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Background: Respiratory viral infections are common in pregnancy, but their health impact,
especially in asthma, is unknown. The objective of this study was to assess the frequency, severity,
and consequences of respiratory viral infection during pregnancy in women with and without
asthma.

Methods: In this prospective cohort study, common cold symptoms were assessed during pregnancy
in 168 women with asthma and 117 women without asthma using the common cold questionnaire
and by self-report. Nasal and throat swabs were collected for suspected infections and tested by
polymerase chain reaction for respiratory viruses. Pregnancy and asthma outcomes were recorded.
Results: Pregnant women with asthma had more prospective self-reported and questionnaire-
detected common colds than pregnant women without asthma (incidence rate ratio, 1.77;
95% CI, 1.30-2.42; P <.0001). Retrospectively reported common colds in early pregnancy and
post partum were increased in women with asthma compared with women without asthma. The
severity of cold symptoms was also increased in women with asthma (total cold score median, 8;
interquartile range [5, 10] in women with asthma vs 6 [5, 8] in control subjects; P =.031). Among
women with asthma, having a laboratory-confirmed viral infection was associated with poorer
maternal health, with 60% of infections associated with uncontrolled asthma and a higher likeli-
hood of preeclampsia.

Conclusions: Pregnant women with asthma have more common colds during pregnancy than preg-
nant women without asthma. Colds during pregnancy were associated with adverse maternal
and pregnancy outcomes. Prevention of viral infection in pregnancy may improve the health of
mothers with asthma. CHEST 2013; 144(2):420-427

Abbreviations: ACQ = Asthma Control Questionnaire; CCQ = common cold questionnaire; IQR = interquartile range;
IRR = incidence rate ratio; MAP = Managing Asthma in Pregnancy; PCR = polymerase chain reaction; RR = relative risk

Pregnant women, especially those with asthma, expe-
rience significant problems associated with respi-
ratory viral infections.! The outcomes from pandemic
2009 influenza A(HIN1) were more severe in preg-
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nant women and people with asthma,? and retrospec-
tive studies report more infections in pregnant women
with asthma than those without asthma.34 The effects
of viral infection may be more severe among preg-
nant women with asthma, with a 10-fold increased
risk of respiratory-related hospitalization during the
influenza season described for pregnant women with
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asthma compared with women without asthma.! Respi-
ratory viral infections are reported to be a significant
cause of asthma exacerbations during pregnancy’ and
may be associated with adverse outcomes, such as
low birth weight.®

The characteristics and mechanisms of these effects
are not well understood. Among nonpregnant women
with asthma, susceptibility to respiratory viral infec-
tion is not increased, but colds are more severe with
more lower respiratory tract symptoms, which are
longer lasting.” However, pregnant women may be more
susceptible to viral infection because of a pregnancy-
related impairment in antiviral interferon responsess?
or deficiencies in epithelial cell function, overproduc-
tion of mucus, or alveolar macrophage dysfunction.!?

We hypothesized that during pregnancy, women
with asthma experience more frequent and more severe
respiratory viral infections than pregnant women with-
out asthma. We assessed these effects prospectively
during pregnancy by assessing common colds by self-
report and using the common cold questionnaire
(CCQ) and polymerase chain reaction (PCR) test-
ing and retrospectively in early pregnancy and post
partum.

MATERIALS AND METHODS

Study Design

Pregnant women with and without asthma were recruited from
April 2007 to November 2009 (Fig 1) at the antenatal clinic of
John Hunter Hospital, Newcastle, Australia. Written informed con-
sent was obtained and ethics approval granted by the Univer-
sity of Newcastle and Hunter New England Area Health Service
Research Ethics Committees (approval number 07/02/21/3.06).
Women between 12 and 20 weeks’ gestation who were > 18 years
of age were included. Exclusion criteria were the presence of a
chronic medical disease (other than asthma), drug or alcohol depen-
dence, and an inability to attend study visits or perform spirom-
etry. Control subjects had never received a diagnosis of asthma,
whereas women with asthma had a doctor’s diagnosis of asthma
and asthma symptoms or therapy in the prior 3 months.

Women completed monthly clinical visits and were telephoned
fortnightly (e-Appendix 1, e-Fig 1). The majority (157 of 168, 93%)
of the women with asthma also commenced participation in the
Managing Asthma in Pregnancy (MAP) study.!-12 Regardless of
coparticipation in MAP, all women, with and without asthma, had
the same schedule of study visits and telephone contacts and were
eligible for additional visits based on the same criteria (current
common cold). Some women consented to donate blood for in vitro
studies of responses to viral infection.s?

Clinical Measures

At each visit and telephone contact, asthma symptoms over the
past 7 days were collected by self-report and using the Asthma
Control Questionnaire (ACQ7)."® Exacerbations were assessed by
direct questioning and defined as those requiring medical inter-
vention (hospital admission, ED presentation, unscheduled doctor
visit, or the use of oral corticosteroids).

Common colds were assessed by direct questioning (self-report:
“Do you currently have a cold?”) and using the CCQ (e-Fig 2)'* at
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each contact. The CCQ assessed nine symptoms over four domains
(general: fevers, chills, muscle pains; nasal: watery eyes, runny nose,
sneezing; throat: sore throat; chest: cough, chest pain), which were
scored as none (0), mild (1), moderate (2), or severe (3).1* A cold
was “probable” when symptoms were moderate in at least two
domains or mild in at least three domains. Unless otherwise indi-
cated, a common cold was defined as instances wherein the CCQ
indicated a “probable cold.” Common cold severity was assessed by
the total CCQ score (possible score, 0-27) and by the proportion
of colds with a score =10.14 Baseline scores are given in e-Table 1.
Colds in early pregnancy and post partum were retrospectively
assessed by self-report at the first study visit and 6 months post
partum, respectively. Subjects with a current cold (women with
and without asthma) or current asthma exacerbation were offered
additional visits either at home or hospital within 48 h. If a new
cold was reported 14 days after a previous report, it was consid-
ered a separate clinical event.”

