dublin[60] 1939 164 6.3 18/74 (24) 32/74 (43)

Hopwood[61] 1965 23 8.5 2/23 (8.7) Not reported

Benedetti et al.[62] 1982 39 0.44 0/39 (0) 3/20 (15)

Madinger et al.[63] 1989 25 0.78 1/25 (4) 9/21 (43)

Berkowitz & LaSala[64] 1990 25 2.7 0/25 (0) 1/18 (6)

Richey et al.[65] 1994 71 1.2 2/71 (3) 1/71 (1)

Yost et al.[66] 2000 133 1.5 0/133 (0) 14/107 (13)

patients (table I). In the years before 1965, the recorded incidence 6.3 Fetal Outcome

of pneumonia in pregnancy was 6.3 to 8.5 per 1000 deliveries,[60,61]

Pregnant patients with pneumonia are significantly more likely
which decreased in the 1970s and early 1980s to between 0.44 and

to deliver before 34 weeks gestation and preterm delivery has been
0.78 per 1000 deliveries, presumably because of the introduction

reported to occur in up to 43% of cases.[74] Also, infants born to
of antibacterials and improvements in obstetric care.[62,63] More

mothers with pneumonia weigh significantly less than controls.
recently, a small increase in the incidence of pneumonia to 1.2–2.7

One study found a difference of 150g in birth weight and a
per 1000 deliveries has been noted.[64-66] As these study cohorts

difference of 8% (16 vs 8%) in the frequency of low birth weight
may not be directly comparable, it is unclear whether this reported

(≤2500g) in cases compared with controls.[66] Perinatal mortality
increase in incidence in the most recent studies is a true change

appears to be unaffected.
reflecting the higher proportion of pregnant women with chronic
medical conditions and therefore susceptible to pneumonia, as has 6.4 Risk Factors for Development of Pneumonia
been proposed.[64]

Among pregnant women, maternal age and parity have notPerhaps more importantly, the incidence of pneumonia during
been shown to be associated with pneumonia.[66] On the otherpregnancy reported in recent studies do not differ from the estimat-
hand, gestational age appears to be important. The risk of pneumo-ed incidence of CAP in young nonpregnant adults. In a Finnish
nia during pregnancy is lowest in the first trimester, with 0–16% ofpopulation-based study, the age-specific incidence of community-
cases occurring during this period. Mean gestational age at ad-acquired pneumonia per year was 6 per 1000 population for
mission for pneumonia ranges from 24 to 31 weeks.[63,66]

persons aged 15–59 years. The incidence was higher in men than
The presence of anemia as a risk factor for pneumonia was firstin women.[68] Other estimates from the US and UK are similar; 5–8

proposed by Benedetti et al.,[62] who noted that 19 (47%) of 37per 1000 population per year for persons aged 15–59 and 5 per
pregnant patients with pneumonia had a hemoglobin level of 10 g/1000 for persons aged 15–79 years, respectively.[26,69]

dL or less. A further association between asthma and pneumonia
during pregnancy was suggested by Richey et al.,[65] who noted

6.2 Mortality that in their series, 17 (24%) of 71 patients had asthma. In a recent
case-control study comprising 59 cases and 118 controls, both of

Pneumonia has been cited as the third most frequent cause of these factors (haematocrit <30% and history of asthma) were
indirect obstetric death in North America and is the most frequent confirmed to be independently associated with a 5-fold increased
cause of fatal non-obstetric infection.[70,71] However, in the UK, of risk for the development of pneumonia.[74]

134 indirect deaths during the period 1994 to 1996 (equivalent to a Antepartum corticosteroids given to reduce morbidity and mor-
rate of 6.1 per 100 000 maternities), only six were due to pneumo- tality in the premature neonate have been found to be associated
nia. Three of the six deaths due to pneumonia were in patients with with a higher rate of infectious disease (65% cases compared with
concurrent cystic fibrosis. Therefore, in absolute terms, maternal 17.5% controls) with serious bacterial infections occurring in 9
death from pneumonia remains rare in the UK. This is reflected in (24%) of 37 cases (4 of these pneumonias) compared with 0 of 74
the reported maternal mortality of 0–4%, which is similar to the controls.[75] More specifically, antepartum corticosteroids have
mortality from CAP in young hospitalized nonpregnant also been identified as being independently associated with pneu-
adults.[72,73] monia during pregnancy.[74]
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Tocolytics, administered to halt labor, have been associated of mild pneumonia and improves satisfactorily with empiric anti-
bacterials.with the development of pneumonia and, through the promotion of

pulmonary edema, also increase the risk of subsequent respiratory
6.6 Pathogensinsufficiency.[74,76] They are therefore not recommended for use in

pregnant patients with pneumonia.[77]

There are no detailed studies of the microbial agents involved
No other risk factors have been definitely identified from

in pneumonia during pregnancy. The available data are derived
studies of pregnant patients with pneumonia. However, large

mainly from observational, and often retrospective, studies where
studies in nonpregnant adults have found smoking to be strongly

only routine microbiological investigations have been used. Spu-
associated with the development of pneumonia and also invasive

tum and blood cultures were the main methods of diagnosis. Based
pneumococcal disease.[78,79] Such an association would be expec-

on four recent studies, the range of pathogens identified is similar
ted to hold true for pregnant women as well and represents an

to that described for hospitalized nonpregnant adults with CAP
important risk factor that is potentially modifiable. This is espe-

(table II).
cially relevant, since up to a third of pregnant women smoke.[80]

S. pneumoniae was the most common organism identified,
followed by H. influenzae. There were few cases of infection by

6.5 Diagnosis atypical pathogens, such as M. pneumoniae, or viruses. This may
be partly explained by the inconsistent use of serological tests.
Infection with Legionella spp. has been documented but is rare.The diagnosis of pneumonia in a pregnant patient is not always
There is no good evidence to suggest an increased risk of Legion-easy. In Madinger and colleagues’[63] series of 25 patients, 5 (20%)
naire’s disease during pregnancy or any increase in severity ofwere initially misdiagnosed, 1 was initially treated for suspected
illness.pyelonephritis, 2 had surgery for suspected appendicitis and 2