Virus PCR Testing

Nasal and throat swabs were collected from women with common
colds. Viruses were identified using real-time quantitative PCR for
rhinovirus, enterovirus, respiratory syncytial virus A and B, influ-
enza A and B, coronavirus, and human metapneumovirus.'s

Statistical Methods

Statistical analysis was performed using Stata 11 (StataCorp LP).
Results are presented as mean * SD or median (interquartile
range [IQR]) with Student ¢ test and Wilcoxon rank sum tests as
appropriate and Wilcoxon signed rank test for paired data. The
X2 test was used to compare proportions. Two-sided tests with
P <05 were considered significant, with the exception of data on
the frequency of common colds and PCR-positive colds (P <.025,
because this outcome was assessed by two similar methods). The
rate difference between the groups for colds was compared using
a Poisson regression model adjusted for BMI, atopy, and parity,
with a robust option when data were overdispersed. Secondary
outcomes were cold severity (analyzed as panel data using Stata’s
xtreg with random effects and adjusted for baseline CCQ score,
BMI, atopy, and parity), impact of colds on asthma, and impact
of colds on pregnancy outcomes. We assessed the relationship
between PCR-positive colds in asthma and preeclampsia/pregnancy-
induced hypertension with logistic regression, adjusting for smok-
ing, parity, age, BMI, and multiple pregnancy. Receiver operator
curve (ROC) analyses were used to evaluate different diagnostic cut-
off levels for the CCQ score in PCR positive infections (e-Fig 3).
Kaplan-Meier survival estimates were used to investigate the time
to first cold (e-Fig 4).

RESULTS

Subject Characteristics

Two hundred eighty-five pregnant women were
recruited (168 with asthma, 117 control subjects)
(Fig 1). Pregnant women with asthma had significantly
higher BMI (P <.002), significantly worse lung function
(P<.05), and were more likely to have atopy (P<<.0001)
than control subjects (Table 1, e-Appendix 2, e-Table 2).

Frequency of Common Colds During Pregnancy

Pregnant women with asthma had more questionnaire-
detected common colds during pregnancy (71%) than
pregnant women without asthma (46%; P <.0001;
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ASTHMA GROUP

168 Pregnant women with
asthma recruited

157 Enrolled in MAP RCT and
prospective cohort study
11 Enrolled in prospective

cohort study only

32 withdrew during the study:

8 Personal reasons

7 unable to be randomised or
refused treatment changes in MAP
& did not wish to participate only in
cohort study

6 Refused sample collections

5 unable to contact

2 too busy

1 unwell

1 Antenatal care after hours or
elsewhere

1 Lived too far away for home visits
1 Termination of pregnancy (spina
bifida)

178 samples
collected for PCR

136 completed study to
delivery

95 followed-up postpartum

CONTROL GROUP

117 Pregnant women without
asthma recruited

117 Enrolled in prospective
cohort study only

20 withdrew during the study:
3 Personal reasons

1 Refused sample collections

1 unable to contact

——— 3too busy

3 unwell

8 Antenatal care after hours or
elsewhere

1 unknown

65 samples
collected for PCR

97 completed study to
delivery

77 followed-up postpartum

FIGURE 1. Recruitment, enrollment, and study completion. MAP = Managing Asthma in Pregnancy;

RCT = randomized controlled trial.

relative risk [RR], 1.83; 95% CI [1.39, 2.41]) (Table 2).
More women with asthma had multiple common colds
than women without asthma (33% vs 16%; P = .0028;
RR, 1.25; 95% CI [1.09, 1.42]). There were 223 com-
mon cold events in the asthma group and 83 in the
control group (e-Table 3). The rate of common cold
events adjusted for follow-up time, atopy, parity, and
maternal BMI was significantly higher in the asthma
group compared with the control group (Fig 2) (inci-
dence rate ratio [IRR], 1.77; 95% CI [1.30, 2.42];
P <.0001). The control group had the same propor-
tion of common colds detected in the second and third
trimesters, whereas the asthma group had significantly
more common colds detected in the second com-
pared with the third trimester (Table 2) (P <.0001),
despite longer follow-up times for the third trimester.
In addition to questionnaire-detected colds, women
with asthma also self-reported more colds prospec-
tively during pregnancy and retrospectively in early
pregnancy and post partum (e-Table 4).

Nasal and/or throat swab samples were collected
from 80% of common cold events (20% were not
collected because of refusal by the participant or
lack of a clinical visit at the time of the event), within
a median time from symptom onset of 3.5 days
(IQR, 3-7 days) in the control group and 4 days
(IQR, 2-7 days) in the asthma group (e-Table 5).
Thirty-one percent of women with asthma and 18.8%
of women without asthma had one or more PCR-
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positive colds during pregnancy (RR, 1.18; 95% CI
[1.03, 1.34], asthma vs control) (Fig 3, Table 3), but
this did not reach our significance level of P <.025
(P=.0305). There were 26 PCR-positive cold events in
the nonasthmatic control group and 60 PCR-positive
cold events in the asthma group (e-Table 5). There was
no significant difference in the rate of PCR-positive
colds between groups (adjusted for follow-up time,
atopy, parity, and maternal BMI; IRR, 1.18; 95% CI
[0.72, 1.94]; P=.505) (Table 3). The number of sec-
ond trimester PCR-positive colds was higher than the
number of third trimester colds in the asthma group
(P =.0442) but not in the control group (P = .4524)
(e-Table 5). In addition to questionnaire-detected
colds, women with asthma also self-reported more
colds prospectively during pregnancy and retrospec-
tively in early pregnancy and post partum (e-Table 4).

Severity of Common Colds During Pregnancy

The median total CCQ score was higher among
common cold events in the asthma group (median, 8;
IQR [5, 10]) compared with the control group (median, 6;
IQR [5, 8]) and was statistically significant when base-
line values were adjusted for (xtreg, coefficient 1.16;
95% CI1[0.11, 2.21]; P =.031) (e-Table 6). However, in
PCR-positive colds, the total CCQ score was not dif-
ferent between groups (e-Table 6) (xtreg, coefficient
0.86; 95% CI [—1.13, 2.85]; P = .397).
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Table 1—Subject Characteristics