Coxiella burnetii (Q fever) is occasionally implicated in pneu-were thought to have preterm labor with no predisposing cause
monia during pregnancy. In the largest reported series of 1383identified. Similarly, Yost et al.[66] found that 14 (10.5%) of 133
infections identified over a 13-year period, 15 patients had Q feverpatients were initially misdiagnosed.
during pregnancy.[84] These patients reported significantly moreOne of the main challenges in diagnosing pneumonia during

pregnancy is differentiating between respiratory symptoms related
to physiological changes and those related to disease. Dyspnea, in
particular, is common during pregnancy. It is experienced by 50%
of women at 19 weeks gestation and up to 76% at 31 weeks.[81]

Physiologic dyspnea characteristically begins early in pregnancy
and improves or plateaus as term approaches. It does not usually
interfere with daily activities and rarely occurs at rest. Clinical
experience and a high index of suspicion are therefore crucial in
identifying patients with disproportionate dyspnea in whom pneu-
monia must be considered. Associated cough should arouse clin-
ical suspicion of an underlying cause. Clinical examination may
reveal abnormal chest signs. However, a firm diagnosis of pneu-
monia can be made only with the aid of a chest radiograph.
Therefore, given the appropriate clinical scenario, the risk of
misdiagnosing pneumonia is greater than the small risk from
radiation exposure.[82] The differential diagnosis of alveolar
shadowing on a chest x-ray in the context of pregnancy includes
noncardiogenic pulmonary edema in preeclampsia and eclampsia,
pulmonary edema secondary to tocolytic agents, aspiration
pneumonitis and, rarely, choriocarcinoma with pulmonary metas-
tases.[83] Such conditions are rare in the first trimester and an
argument could be made for not performing chest x-rays at this
stage in a pregnant woman who presents with the clinical features

Table II. Pathogens implicated in community-acquired pneumonia during
pregnancy (n = 161)[62-65]

 No. patients (%)

Bacterial pathogens

Streptococcus pneumoniae  28 (17)

Haemophilus influenzae  9 (6)

Staphylococcus aureus  2 (1.2)

Gram-negative enteric bacilli  2 (1.2)

Group A β-hemolytic streptococci  1 (0.6)

Atypical pathogens

Legionella spp.  2 (1.2)

Mycoplasma spp.  5 (3)

Viruses

Influenza A or B virus  3 (2)

Measles  1 (0.6)

Varicella  5 (3)

Others

Mycobacterium tuberculosis  2 (1.2)

Mycobacterium avium complex  1 (0.6)

Pneumocystis carinii  1 (0.6)

Unknown  99 (61)

© Adis Data Information BV 2003. All rights reserved. Am J Respir Med 2003; 2 (3)



228 Lim et al.

contact with farm or newborn animals than other patients with tions are detailed in the guidelines on management of CAP issued
acute Q fever. Fetal outcome was poor. The fetus was aborted in by national bodies.[33,87-89] It is outside the scope of this paper to
ten patients and born prematurely in three. Most human infection discuss the relative merits of the different severity assessment
with C. burnetii is due to inhalation of the organism from aerosols tools recommended. Common to all is the fact that these tools were
generated by pregnant farm animals.[85] C. burnetii has been isolat- developed mainly in hospitalized nonpregnant adults and there are
ed from the placentas of asymptomatic women, and human-to- no data specifically relating to pregnant patients. Yost et al.[66]

human transmission during delivery of the fetus and placenta has retrospectively applied the 1993 American Thoracic Society
been reported.[86] Hence, although Q fever during pregnancy is (ATS) guidelines to 119 pregnant women with pneumonia admit-
rare, it is important to make the diagnosis in view of the impact on ted to hospital. Twenty-two (96%) of the 23 women who had a
fetal outcome and the wider public health issues. In addition, complicated course were correctly identified, based on the pres-
pregnant women are advised to avoid being involved with lambing ence of any of the following: coexisting illness (including asthma,
or calving. diabetes, COPD, heart failure, chronic renal failure, chronic liver

Anaerobic organisms are not usually implicated in CAP unless disease or a postsplenectomy state); altered mental status; respira-
there is evidence of aspiration. In the pregnant patient, anaerobic tory rate >30/min; temperature >38.3°C; white cell count <4000 or
infection may need to be considered in pneumonia occurring >30 000 cells/mm3; arterial oxygen tension (PaO2) <60mm Hg or
during the peripartum period. arterial carbon dioxide tension >50mm Hg; creatinine >1.2 mg/dL

or chest radiographic evidence of multilobar involvement or pleu-
6.7 Treatment ral effusion. The ATS guidelines have since been updated and we

recommend that where possible, national guidelines are consulted.
We favor the use of the severity assessment tool detailed in the6.7.1 Severity Assessment
2001 British Thoracic Society CAP management guidelines inThe most important decision in the management of CAP is
view of its simplicity and hence ready applicability (figure 2).where to treat the patient. This is perhaps even more important for
Ultimately, clinical judgement exercised at the individual levelpregnant patients. Numerous severity assessment tools to help

guide this decision have been evaluated and specific recommenda- remains essential.

No

Yes

Consider 'core' adverse prognostic features:

• Respiratory rate 30/min or more
• Systolic BP <90mm Hg or diastolic BP ≤60mm Hg
• New mental confusion
• Urea >7 mmol/L

One
feature present

Consider 'additional' adverse
prognostic features

• PaO2 <8kPa/O2 sats <92% (any FiO2)
• CXR: bilateral/multilobar shadowing

Clinical Judgment

None
present

'Pre-existing' adverse
prognostic features present?

• Age 50 years or over or
• Any coexisting chronic illnesses?

Manage as
non-severe CAP

Two or more
features present

Manage as
severe CAP

Fig. 2. Severity assessment in the management of CAP (reproduced from the British Thoracic Society,[89] Thorax 2001; 56 Suppl. 4: IV1-64, with
permission from the BMJ Publishing Group). CAP = community-acquired pneumonia; CXR = chest x-ray; FiO2 = inspired oxygen fraction; PaO2 = oxygen
partial pressure.
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6.7.2 Appropriate Antimicrobial Agents was suggested, but there was only a small number of cases, mostly
In the absence of severe maternal toxicity there is no evidence inguinal hernia; therefore no causal relationship could be estab-

to suggest that penicillins are associated with an increased risk of lished.
malformations or other forms of fetal toxicity in human preg- Although no specific data are available, it is assumed that
nancy. If the mother is allergic to penicillin, any fetal toxicity is doxycycline, like other tetracyclines, can also cause fetal staining
likely to be secondary to maternal toxicity.[90] In a paired analysis of the teeth and depression of bone growth. A report from a
of cases with congenital abnormalities and matched controls, Hungarian surveillance project identified 56 malformed infants
treatment of pregnant patients with seven studied cephalosporins whose mothers had used doxycycline in pregnancy. However,
did not seem to present a detectable teratogenic risk to the fetus.[91]

there was no convincing pattern of abnormalities and no relation-
Erythromycin is not associated with an increased risk of mal- ship between drug use and the critical period of development of

formations or other forms of fetal toxicity in human pregnancy.[90]
any of the malformations. The authors believed that the significant

In a prospective, controlled, multicenter study, 122 of 157 association between doxycycline use and total malformations
women were exposed to clarithromycin during the first trimes- could be attributed to recall bias and that the risk of doxycycline
ter.[92] There were no significant differences between exposed and was very low.[52,96]

unexposed groups in the rates of major and minor malformations. In summary, tetracyclines should generally be avoided in preg-
The higher rate of reported spontaneous abortions in the exposed nancy
group warrants further study. In a retrospective surveillance study

There are limited data available on the use of quinolones duringof 143 mothers and their 149 infants, five infants were identified
human pregnancy. Quinolones have a high affinity for bone tissue,with major malformations, three with minor malformations, and
with arthralgia and tendonitis reported in adolescents and adults.four with undescended testicles likely to resolve with time.[93] The
Furthermore, young animals given ciprofloxacin developedobserved rate of 3.4% (95% CI 0.5–6.3) for major malformations
arthropathy with cartilage erosion. No reports of this type ofwas not statistically significantly different from an expected rate
problem have been reported following in utero exposure in humanof 2.8% based on earlier national data. There was no consistency
pregnancy. The clinical significance of these findings for the fetusacross types of major malformations.
is not known. A review of 350 pregnancies with exposure to

No congenital anomalies were observed among the infants of
ciprofloxacin found no increased risk of either spontaneous abor-

ten mothers who were treated with azithromycin during the first
tion or congenital malformations. No specific syndrome of defects

trimester of pregnancy in one series[52]. No adverse effects were
has been reported.[90]

observed in the infants of two women who were treated with
Nevertheless, the use of quinolones in persons under 18 yearsazithromycin during the second trimester of pregnancy.[52]

old and in pregnant women is not routinely recommended.The newer macrolides, clarithromycin and azithromycin, are
Only a small number of reports involving human pregnanciesreported to have fewer gastrointestinal adverse effects than ery-

have suggested that metronidazole may cause fetal toxicity.[97]thromycin.[94] This is an important consideration in pregnant pa-
Although the incidence of total malformations was apparentlytients.
increased in neonates exposed to metronidazole during the firstExposure to tetracyclines prior to 12 weeks has not been
trimester, no pattern of defects was evident. One case reportassociated with an increased risk of fetal toxicity. However, ad-
described two children exposed to metronidazole during the fifthministration of tetracyclines in the second or third trimesters of
to seventh gestational weeks who were born with midline facialpregnancy can cause yellow-brown staining and banding of the
defects.[97] The concordance between the defects noted in theseteeth of the child and reversible growth retardation of the long
two cases has been proposed as a significant indicator of a terato-bones.[95] There may be up to a 40% depression of bone growth,
genic effect that had been previously overlooked. In contrast toespecially of the fibula in preterm pregnancies. Although there are
these observations, the accumulated data on more than 1300 birthsa number of case reports of congenital anomalies in human preg-
involving prenatal exposure to metronidazole suggest no increasenancies following tetracycline use by the mother, the Collabora-
in congenital anomalies.[98-101] In addition, a retrospective cohorttive Perinatal Project was not able to establish a causal relationship
study involving nearly 1400 exposed pregnancies did not detect anwith tetracyclines among the children of 341 women treated with
increase in congenital abnormality or low-birth-weight infants.[98]

tetracycline during the first 4 lunar months of pregnancy.[90] Simi-
larly, the frequency of congenital anomalies was not increased No congenital anomalies in infants born to women who took
among the children of 1336 women treated with tetracycline at any vancomycin during pregnancy have been reported, in epidemio-
time during pregnancy. A possible association with minor defects logical studies. No evidence of auditory or renal damage was
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found among ten infants whose mothers had been treated with 7. HIV Infection and Pneumonia
vancomycin during the second or third trimester of pregnancy.[102]