Characteristic Control Group (n=117) Asthma Group (n = 168) P Value
Maternal age,*y 29.6 (4.6) 28.5 (5.6) .086
Range, 18-38 Range, 18-43
Gestational age at recruitment,»wk 16.6 (2.3) 16.9 (2.4) 193
Range, 12.6-21.3 Range, 11.7-21.9
Glfavidityb 2(1,2) 2(1,3) .010
Parity 1(0,1) 1(0,2) .016
Para O¢ 49 (41.9) 56 (33.3) 178
Maternal atopy* 51 (45.9) 115 (71.9) <.0001
n=111 n =160
Maternal BMIb 25.2 (22.8, 28.7) 27.7 (24.4,32.1) .0005
n=116 n=165
Smoking status
Nevere 66 (56.4) 80 (47.6)
Exc 32 (27.4) 52 (31.0)
Currente 18 (15.4) 35 (20.8) 245
Smoking pack-y» 3.0 (0.9, 6.0) 4.0(1.5,7.0) .070
Prebronchodilator spirometry n=117 n=142 ..
FEV,: 3.29 (0.42) 2.96 (0.52) <.0001
% Predicted FEV2 102.9 (11.1) 93.8 (14.6) <.0001
FVCh 3.93 (3. 52 4.24) 3.72 (3.34, 4.18) .030
% Predicted FVCP 107.6 (98.0, 116.2) 103.0 (74.5, 112.6) .037
n=116
No ICS treatmentd 120 (71.4)
ICS treatmentd 15 (8.9)
ICS/LABA treatmentd 33 (19.6)
ICS dose (among ICS users), BDP equivalents pg/d 800 (650, 1,000)
n=47
ACQ7 0.86 (0.29, 1.57)
Influenza vaccine for current season¢ 10 (8.5) 16 (9.5) 8407

Data were collected at the first study visit. ACQ7 = Asthma Control Questionnaire (7 item); BDP = beclomethasone dipropionate; ICS = inhaled

corticosteroid; IQR = interquartile range; LABA = long-acting B-agonist.

aMean (SD), Student ¢ test.

bMedian (IQR), Wilcoxon rank sum test.
No. (%), x? test.

4No. (%).

Impact of Colds on Asthma

One-third of the PCR-positive viral infections were
associated with exacerbation requiring medical inter-
vention and a further one-third with loss of control
(e-Tables 7, 8). Total CCQ score significantly correlated
with ACQ score (Spearman r=0.3187, P =.0131,
Spearman rank correlation) (e-Fig 5).

Among the subgroup of women with asthma partici-
pating in the MAP study, those randomized to frac-
tional exhaled nitric oxide-based management (n = 69)
were significantly less likely to report common colds
(63.8% vs 82.2%; RR, 0.492; 95% CI [0.274, 0.881])
or PCR-positive colds (23.2% vs 42.5%; RR, 0.749;
95% CI1[0.592, 0.948]) compared with those random-
ized to clinical guidelines-based management (n =173).

Impact of Colds on Neonatal Outcomes

In the control group, women with at least one
PCR-positive cold had babies of significantly lower
birth weight (P =.0274) and length (P = .0236) com-
pared with control subjects with PCR-negative colds

journal.publications.chestnet.org

(Table 4). Women with asthma with PCR-positive colds
had significantly increased odds of preeclampsia or
pregnancy-induced hypertension when adjusted for
known preeclampsia risk factors (maternal smoking,
age, BMI, parity, multiple pregnancy; OR, 8.48; 95% CI
[1.41, 51.11]; P<.02) (Table 4) compared with women
with asthma with PCR-negative colds.

Di1scuUssioN

Pregnant women with asthma have more common
colds during pregnancy than pregnant women with-
out asthma, both by self-report and questionnaire.
The severity of symptoms was higher in subjects with
asthma with common colds than control subjects, when
adjusted for baseline differences. Although PCR-
positive colds were of similar severity in the two groups,
virus-confirmed colds in subjects with asthma fre-
quently resulted in exacerbations and were associated
with perinatal effects.

Previous studies in nonpregnant adults with asthma
have suggested that subjects with asthma are no more
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Table 2—Frequency of Common Colds During Pregnancy

Cold Measures Control (n=117) Asthma (n = 168) Effect Size P Value
Subjects with =1 cold (probable by CCQ) during pregnancy? 54 (46) 120 (71.4) RR, 1.83;95% CI (1.39, 2.41) <.0001
Subjects with >1 common cold during pregnancy* 19 (16.2) 55 (32.7) RR, 1.25;95% CI (1.09, 1.42) .0028
No. of colds per person® 0(0,1) 1(0,2) <.0001
Range, 0-6 Range, 0-8
No. of common cold events/person-wke 0.067 IRR, 1.77; 95% CI (1.30, 2.42) <.0001
Cold events by season
Summerd 13 (15.7) 33 (14.8)
Autumnd 24 (28.9) 53 (23.8)
Winterd 26 (31.3) 75 (33.6)
Spring! 20 (24.1) 62 (27.8)

Seasons were Australian summer (December-February), autumn (March-May), winter (June-August), spring (September-November). CCQ = com-
mon cold questionnaire; IRR = incidence rate ratio; RR = relative risk. See Table 1 legend for expansion of other abbreviation.

aNo. (%), X2 test, RR.

bMedian (IQR), Mann-Whitney test.

<IRR, Poisson regression, adjusted for atopy, parity, and BMI.
iNo. (%).

susceptible to respiratory tract infections than subjects
without asthma.” The evidence in the present study
suggests that in pregnancy, women with asthma may
be more susceptible to common colds than women
without asthma but that cold symptoms associated
with PCR-positive colds are similar to those in women
without asthma. In a large prospective study, 14.4% of
women had a common cold during pregnancy, with
one-half of these colds medically recorded.!® The CCQ
we used identified more common colds than self-
report, and not all of these were virus-positive by lab-
oratory testing. The prospective nature of our study
likely contributed to a high rate of reporting of common
colds. It is possible that confounding by symptoms
of rhinitis may have contributed to a high proportion
of women with questionnaire-detected colds.
Common colds were more likely to occur in the
second trimester than the third trimester in the asthma
group only. Banhidy et al'é found that there was a lower
prevalence of the common cold in the eighth and
ninth months of pregnancy compared with the first

0.08 -

% P<0.0001
0.07
AAAAA
0.06 anl A
0.05 - AL A
Cold events A A
(per week) 0.04 - A A 4 Control
A
A AAAAA  Ansthma
003 ) aaha
0.02 A att
.02 4 A A A A
A
0.01 A A Al 4
AA
PVVS TVE L

12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Gestational age (weeks)

FIGURE 2. Cumulative common colds adjusted for total person-
weeks per group in the asthma (A) and control (A) groups over
the course of pregnancy (*incidence rate ratio, 1.77; 95% CI
[1.30, 2.42]).
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7 months; however, it was unclear if follow-up time
and early deliveries had been accounted for. Asthma
exacerbations also peak in the late second trimester.>!7
Further evidence is required to determine if this is
due to a pregnancy-specific rise in susceptibility to
infection.

One-third of PCR-positive colds were associated
with exacerbations requiring medical intervention. In
previous studies, 60% of cases with a positive virus
identification were associated with asthma exacer-
bation,'s whereas cold severity was predictive of sub-
sequent asthma worsening.” Viral infection is a
significant asthma trigger, possibly because of the
inflammatory pathways activated during infection.
Understanding the relationship between viral infection
and asthma? is important, as preventing viral infection
could also prevent exacerbations. We have evidence
that improved asthma management through fractional
exhaled nitric oxide monitoring is associated with a
reduction not only in exacerbations! but also in PCR-
positive viral infections.

Pregnant women with asthma who had PCR-positive
colds were more likely to have preeclampsia than

0.020
0.018 Y P=0.505

AL
0.016 AA
A
0.014 A
AA
0.012
Colds/person A AL
weeks  0.010 aA
0.008 AAAA Aars AAsthma
AA
0.006 A R
A AAAA

AAA‘ 4 Control

0.004 A
0.002

0000 AA+—FF—FFFF
12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Gestational age (weeks)

FIGURE 3. Cumulative polymerase chain reaction-positive colds
adjusted for total person-weeks per group in the asthma (A) and
control (A) groups over the course of pregnancy (incidence rate
ratio, 1.18; 95% CI [0.72, 1.94]).
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Table 3—Frequency of PCR-Positive Colds During Pregnancy

Cold Measures Control (n=117) Asthma (n = 168) Effect Size P Value
Subjects with =1 PCR-positive cold» 22 (18.8) 52 (31.0) RR, 1.18;95% CI (1.03, 1.34) .0305
Subjects with multiple PCR-positive cold events 3(2.6) 8 (4.8) 5254
PCR colds per person—weeksb 0.0108 0.0182 IRR, 1.18;95% CI (0.72, 1.94) 505
Influenza A¢ 1(3.4) 5(7.7)
Influenza Be 2(6.9) 3 (4.6)
Human RVe 13 (44.8) 25 (38.5)
Human EVe 1(3.4) 6(9.2)
CoVe 3(10.3) 9 (13.8)
RSV Ac 0(0) 1(1.5)
RSV Be 4(13.8) 1(1.5)
Human MPVe 5(17.2) 15 (23.1)
Total viruses detected 29 65
Multiple infection RV + MPV RV +EV
RSV B + MPV RV + CoV
RSV B + MPV CoV + MPV
RSVA + RV
FluA + MPV

CoV = coronavirus; EV = enterovirus; FIuA =influenza A; MPV = metapneumovirus; PCR = polymerase chain reaction; RSV = respiratory syncy-
tial virus; RV = rhinovirus. See Table 1 legend for expansion of other abbreviations.

aNo. (%), x* test, RR.

PIRR, Poisson regression adjusted for atopy, parity, and BMI.

eNo. (% of all viruses detected).

women without PCR-positive colds, consistent with
studies suggesting an association between maternal
infection (bacterial or viral) and the risk of preeclamp-
sia, possibly due to changes in the maternal immune sys-

tem.2! Pregnant women with asthma are at increased risk
of preeclampsia compared with pregnant women with-
out asthma.?>? No previous reports have linked asthma,
preeclampsia, and viral infection during pregnancy. It

Table 4—Impact of PCR-Positive Colds on Pregnancy Outcomes in the Control Group and the Asthma Group

Control Group Asthma Group
\ 1T
PCR— Colds PCR+ Colds PCR— Colds PCR+ Colds
(n =24 Pregnancies  (n =22 Pregnancies (n=53 Pregnancies,  (n=52 Pregnancies,
Pregnancy Outcomes and Babies) and Babies) P Value n =55 Babies) n =52 Babies) P Value
Gestational age,* wk 40.8 (39.7, 41.3) 39.9 (38.7, 41.0) 1555 39.9 (38.6, 40.5) 39.6 (38.4, 40.3) .6265
n=22 n=22 n=>54 n=>52
Preterm delivery of infant 0 of 22 3 0f 22 (13.6) 2316 9 of 54 (16.7) 40f52(7.7) 2661
(<37 completed wk)®
Birth weight,* g 3,600 (3,384, 3,885) 3,130 (2,790, 3,673)  .0274 3,520 (3,180, 3,875) 3,280 (3,010, 3,520)  .0605
n=22 n=22 n=>51 n=>51
Low birth weight (< 2,500 g)® 0of 22 4 0f 22 (18.2) 1157 50f 51 (9.8) 4 0f 51 (7.8) 727
Birth length,“ cm 52 (51.5, 53.5) 51 (49, 51.9) .0236 51 (49, 53) 50.5 (49, 52) 2622
n=15 n=18 n=45 n=44
Birth head 34.5 (33.5, 35.5) 34 (33, 35) 0974 34.5 (33.5, 35.4) 34 (33, 35) 3348
circumference,* cm n=21 n=20 n=>51 n=>51
Apgar at 1 min® 9(8,9) 8(8,9) 5328 9(7,9) 9(6,9) .8501
n=21 n=21 n=>50 n=>51
Apgar at 5 min® 9(9,9) 9(9,9) 5561 9(9,9) 9(9,9) 4819
n=22 n=22 n=>50 n=>51
Maternal preeclampsia® 0 1(4.5) 3177 0 6(11.5) .0355
Maternal pregnancy-induced 0 1(4.5) 3177 2(3.8) 5(9.6) 4338
hypertension®
Maternal gestational diabetes 0 0 2 (3.8 4(7.7) 6741
Still birth 0 0 1(1.9 0 3241
Neonatal intensive care 3(13.6) 2(9) 6348 8 (4.8 7(13.5) .8416
admission®
Congenital anomaly? 0 1(4.5) 3177 0 0
Note: Data not available on all infants due to delivery at other hospitals. See Table 1 and 3 legends for expansion of abbreviations.
sMedian (IQR) Wilcoxon rank sum test.
bNo. (%), x ? test.
journal.publications.chestnet.org CHEST /144 /2 / AUGUST 2013 425

Downloaded From: http://journal.publications.chestnet.org/ by a I nstituto Superiore di Sanit User on 12/12/2013


http://journal.publications.chestnet.org

is possible that inflammation associated with the
response to viral infection and/or asthma exacerba-
tion may contribute to the underlying endothelial dys-
function in preeclampsia.