No increase in abnormal outcomes was noted among the infants The prevalence of human immunodeficiency virus (HIV) infec-
of 104 women treated with clindamycin in the second or third tion in mothers living in London has risen from 0.032% in 1988 to
trimester of pregnancy, as part of a controlled trial of therapy to 0.19% in 1996.[106] The majority (58%) are mothers infected
prevent low birth weight.[103] In a surveillance study of Michigan through heterosexual contact. This trend is also evident in the US,
Medicaid recipients involving 229 101 pregnancies conducted be- where over 80% of women with AIDS are of reproductive age.[107]

tween 1985 and 1992, 647 neonates had been exposed to clinda- Bacterial infections are the most common respiratory complica-
mycin in the first trimester.[104] A total of 31 (4.8%) major birth tions in patients with HIV infection.[108] The reported incidence of
defects were observed of which 28 were expected. bacterial pneumonia ranges from 5.5 to 12.5 per 100 person-

years.[109-111] A Swiss cohort found that recurrent bacterial pneu-
monia was the only AIDS-defining event which was significantly6.7.3 Suggested Treatments According to Disease Severity
more common in HIV-infected pregnant women compared with

Antibacterial therapy is usually empirical and the choice of
nonpregnant women (RR 8.0, 95% CI 1.7–37).[112] Otherwise, no

antibiotics in the pregnant patient with CAP is influenced by
robust evidence exists to indicate that community-acquired LRTI

disease severity and therefore site of treatment, likely pathogens
should behave any differently in HIV-infected pregnant women.

involved based on local epidemiology, and drug safety. Suggested
Although Pneumocystis carinii pneumonia (PCP) has not beenantibiotics for use in different patient groups stratified according

shown to be more common in HIV-infected pregnant women thanto site of care and disease severity are given in table III. These are
nonpregnant women, it is still the most common cause of AIDS-drawn from recently published guidelines by national bodies in the
related death in pregnant women in the US.[113] A recent review ofUK and US with some modification.
the literature identified 22 reported cases of PCP in pregnantApart from antibiotics, the appropriate administration of sup-
women.[114] All had previously undiagnosed HIV infection. Clin-plemental oxygen and intravenous fluids, where indicated, must
ical presentation of disease was not altered as reported previous-not be ignored.
ly.[115] However, maternal and fetal outcomes were dismal. Thir-
teen (59%) patients developed respiratory failure requiring

6.7.4 Vaccination mechanical ventilation and 11 (50%) patients died. There were
five stillbirths and four other babies died shortly after delivery.The pneumococcal vaccine is recommended for use in patients
Patients presenting in the third trimester appeared to have a betterat high risk of developing severe pneumococcal infection.[105]

prognosis. These figures compare poorly with those for non-These recommendations apply to some women of child-bearing
pregnant patients with HIV disease and PCP. Unfortunately, thereage (e.g. patients with asplenia or sickle-cell anemia). As the
is a lack of studies directly comparing HIV-infected pregnantsafety profile of the pneumococcal vaccine in pregnancy is untest-
women with nonpregnant women, and the more severe diseaseed, women at high risk of pneumococcal disease should ideally be
depicted in these case reports may reflect publication bias.vaccinated before pregnancy.

Table III. Suggested empirical treatments for pregnant patients with community-acquired pneumonia

Antibiotic Comments

Home treated The choice of monotherapy with an aminopenicillin or a macrolide
Amoxicillin 500mg–1.0g 8-hourly PO or new generation macrolide depends on the local epidemiology. Reference to locally and nationally
(e.g. clarithromycin 500mg 12-hourly PO) issued guidelines is recommended. Where penicillin-resistant

Streptococcus pneumoniae infection is likely, higher-dose amoxicillin
(1g 8-hourly) is recommended ± macrolide.

Hospital treated (non-severe) The use of antipneumococcal fluoroquinolones as an alternative agent is
Amoxicillin 500mg–1.0g 8-hourly PO and new generation macrolide not recommended in view of limited data regarding their safety during
(e.g. clarithromycin 500mg 12-hourly PO) pregnancy.

Hospital treated (severe) Alternatives to cefuroxime include cefotaxime and ceftriaxone
Cefuroxime 1.5g 8-hourly IV and new generation macrolide
(e.g. clarithromycin 500mg 12-hourly IV)

IV = intravenous; PO = oral.
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due to its folate antagonist activity. Nevertheless, trimethoprim/
sulfamethoxazole is the treatment of choice for all patients with
PCP, regardless of disease severity and the risks from adverse drug
effects. As with nonpregnant patients, adjunctive corticosteroids
are indicated for patients with PCP pneumonia presenting with
hypoxemia (PaO2 <8.3 kPa). There is little experience with the use
in pregnant patients of alternative agents active against P. carinii.

Chemoprophylaxis for PCP in HIV-infected pregnant women is
recommended using trimethoprim/sulfamethoxazole. If there are
concerns regarding the theoretical risks of teratogenicity, aerosol-
ized pentamidine, which has minimal systemic absorption, may be
used as an alternative agent during the first trimester.

8. Summary

Few studies have been performed examining the issue of com-
munity-acquired LRTI during pregnancy. Pneumonia is the best
studied. Currently, there are few data to indicate that community-
acquired LRTI present differently or are more severe during
pregnancy. However, pregnancy poses special concerns regarding
the risks from adverse drug effects. In general, management strate-
gies developed for nonpregnant patients apply equally well to
pregnant patients. Antibiotic options are more limited and in all
instances, the benefits of antibiotic use must be weighed carefully
against their risks and adverse effects. A summary of the safety of
selected antimicrobials in pregnancy is provided in table IV.

Acknowledgements

The authors have no conflicts of interest to declare and have received no
sources of funding directly relevant to the content of this review.

References
1. Elkus R, Popovich Jr J. Respiratory physiology in pregnancy. Clin Chest Med

1992; 13: 555-65
2. Crapo RO. Normal cardiopulmonary physiology during pregnancy. Clin Obstet

Gynecol 1996; 39: 3-16
3. Baley JE, Schacter BZ. Mechanisms of diminished natural killer cell activity in

pregnant women and neonates. J Immunol 1985; 134: 3042-8
4. Bulmer R, Hancock KW. Depletion of circulating T lymphocytes in pregnancy.