There are limitations to our study. The CCQ is an
unvalidated tool, which limits the conclusions we
can make using this instrument, particularly since the
CCQ is not validated to distinguish between viral
infections and rhinitis. There was the possibility of
recall bias for colds assessed retrospectively, although
for the majority of pregnancy we collected data pro-
spectively. The pregnant women with asthma had
higher parity than pregnant women without asthma,
which might increase their exposure to virus infec-
tions from other children.202” However, we adjusted
for this as well as other confounders, such as atopy
and BMI (a known risk factor for exacerbations in
pregnancy?), when considering the rate of colds. Our
sample collection time was not ideal, with swabs col-
lected within a median of 3 to 4 days from symptom
worsening. We contacted women fortnightly by phone
and sent mobile phone text reminders every other
week to try to increase participation and offered home
visits during colds. The CCQ covers only 2 days of the
past 14, and since we did not administer it daily, it
is possible colds were missed. The number of PCR-
positive colds experienced by women with asthma,
when adjusted for follow-up time, was not signifi-
cantly different from the control group. This may be
due to a lack of power, since only a proportion of com-
mon colds were tested in the laboratory, or rhinitis-
like symptoms and cough may be amplified by asthma
or pregnancy themselves, resulting in more colds being
detected that were not true infections. Although we
found second trimester colds to be more frequent
than third trimester colds, it is possible that rhinitis
of pregnancy may have contributed to this finding.

CONCLUSIONS

Common colds were more frequently reported
among pregnant women with asthma compared with
women without asthma. They occurred more often in
the second trimester than the third, perhaps explain-
ing the greater exacerbation risk at this time. There
was an impact on maternal health, with one-third of
infections associated with exacerbations requiring med-
ical intervention. Prevention of respiratory viral infec-
tions may improve asthma outcomes during pregnancy.
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e-Appendix 1.
Methods:

Study design and participants

The majority (157/168, 93%) of the asthmatic women also commenced participation in the Managing Asthma in
Pregnancy (MAP) study, which was a randomised controlled trial comparing clinical guideline-based management
of asthma using symptoms and lung function, with the management of asthma guided by fractional exhaled nitric
oxide (FENO) '. The primary results of the RCT in non-smoking women have been previously published, along
with a secondary analysis 2. 69 of the participants in this study were randomised to the FENO based management
intervention of MAP, and 73 subjects to the clinical guidelines-based management intervention of the MAP RCT.
15 subjects commenced MAP but were not randomised. The remaining 11 subjects who did not participate in the
RCT were not eligible because they were recruited prior to commencement of the MAP study (n=8), or did not wish
to have their medications changed (n=2), or were excluded from the MAP study on the basis of exacerbation history

(more than 3 courses of OCS in the past year, n=1)..

Clinical measures
The study visit schedule is depicted in e-Figure 1.
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vV PC V PC V PC V PC V PC V PC V PC v
1 2 3 4 5 6 7
t months t 1
6 months
Recruitment Delivery postpartum

V = Clinic Visit, PC = Phone call

e-Figure 1. Cohort study visit structure for women with asthma and control women without asthma. Additional visits (at the

hospital or at home) occurred at any time between recruitment and delivery during common colds or asthma exacerbations.

Lung function (EasyOne Spirometer, NicheMedical, North Sydney, Australia) and FENO (ECOMEDICS,
Duernten, Switzerland, at a controlled flow rate of 50 ml/s) were measured at clinical assessments. Maternal height
and weight, asthma history and severity were assessed at the first visit , while smoking history, influenza vaccination
history, medication use (b,-agonists, inhaled (ICS) and oral corticosteroid (OCS) use and asthma self-management
skills (device technique, adherence and medications knowledge) were assessed at each clinic visit by direct
questioning using previously described methods ®. Details on parity, gravidity, marital status, ethnicity and neonatal

outcomes were obtained from the subject’s medical records.

Atopy was assessed by specific serum IgE against domestic animal mix (contains cat dander, dog dander, guinea pig
epithelium, rat and mouse), grass mix (contains Bermuda grass [Cynodon dactylon], Bahia grass, Johnson grass,
Kentucky blue grass [meadow grass], rye grass and timothy grass), house dust mix (contains D pteronyssinus, D

farinae, house dust and cockroach), mould mix (contains penicillum notatum, Cladosporium herbarium,
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Aspergillus fumigatus, Alternaria alternate) and weed mix (contains common ragweed, mugwort, plantain, ribwort,
goosefoot lamb’s quarters, prickly saltwort, russian thistle). Subjects were considered atopic if the specific IgE to
aeroallergen was 0-35 kUA/L or greater in venous blood. Exhaled carbon monoxide (ECO) was measured at

clinical visits using a piCO Smokerlyzer Breath CO Monitor (Bedfont, UK).

ICS use was expressed as mCS use was expressed as ECO) was measured at clinical visits using a piCO
Smokerlyzer = Breath CO  Monitor (Bel m S use was expressed as ECO) was
measureduticasone dipropionate. Some women used ICS in combination with long acting beta agonist (LABA) eith

er as budesonide/e-formoterol or fluticasone/salmeterol.

Loss of control was defined when women reported 3 or more of the following: daytime symptoms >2 days per
week, any activity limitation, any nocturnal symptoms, reliever medication use >2 times per week and peak

expiratory flow or FEV; <80% predicted.

Women were considered current smokers if they self-reported cigarette smoking, or had an elevated exhaled carbon
monoxide (ECO>10 ppm) and/or urinary cotinine (> level 5 / 2840 nmol/L, Nicalert, NYMOX, St-Laurent, QC,

Canada). ECO was measured at each clinical assessment, while urinary cotinine was measured at the second visit.

Nasal symptoms (blocked nose, runny nose, itchy nose or sneezing), gastric reflux symptoms (indigestion,
heartburn, burning feeling), cough and asthma symptoms (breathlessness, cough, wheeze, chest tightness) were also
assessed using a visual analogue scale (VAS) 10 cm in length, with subjects asked to mark how bothersome their

symptoms were from Ocm (not at all bothersome) to 10cm (extremely bothersome).

Online supplements are not copyedited prior to posting. 3
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The CCQ is not a validated questionnaire. We have calculated the positive predictive value (PPV) and negative
predictive value (NPV) of the CCQ for detecting PCR positive respiratory viral infections in pregnancy using 219
data points. The PPV among pregnant women with asthma was 36.8%, and the NPV was 84.4%. Using 86 data
points, the PPV among pregnant women without asthma was 40%, while the NPV was 61.3%, giving an overall
PPV of 37.6% and NPV of 76.8%. Receiver Operator Curves were constructed (e-Figure 3), but these did not allow
a CCQ total score cut-off which was associated with PCR positive infection to be determined. The CCQ has good

negative predictive value, and is therefore useful in identifying when infections are unlikely to be present.

| COMMON COLD QUESTIONNAIRE
In the past 2 days, have you experienced any of the following:

None Mild Moderate Severe

Category 1: General Symptoms
Fevers []o 1 []2 [ 13
Chills  []o (1 [12 [13
Muscle Pains Lo L1 (12 13

Category 2: Nasal Symptoms
Watery Eyes Lo ) 12 13
Runny Nose Lo [ 12 13
Sneezing Lo L1 (12 13

Category 3: Throat Symptoms
Sore Throat Lo L1 (12 13

Category 4: Chest Symptoms
Cough []o 11 []2 [ 13
Chest Pain [0 [ 11 [ 12 [ 13

e-Figure 2. Common cold questionnaire
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Asthma First CCQ score Control First CCQ score
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0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8
1 - Specificity 1 - Specificity

e-Figure 3. Receiver Operator Curves (ROC) of total common cold questionnaire score and virus result

Respiratory Virus PCR testing

Nasal and throat swabs were collected from women with suspected respiratory viral infection, and viruses identified
using real-time quantitative polymerase chain reaction (PCR) using previously described methods *. Swab buds were
immersed in buffer RLT and stored at -80°C for up to 7 days. Total RNA was extracted and purified using RNeasy
RNA mini kit and QIAshredder protocols according to the manufacturer’s instructions (Qiagen, Hilden, Germany).

RNA was reverse transcribed to cDNA using the high capacity cDNA reverse transcription kit (Applied Biosystems,
Online supplements are not copyedited prior to posting. 5
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Foster City, USA). cDNA from the swabs was used to determine the presence of rhinovirus, enterovirus, respiratory
syncytial virus (RSVA and RSVB), influenza A and B, coronavirus and human metapneumovirus. PCR primers and
probes were combined with 5 Prime MasterMix (5 Prime Inc, Hamburg, Germany) as per the manufacturer’s

instructions in singleplex real-time PCRs (7500 Real Time PCR System, Applied Biosystems).

Statistical methods

In order to detect a significantly higher rate of viral infection among pregnant women with asthma (35% °)
compared to pregnant women without asthma (10% ©), at a power of 0.9 and a, at a power of 0.9 and
Cite><Author>Corne</Author><Year>2002</Year><RecNum>4510</RecNum><Disp’). In order to allow for
drop-outs, we aimed to recruit 70 women per group. However, we recruited more asthmatic women than this

because we were recruiting for other studies in tandem "%,

We analysed the time to first common cold and first PCR positive cold with Kaplan-Meier plots, with analysis of

instantaneous risk described with a Cox proportional hazards model.

CCQ scores were recorded at the first non-cold event (visit or phone call) in order to obtain a baseline for future
comparison. Women with asthma had an elevated baseline CCQ score compared to women without asthma due to
overlapping symptoms such as sneezing and cough (e-Table 1). At baseline, CCQ scores were significantly different

between the asthma and control groups for domains 1, 2 and 4 (e-Table 1).
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e-Table 1. Baseline CCQ data

Baseline CCQ

Fevers

Chills
Muscle pains
Domain 1
Watery eyes
Runny nose
Sneezing
Domain 2

Sore throat (Domain
3)

Cough
Chest pain
Domain 4

Total score

Control
n=116

0 (0,0) range 0-1
0(0,0)

0 (0,0) range 0-2
0 (0,0) range 0-2
0 (0,0) range 0-1
0 (0,0) range 0-2
0 (0,1) range 0-2
0(0,1) range 0-4

0 (0,0) range 0-2

0 (0,0) range 0-1
0 (0,0) range 0-2
0 (0,0) range 0-3

0 (0, 3) range 0-9

Asthma
n=162

0 (0,0) range 0-1
0(0,0)

0 (0,0) range 0-2
0 (0,0) range 0-2
0 (0,0) range 0-3
0(0,1) range 0-3
0(0,1) range 0-3
1 (0, 2) range 0-9

0 (0,0) range 0-2

0(0,1) range 0-3
0 (0,0) range 0-1
0(0,1) range 0-3

3 (0, 6) range 0-20

Data is median (IQR), range. Analysis by Wilcoxon ranksum test

Results:

Subject characteristics (e-Table 2)

Study participation ended with delivery in the majority of subjects. Completing the study to delivery were 97 control

women and 136 asthmatic women. Data from all women commencing the cohort study were included, with

adjustments made for follow-up times in each group.

P value

0.821

0.017

0.039

<0.0001

0.0005

0.002

0.0001

0.568

0.0005

0.040

0.0001

0.0001
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There were no differences between the groups in gestational age at recruitment, number of weeks of follow-up,
height, marital status, ethnicity, smoking status, or season of recruitment or study end (P>0.05, e-Table 2). 8.5% of
control women and 9.5% of asthmatic women were vaccinated against influenza during the current influenza

season.

e-Table 2. Subject characteristics

Control (n=117) Asthma (n=168) P value
Number of weeks in study* 22.1(19.9, 24.9) 22.0(18.1, 24.1) P=0.156
Maternal height (cm)t 165.6 (161, 170) 164 (160, 169.2) P=0.178
n=116 n=165
P=0.002
Maternal weight (kg, Visit 69 (63, 79) 76 (65.9, 88)
1)* n=165
Number of children living 1(0,1) 1(0,2) P=0.076
at home
Range 0-3 Range 0-4
n=57 n=120
Marital status:f
P=0.094
Married 66 (61.1%) 77 (47.8%)

Lives with partner

28 (25.9%)

53 (32.9%)

Single 14 (13.0%) 31 (19.3%)
Ethnicity:}
P=0.302
Caucasian 103 (92.0%) 154 (92.8%)
Aboriginal/Torres Strait 3 (2.7%) 8 (4.8%)
Islander
Online supplements are not copyedited prior to posting. 8
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Other

Number of study visits*

Number of phone contacts*

Post-bronchodilator
spirometry:

FEV,
% predicted FEV,
FvC
% predicted FVC

ICS treatment

ICS/LABA treatment

Season of recruitment:}

Summer
Autumn

Winter

6 (5.4%)

6(5,7)
Range 1-10

Total study visits = 625

6 (4, 7)