Clin Exp Immunol 1977; 28: 302-5

Table IV. Summary of the safety of selected antimicrobials in pregnancya

Antimicrobial Safety in pregnancy

authors’ classification US FDA classification

Amantadine ▲ C

Rimantadine × C

Zanamivir ▲ C

Oseltamivir × C

Penicillins ✓ B

Cefalosporins ✓ B

Erythromycin ✓ B

Clarithromycin ▲ C

Azithromycin ▲ B

Tetracyclines × D

Quinolones × C

Metronidazole ✓ B

Vancomycin ▲ B

Clindamycin ✓ B

Trimethoprim/ ▲ C
sulfamethoxazole
(cotrimoxazole)

Pentamidine × C

a The drugs have been classified in the light of currently available
evidence, and where information is scarce the drugs have been
classified as requiring monitoring.

Key to authors’ classification: ✓ = adverse effects may have been shown
in preclinical animal studies but published human studies do not show any
adverse effects; ▲ = animal studies have revealed adverse effects in the
fetus and there are no controlled studies to determine risk; × = positive
evidence of fetal risk but the benefits from use in pregnancy may be
acceptable despite the risk; B = animal studies do not indicate a risk to the
fetus and there are no controlled human studies, or animal studies do
show an adverse effect on the fetus but well controlled studies in pregnant
women have failed to demonstrate a risk to the fetus; C = studies have
shown that the drug exerts animal teratogenic or embryocidal effects, but
there are no controlled studies in women, or no studies are available in
either animals or women; D = positive evidence of human fetal risk exists,
but benefits in certain situations (e.g. life-threatening situations or serious
diseases for which safer drugs cannot be used or are ineffective) may
make use of the drug acceptable despite its risks.

5. Chardonnens X, Jeannet M. Lymphocyte-mediated cytotoxicity and humoral anti-
bodies in human pregnancy. Int Arch Allergy Appl Immunol 1980; 61: 467-71

7.1 Treatment and Prevention 6. Lederman MM. Cell-mediated immunity and pregnancy. Chest 1984; 86: 6S-9S
7. Sridama V, Pacini F, Yang SL, et al.  Decreased levels of helper T cells: a possible

cause of immunodeficiency in pregnancy. N Engl J Med 1982; 307: 352-6There is one case-control study of 6228 infants with congenital
8. Baboonian C, Griffiths P. Is pregnancy immunosuppressive?: humoral immunity

anomalies that reported a statistical association with maternal use against viruses. Br J Obstet Gynaecol 1983; 90: 1168-75
9. Lee A, Inch S, Finnigan D, editors. Therapeutics in pregnancy and lactation. 1st ed.of trimethoprim/sulfamethoxazole (cotrimoxazole) during preg-

Abingdon, Oxon: Radcliffe Medical Press Ltd, 2000nancy.[116] However, no characteristic pattern was observed among
10. McElhatton PR. General principles of drug use in pregnancy. Pharmaceutical

exposed infants who had multiple congenital anomalies. The au- Journal 2003; 270 (7236): 232-4
11. Hope-Simpson RE, Miller DL. The definition of acute respiratory illnesses inthor concluded that the association was unlikely to have resulted

general practice. Postgrad Med J 1973; 49: 763-70
from a teratogenic effect of the drugs. There is also a theoretical 12. Dunlay J, Reinhardt R, Roi LD. A placebo-controlled, double-blind trial of
risk of neural tube defects with trimethoprim/sulfamethoxazole erythromycin in adults with acute bronchitis. J Fam Pract 1987; 25: 137-41

© Adis Data Information BV 2003. All rights reserved. Am J Respir Med 2003; 2 (3)



232 Lim et al.

13. Verheij T, Hermans J, Kaptein A, et al.  Acute bronchitis: course of symptoms and 38. Einarson A, Lyszkiewicz D, Koren G. The safety of dextromethorphan in preg-
restrictions in patients’ daily activities. Scand J Prim Health Care 1995; 13: nancy: results of a controlled study. Chest 2001; 119: 466-9
8-12 39. Monto AS, Gravenstein S, Elliott M, et al.  Clinical signs and symptoms predicting

influenza infection. Arch Intern Med 2000; 160: 3243-714. Stott NC, West RR. Randomised controlled trial of antibiotics in patients with
cough and purulent sputum. BMJ 1976; 2: 556-9 40. Nichol KL. Cost-benefit analysis of a strategy to vaccinate healthy working adults

against influenza. Arch Intern Med 2001; 161: 749-5915. Macfarlane J, Holmes W, Gard P, et al.  Prospective study of the incidence,
aetiology and outcome of adult lower respiratory tract illness in the community. 41. Hayden FG, Osterhaus AD, Treanor JJ, et al.  Efficacy and safety of the neura-
Thorax 2001; 56: 109-14 minidase inhibitor zanamivir in the treatment of influenzavirus infections:

GG167 Influenza Study Group. N Engl J Med 1997; 337: 874-8016. Macfarlane JT, Colville A, Guion A, et al.  Prospective study of aetiology and
outcome of adult lower-respiratory-tract infections in the community. Lancet 42. McKinney WP, Volkert P, Kaufman J. Fatal swine influenza pneumonia during
1993; 341: 511-4 late pregnancy. Arch Intern Med 1990; 150: 213-5

17. Metlay JP, Stafford RS, Singer DE. National trends in the use of antibiotics by 43. Larsen Jr JW. Influenza and pregnancy. Clin Obstet Gynecol 1982; 25: 599-603
primary care physicians for adult patients with cough. Arch Intern Med 1998; 44. Hollingsworth HM, Pratter MR, Irwin RS. Acute respiratory failure in pregnancy. J
158: 1813-8 Intensive Care Med 1989; 4: 11-34

18. McCaig LF, Hughes JM. Trends in antimicrobial drug prescribing among office- 45. Neuzil KM, Reed GW, Mitchel EF, et al.  Impact of influenza on acute cardiopul-
based physicians in the United States. JAMA 1995; 273: 214-9 monary hospitalizations in pregnant women. Am J Epidemiol 1998; 148:

19. Gonzales R, Steiner JF, Sande MA. Antibiotic prescribing for adults with colds, 1094-102
upper respiratory tract infections, and bronchitis by ambulatory care physicians. 46. Irving WL, James DK, Stephenson T, et al.  Influenza virus infection in the second
JAMA 1997; 278: 901-4 and third trimesters of pregnancy: a clinical and seroepidemiological study.