Total calls = 608

29 (24.8%)
30 (25.6%)

24 (20.5%)

4 (2.4%)

6(5,7)
Range 1-10

Total study visits = 955
5(4, 6)

Total calls = 832
n=110

3.08 (2.75, 3.38)

97.8 (88.7,105.9)

3.77 (3.34, 4.15)
103.5(93.6, 113.4)

15 (8.9%)
10 budesonide

5 fluticasone

33 (19.6%)
14 budesonide/eformoerol

19 fluticasone/salmeterol

25 (14.9%)
42 (25%)

55 (32.7%)

Online supplements are not copyedited prior to posting.
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Spring 24 (29.1%) 46 (27.4%)
Season at study end:}
P=0.133
Summer 26 (22.2) 59 (35.1)
Autumn 28 (23.9) 35 (20.8)
Winter 32 (27.4) 36 (21.4)
Spring 31 (26.5) 38 (22.6)
In study for 3 months of 19 (16.2%) 25 (14.9%) P=0.677
winterf

* median (IQR), Wilcoxon ranksum test, Tmean (sd), Student’s t-test, 'n(%), Chi? test.
Seasons were Australian summer (December — February), autumn (March - May), winter (June - August), spring
(September — November).

Time to first common cold and first PCR positive cold

We investigated differences in the time to first cold with Kaplan-Meier survival estimates (e-Figure 4). For common
colds, the asthma group had a significantly shorter period of study before having their first common cold (hazards
ratio 2.27 (1.64, 3.14), P<0.0001), but there was no difference between the groups in the time to first PCR positive

cold (hazards ratio 1.14 (0.69,
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1.88), P=0.604).

e-Figure 4: Kaplan-Meier survival curves for common colds (A) and PCR positive colds (B). Days represents days since study

entry.

Frequency of common colds

Approximately 71% of common colds were also considered colds by self-report. Self-reported colds were more likely

to be reported by pregnant women with asthma compared to pregnant women without asthma (P<0.0001, relative

risk [RR] 1.57, 95% confidence interval [CI] [1.24, 1.98]), and the rate was significantly higher when adjusted for

follow-up time, atopy, parity and maternal BMI (incidence rate ratio [IRR] 1.66, 95% CI [1.21, 2.29], P=0.002).
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e-Table 3. Frequency of common colds during pregnancy

Number of cold events

Total person weeks

Number of colds in the 2™
trimester (13-27 weeks)

Number of colds in the 3™
trimester (27-41 weeks)

2™ Trimester colds/person*

3" Trimester colds/person*

Person weeks in 2™
trimester*®

Person weeks in 3™ trimester*

Number of 2™ trimester colds
occurring in winter

Number of 3™ trimester colds
occurring in winter

Control (n=117)
83

2397

(46.1 subject years)
43

(52%)

40

(48%)

0(,1)

0(@,1)

P=0.9211

10.4 (8.7, 12.4)

12.6 (11.3,13.9)

P=0.0787

13

(30.2%)

13

(32.5%)

Asthma (n=168)
223

3305

(63.6 subject years)
145

(65%)

74

(33%)

1(0,1)

0(,1)

P<0.0001

10.1 (8.3, 12.0)

12.3 (9.9, 13.3)
P=0.0215

49

(33.8%)

25

(33.8 %)

* 2™ trimester vs 3™ trimester: Wilcoxon matched-pairs signed-rank test
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e-Table 5. Frequency of PCR positive colds during pregnancy

Control Asthma P value
(n=117) (n=168)

Common colds tested by PCR of nasal and/or 65 178

throat swabs
(78.3%) (79.8%)

Number of PCR positive colds 26 60

Average time since cold worsened at sample 3.5(3, 7) days 4 (2, 7) days P=0.8103
collection (individual)*

Samples collected within 1-2 days of cold 17/65 28/178
worsening
(26.2%) (15.7%)
PCR Positive Cold Events 26 60
PCR+ Cold detected in Nasal Swab 7 (27%) 22 (37%)
PCR+ Cold detected in Throat Swab 10 (38.5%) 20 (33%)
PCR+ Cold detected in both Nasal and Throat 9 (34.6%) 18 (30%)
Swab
PCR Positive colds in 2™ Trimester 15 37
(57.7%) (62.7%)
PCR Positive colds in 3™ Trimester 11 22
(42.3%) (37.3%)
P =0.4524 (2™ P=0.0442 (2™
vs 3¢ vs 3¢
Trimester) Trimester)
PCR+ Colds by Season:
Summer 5(19.2%) 6 (10%)
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Autumn 8 (30.8%) 15 (25%)
Winter 9 (34.6%) 22 (36.7%)
Spring 4 (15.4%) 17 (28.3%)

Data is n(%) unless stated. *median (IQR), Mann Whitney test
Seasons were Australian summer (December — February), autumn (March - May), winter (June - August), spring
(September — November).

Rhinovirus was the most commonly detected virus in the asthma (38.5% of viruses) and control (44.8% of viruses)
groups, followed by metapneumovirus (manuscript Table 3). The odds of having rhinovirus detected was 0.89 (0.33,

2.42 (Odds Ratio (95% CI), p=0.82) in the asthma group compared to the control group.

There were significantly more asthmatic women with retrospectively self-reported colds in the first and second
trimester (62%) compared to women without asthma (41%, P=0.0006, RR 1.53, 95% CI [1.19, 1.96], e-Table 5).
Women with asthma reported more colds than women without asthma (P=0.0002, Mann Whitney test), and the
rate of colds was significantly increased among women with asthma when adjusted for follow-up time, atopy, parity
and maternal BMI (IRR 1.64, 95% CI [1.16, 2.32], P=0.005). Similarly, among women followed postpartum (e-
Table 5), those with asthma were more likely to retrospectively self-report postpartum colds (67%) compared to
women without asthma (43%, P=0.0021, RR 1.57, 95% CI [1.17, 2.11]) and the number of colds reported was

significantly greater (P=0.0034, Mann Whitney test).
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e-Table 4. Frequency of retrospectively reported colds in early pregnancy (A), and postpartum (B)

(A) Early
pregnancy

Subjects with self-
reported colds since
pregnant *

Follow-up time
(weeks) T

Number of colds
since pregnant T

Total colds since
pregnant

Total colds per
person weeks I

(B) Postpartum

Subjects with 1 or
more self-reported

colds since delivery
*

Follow-up time
(weeks since
delivery) T

Number of colds
since delivery

(among whole

©2013 American College of Chest Physicians. Reproduction of this article is prohibited without written permission

Control
(n=116)
47

(40.5%)

14.6 (12.6, 16.3)

0(,1)

Range 0-2
n=114

50

50/1696

0.0295

Control group
(n=77)
33

(43%)

27.0 (25.7, 28.6)

Range 22.7-34.9

0(0, 1)

Range 0-3

Online supplements are not copyedited prior to posting.