20. Macfarlane J. Lower respiratory tract infection and pneumonia in the community. BJOG 2000; 107: 1282-9
Semin Respir Infect 1999; 14: 151-62 47. MacKenzie JS, Houghton M. Influenza infections during pregnancy: association

21. Nicholson KG, Kent J, Hammersley V, et al.  Risk factors for lower respiratory with congenital malformations and with subsequent neoplasms in children, and
complications of rhinovirus infections in elderly people living in the com- potential hazards of live virus vaccines. Bacteriol Rev 1974; 38: 356-70
munity: prospective cohort study. BMJ 1996; 313: 1119-23 48. Rosa F. Amantadine pregnancy experience [letter]. Reprod Toxicol 1994; 8: 531

22. Boldy DA, Skidmore SJ, Ayres JG. Acute bronchitis in the community: clinical 49. Nora JJ, Nora AH, Way GL. Cardiovascular maldevelopment associated with
features, infective factors, changes in pulmonary function and bronchial reac- maternal exposure to amantadine [letter]. Lancet 1975; II: 607
tivity to histamine. Respir Med 1990; 84: 377-85 50. Pandit PB, Chitayat D, Jefferies AL, et al.  Tibial hemimelia and tetralogy of Fallot

23. Gonzales R, Steiner JF, Lum A, et al.  Decreasing antibiotic use in ambulatory associated with first trimester exposure to amantadine. Reprod Toxicol 1994; 8:
practice: impact of a multidimensional intervention on the treatment of uncom- 89-92
plicated acute bronchitis in adults. JAMA 1999; 281: 1512-9 51. Levy M, Pastuszak A, Koren G. Fetal outcome following intrauterine amantadine

24. Reimer LG, Carroll KC. Role of the microbiology laboratory in the diagnosis of exposure. Reprod Toxicol 1991; 5: 79-81
lower respiratory tract infections. Clin Infect Dis 1998; 26: 742-8 52. Heitland G, Hurlbut KM, editors. Reprotox (azithromycin monograph):

25. Melbye H, Berdal BP, Straume B, et al.  Pneumonia: a clinical or radiographic REPRORISK® System. Greenwood Village, Colorado: MICROMEDEX, edi-
diagnosis?: etiology and clinical features of lower respiratory tract infection in tion expires 31 Mar, 2003
adults in general practice. Scand J Infect Dis 1992; 24: 647-55 53. Kort BA, Cefalo RC, Baker VV. Fatal influenza A pneumonia in pregnancy. Am J

26. Woodhead MA, Macfarlane JT, McCracken JS, et al.  Prospective study of the Perinatol 1986; 3: 179-82
aetiology and outcome of pneumonia in the community. Lancet 1987; I: 671-4 54. Kirshon B, Faro S, Zurawin RK, et al.  Favorable outcome after treatment with

27. Lim WS, Macfarlane JT, Boswell TC, et al.  Study of community acquired amantadine and ribavirin in a pregnancy complicated by influenza pneumonia:
pneumonia aetiology (SCAPA) in adults admitted to hospital: implications for a case report. J Reprod Med 1988; 33: 399-401
management guidelines. Thorax 2001; 56: 296-301 55. Gubareva LV, Kaiser L, Hayden FG. Influenza virus neuraminidase inhibitors.

Lancet 2000; 355: 827-3528. Guest JF, Morris MA. Community-acquired lower respiratory tract infections: the
annual cost to the National Health Service. Br J Med Econ 1996; 10: 263-73 56. Departments of Health. Influenza. In: Salisbury DM, Begg NT, editors. Immunisa-

tion against infectious disease, Edward Jenner Bicentenary ed. London: HMSO,29. Holmes WF, Macfarlane JT, Macfarlane RM, et al.  The influence of antibiotics
113-20and other factors on reconsultation for acute lower respiratory tract illness in

primary care. Br J Gen Pract 1997; 47: 815-8 57. Prevention and control of influenza: recommendations of the Advisory Committee
on Immunization Practices (ACIP). MMWR Morb Mortal Wkly Rep 2000; 49:30. Bent S, Saint S, Vittinghoff E, et al.  Antibiotics in acute bronchitis: a meta-
1-38analysis. Am J Med 1999; 107: 62-7

58. Couch RB. Prevention and treatment of influenza. N Engl J Med 2000; 343:31. Smucny J, Fahey T, Becker L, et al. Antibiotics for acute bronchitis. Available in
1778-87The Cochrane Library [database on disk and CD ROM]. Updated quarterly. The

Cochrane Collaboration. Oxford: Update Software, CD000245 59. Heinonen OP, Shapiro S, Monson RR, et al.  Immunization during pregnancy
against poliomyelitis and influenza in relation to childhood malignancy. Int J32. ERS Task Force Report. Guidelines for management of adult community-acquired
Epidemiol 1973; 2: 229-35lower respiratory tract infections: European Respiratory Society. Eur Respir J

1998; 11: 986-91 60. Finland M, Dublin TD. Pneumococcal pneumonias complicating the pregnancy
and puerperium. JAMA 1939; 112: 1027-3233. Bartlett JG, Dowell SF, Mandell LA, et al.  Practice guidelines for the management

61. Hopwood HG. Pneumonia in pregnancy. Obstet Gynecol 1965; 25: 875-9of community-acquired pneumonia in adults: Infectious Diseases Society of
America. Clin Infect Dis 2000; 31: 347-82 62. Benedetti TJ, Valle R, Ledger WJ. Antepartum pneumonia in pregnancy. Am J

Obstet Gynecol 1982; 144: 413-734. Gonzales R, Bartlett JG, Besser RE, et al.  Principles of appropriate antibiotic use
for treatment of uncomplicated acute bronchitis: background. Ann Intern Med 63. Madinger NE, Greenspoon JS, Ellrodt AG. Pneumonia during pregnancy: has
2001; 134: 521-9 modern technology improved maternal and fetal outcome? Am J Obstet

Gynecol 1989; 161: 657-6235. Macfarlane JT, Holmes WF, Macfarlane RM. Reducing reconsultations for acute
lower respiratory tract illness with an information leaflet: a randomized control- 64. Berkowitz K, LaSala A. Risk factors associated with the increasing prevalence of
led study of patients in primary care. Br J Gen Pract 1997; 47: 719-22 pneumonia during pregnancy. Am J Obstet Gynecol 1990; 163: 981-5

36. Macfarlane J, Holmes W, Gard P, et al.  Reducing antibiotic use for acute 65. Richey SD, Roberts SW, Ramin KD, et al.  Pneumonia complicating pregnancy.
bronchitis in primary care: blinded, randomised controlled trial of patient Obstet Gynecol 1994; 84: 525-8
information leaflet. BMJ 2002; 324: 91-4 66. Yost NP, Bloom SL, Richey SD, et al.  An appraisal of treatment guidelines for

37. Schroeder K, Fahey T. Systematic review of randomised controlled trials of over antepartum community-acquired pneumonia. Am J Obstet Gynecol 2000; 183:
the counter cough medicines for acute cough in adults. BMJ 2002; 324: 329-31 131-5

© Adis Data Information BV 2003. All rights reserved. Am J Respir Med 2003; 2 (3)



Treatment of LRTI during Pregnancy 233

67. Lim WS, Macfarlane JT, Colthorpe CL. Pneumonia and pregnancy. Thorax 2001; 93. Kelsey JJ, Moser LR, Jennings JC, et al.  Presence of azithromycin breast milk
56 (5): 398-405 concentrations: a case report. Am J Obstet Gynecol 1994; 170: 1375-6

68. Jokinen C, Heiskanen L, Juvonen H, et al.  Incidence of community-acquired 94. Joint Formulary Committee. British National Formulary. 44th ed. London: British
pneumonia in the population of four municipalities in eastern Finland. Am J Medical Association and Royal Pharmaceutical Society of Great Britain, Sep
Epidemiol 1993; 137: 977-88 2002

69. Foy HM, Cooney MK, Allan I, et al.  Rates of pneumonia during influenza 95. Rendle-Short TJ. Tetracycline in teeth and bone. Lancet 1962; 1: 1188
epidemics in Seattle, 1964 to 1975. JAMA 1979; 241: 253-8 96. Heitland G, Hurlburt KM, editors. Reprotox (doxycycline monograph):

70. Kaunitz AM, Hughes JM, Grimes DA, et al.  Causes of maternal mortality in the REPRORISK® System. Greenwood Village, Colorado: MICROMEDEX, edi-
United States. Obstet Gynecol 1985; 65: 605-12 tion expires 31 Mar, 2003

71. Visscher HC, Visscher RD. Indirect obstetric deaths in the state of Michigan 97. Cantu JM, Garcia-Cruz D. Midline facial defect as a teratogenic effect of metroni-
1960-1968. Am J Obstet Gynecol 1971; 109: 1187-96 dazole. Birth Defects Orig Artic Ser 1982; 18: 85-8

72. Anonymous. Community-acquired pneumonia in adults in British hospitals in 98. Piper JM, Mitchel EF, Ray WA. Prenatal use of metronidazole and birth defects: no
1982-1983: a survey of aetiology, mortality, prognostic factors and outcome: association. Obstet Gynecol 1993; 82: 348-52
the British Thoracic Society and the Public Health Laboratory Service. Q J Med 99. Morgan I. Metronidazole treatment in pregnancy. Int J Gynaecol Obstet 1978; 15:
1987; 62: 195-220 501-2

73. Simpson JC, Macfarlane JT, Watson J, et al.  A national confidential enquiry into 100. Caro-Paton T, Carvajal A, Martin de Diego I, et al.  Is metronidazole teratogenic?:
community acquired pneumonia deaths in young adults in England and Wales. a meta-analysis. Br J Clin Pharmacol 1997; 44: 179-82
Thorax 2000; 55: 1040-5

101. Czeizel AE, Rockenbauer M. A population based case-control teratologic study of
74. Munn MB, Groome LJ, Atterbury JL, et al.  Pneumonia as a complication of oral metronidazole treatment during pregnancy. Br J Obstet Gynaecol 1998;

pregnancy. J Matern Fetal Med 1999; 8: 151-4 105: 322-7
75. Rotmensch S, Vishne TH, Celentano C, et al.  Maternal infectious morbidity 102. Reyes MP, Ostrea Jr EM, Cabinian AE, et al.  Vancomycin during pregnancy: does

following multiple courses of betamethasone. J Infect 1999; 39: 49-54 it cause hearing loss or nephrotoxicity in the infant? Am J Obstet Gynecol 1989;
76. Maccato M. Respiratory insufficiency due to pneumonia in pregnancy. Obstet 161: 977-81

Gynecol Clin North Am 1991; 18: 289-99 103. McCormack WM, Rosner B, Lee YH, et al.  Effect on birth weight of erythromycin
77. Goodrum LA. Pneumonia in pregnancy. Semin Perinatol 1997; 21: 276-83 treatment of pregnant women. Obstet Gynecol 1987; 69: 202-7
78. Nuorti JP, Butler JC, Farley MM, et al.  Cigarette smoking and invasive pneumo- 104. Briggs GG, Freeman RK, Yaffe SJ. Trimethoprim: drugs in pregnancy and

coccal disease: Active Bacterial Core Surveillance Team. N Engl J Med 2000; lactation. 5th ed. Baltimore (MD): Williams and Wilkins, 1998: 1061-2
342: 681-9

105. Prevention of pneumococcal disease: recommendations of the Advisory Commit-
79. Almirall J, Bolibar I, Balanzo X, et al.  Risk factors for community-acquired tee on Immunization Practices (ACIP). MMWR Recomm Rep 1997; 46 (RR-8):

pneumonia in adults: a population-based case-control study. Eur Respir J 1999; 1-24
13: 349-55

106. Nicoll A, McGarrigle C, Brady AR, et al.  Epidemiology and detection of HIV-1
80. Montgomery SM, Ekbom A. Smoking during pregnancy and diabetes mellitus in a among pregnant women in the United Kingdom: results from national surveil-

British longitudinal birth cohort. BMJ 2002; 324: 26-7 lance 1988-96. BMJ 1998; 316: 253-8
81. Milne JA, Howie AD, Pack AI. Dyspnoea during normal pregnancy. Br J Obstet

107. Wortley PM, Fleming PL. AIDS in women in the United States: recent trends.
Gynaecol 1978; 85: 260-3

JAMA 1997; 278: 911-6
82. Diethelm L, Xu H. Diagnostic imaging of the lung during pregnancy. Clin Obstet

108. Wallace JM, Rao AV, Glassroth J, et al.  Respiratory illness in persons with human
Gynecol 1996; 39: 36-55

immunodeficiency virus infection: the Pulmonary Complications of HIV Infec-
83. Libshitz HI, Baber CE, Hammond CB. The pulmonary metastases of choriocarci- tion Study Group. Am Rev Respir Dis 1993; 148: 1523-9

noma. Obstet Gynecol 1977; 49: 412-6
109. Hirschtick RE, Glassroth J, Jordan MC, et al.  Bacterial pneumonia in persons

84. Raoult D, Tissot-Dupont H, Foucault C, et al.  Q fever 1985-1998: clinical and infected with the human immunodeficiency virus: Pulmonary Complications of
epidemiologic features of 1,383 infections. Medicine (Baltimore) 2000; 79: HIV Infection Study Group. N Engl J Med 1998; 333: 845-51
109-23

110. Baril L, Astagneau P, Nguyen J, et al.  Pyogenic bacterial pneumonia in human
85. Pebody RG, Wall PG, Ryan MJ, et al.  Epidemiological features of Coxiella

immunodeficiency virus-infected inpatients: a clinical, radiological, microbio-
burnetii infection in England and Wales: 1984 to 1994. Commun Dis Rep CDR

logical, and epidemiological study. Clin Infect Dis 1998; 26: 964-71
Rev 1996; 6: R128-32

111. Wallace JM, Hansen NI, Lavange L, et al.  Respiratory disease trends in the
86. Raoult D, Stein A. Q fever during pregnancy: a risk for women, fetuses and

pulmonary complications of HIV infection study cohort: Pulmonary Complica-
obstetricians. N Engl J Med 1994; 330: 371

tions of HIV Infection Study Group. Am J Respir Crit Care Med 1997; 155:
87. Niederman MS, Mandell LA, Anzueto A, et al.  Guidelines for the management of 72-80

adults with community-acquired pneumonia: diagnosis, assessment of severity,
112. Weisser M, Rudin C, Battegay M, et al.  Does pregnancy influence the course of

antimicrobial therapy, and prevention. Am J Respir Crit Care Med 2001; 163:
HIV infection?: evidence from two large Swiss cohort studies. J Acquir

1730-54
Immune Defic Syndr Hum Retrovirol 1998; 17: 404-10

88. Mandell LA, Marrie TJ, Grossman RF, et al.  Canadian guidelines for the initial
113. Koonin LM, Ellerbrock TV, Atrash HK, et al.  Pregnancy-associated deaths due to

management of community-acquired pneumonia: an evidence-based update by
AIDS in the United States. JAMA 1989; 261: 1306-9

the Canadian Infectious Diseases Society and the Canadian Thoracic Society.
114. Ahmad H, Mehta NJ, Manikal VM, et al.  Pneumocystis carinii pneumonia inThe Canadian Community-Acquired Pneumonia Working Group. Clin Infect

pregnancy. Chest 2001; 120: 666-71Dis 2000; 31: 383-421
115. Saade GR. Human immunodeficiency virus (HIV)-related pulmonary complica-89. British Thoracic Society. Guidelines for the management of community acquired

tions in pregnancy. Semin Perinatol 1997; 21: 336-50pneumonia in adults. Thorax 2001; 56 Suppl. 4: IV1-64
116. Czeizel A. A case-control analysis of the teratogenic effects of co-trimoxazole.90. NHS Northern and Yorkshire Regional Drug and Therapeutics Centre. The Nation-

Reprod Toxicol 1997; 4: 305-13al Teratology Information Service. Antibiotics: use in pregnancy. 2000 Jan 7.
Toxbase. Available from URL: http://spib.axl.co.uk [Accessed 2000 Jan]

91. Czeizel AE, Rockenbauer M, Sorensen HT, et al.  Use of cephalosporins during
Correspondence and offprints: Dr Wei Shen Lim, Respiratory Infection

pregnancy and in the presence of congenital abnormalities: a population-based,
Research Group, Respiratory Medicine, Nottingham City Hospital,case-control study. Am J Obstet Gynecol 2001; 184: 1289-96
Hucknall Road, Nottingham, NG5 1PB, UK.92. Einarson A, Phillips E, Mawji F, et al.  A prospective controlled multicentre study

of clarithromycin in pregnancy. Am J Perinatol 1998; 15: 523-5 E-mail: wlim2@ncht.trent.nhs.uk

© Adis Data Information BV 2003. All rights reserved. Am J Respir Med 2003; 2 (3)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