Asthma
(n=168)
104

(61.9%)

14.9 (13.0, 16.8)

1(0,1)

Range 0-4
n=165

137

137/2506

0.0547
Asthma group
(n=95)

64

(67%)

27.5 (25.9, 29.0)

Range 22.1 -
40.7

1(0, 2)

Range 0-5

Effect size

RR 1.528, 95% CI
(1.189, 1.963)

IRR 1.64, 95% CI
(1.16, 2.32)

Effect size

Relative Risk
1.57, 95% CI
(1.17, 2.11)

P Value

P=0.0006

P=0.225

P=0.0002

P<0.005

P Value

P=0.0021

P=0.2934

P=0.0034
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group) T
Total colds since 48 103
delivery
IRR 1.71,95% CI P<0.004
Total colds per 48/2098 103/2634 (1.19, 2.46)

person weeks I
0.0229 0.0391

Data are median (IQR) unless stated. * n (%), Chi? test, T median (IQR), Mann Whitney test, I Poisson regression

adjusted for atopy, parity and BMI.

Severity of common colds

e-Table 6. Severity of Common Cold Events (A) and PCR Positive Cold Events (B)

(A) Common cold events Control
(n=83 events)

CCQ Fevers 0(0, 0)
CCQ Chills 0(0,0)
CCQ Muscle Pains 0,1
CCQ Watery Eyes 0,1
CCQ Runny Nose 1(1,2)
CCQ Sneezing 1(1,2)
CCQ Sore Throat 1(1,2)
CCQ Cough 1(1,2)
CCQ Chest Pain 0(0,0)
CCQ Total Score * 6 (5, 8)
Range 3-22

CCQ Total Score >=10 13 (15.7%)

Asthma P value
(n=223 events)

0 (0, 0)
0 (0, 0)
00, 1)
0.5(0, 1)
2(1,2)
1(1,2)
1(0,2)
2(1,2)
00, 1)

P=0.031
8 (5, 10)

Range 3-22

63 (28.3%)
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(B) PCR positive colds

events Control (n=26 Asthma (n=60 P value
events) events)

Fevers 00, 0.8) 0 (0, 0)

Chills 0(0,0) 0(0,0)

Muscle Pains 0(,1) 0(,1)

Watery Eyes 00, 1.8) 0.5(0,2)

Runny Nose 2(1,2) 2(1,2)

Sneezing 1(1,2) 1(1,2)

Sore Throat 1(1,2) 1(1,2)

Cough 1(1,2) 2(1,2.3)

Chest Pain 0(0,0) 0,1

Total CCQ Score * 7(5,9.8) 7.5(5,12) P=0.397

Total CCQ Score >=10 7 (26.9%) 19 (31.7%)

Data is median (IQR) or n(%). * xt reg, adjusted for baseline CCQ total score, atopy, parity and BMI
CCQ: common cold questionnaire

Impact of colds on asthma

Among pregnant women with asthma there were 60 PCR positive respiratory viral infections. One third of these
events were associated with exacerbation requiring medical intervention (hospital admission 5% of exacerbations,
emergency department presentation 10% of exacerbations, and unscheduled doctor’s visit 85% of exacerbations,
with oral steroid use in 40% of exacerbations) and a further one third with mild exacerbation/loss of control. The
total CCQ score significantly correlated with ACQ score (Spearman r = 0.3187, P=0.0131, Spearman rank

correlation, e-Figure 5). During 62% of PCR positive cold events, the asthmatic woman had uncontrolled asthma
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(ACQ > 1.5), with the median ACQ score being 1.8 (1, 2.3). In 50% of events, women used ICS, or ICS/LABA

combination therapy, with a median dose of 800 ug/day (IQR 343, 1000, adjusted for self-reported non-adherence).

Among 49 asthmatic women who had a PCR positive cold and a corresponding baseline clinic visit (first non-cold
event), the impact of viral infection on asthma was assessed (e-Table 7). There were significantly more
exacerbations during PCR positive colds, more uncontrolled asthma, significantly higher ACQ scores and greater
symptom burden than during the baseline period. Pre-bronchodilator lung function was significantly lower during
PCR positive colds than at baseline for FEV; and FVC (e-Table 7). Among 20 control women with a PCR positive
cold and a corresponding baseline clinic visit, there was no difference in lung function, but a higher FENO during
PCR positive colds (16.2 [12.1, 21.0] vs 6.7 [5.7, 12.0], n=14, Wilcoxon matched-pairs signed-ranks test, P=0.042).
PCR positive colds with asthma exacerbation were no more severe (assessed by total CCQ score) than PCR positive
colds without asthma exacerbation (xtreg, coefficient 1.42, 95% CI [-1.09, 3.93], P=0.268, e-Table 8). However,

PCR positive colds did result in an increase in asthma symptoms, assessed by the ACQ (e-Table 7).

5.0
4.5 - ] ]
4.0 -
3.5
3.0
ACQ7 , ¢ |
2.0 -
1.5
1.0
0.5 -
0.0

0 25

Total CCQ

e-Figure 5. Relationship between ACQ score and total CCQ score during PCR positive colds in pregnant women with asthma
(Spearman rank correlation r=0.3187, P=0.0131).
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e-Table 7. Impact of PCR positive colds on asthma
Baseline: no cold
(n=49)

Gestational age *
Exacerbation events at clinic visit

Any moderate/severe
exacerbationf

Hospital admissiont
ED/Labour Ward visitf
Unscheduled GP visitf

Unscheduled Research study Dr
visit T

OCS uset

Virus infection as self-reported
trigger of exacerbation}

Loss of asthma control during
probable coldst

ACQ?7 at clinic visit

Well controlled asthma
(ACQ7<0.75) t

Partially controlled asthma
(ACQ70.75-1.5)

Uncontrolled asthma (ACQ7
>1.5)1

Total ACQ7 Score *

ACQ Question 1 (night waking)
*

©2013 American College of Chest Physicians. Reproduction of this article is prohibited without written permission

19 (17, 23)

2 (4.1%)

1(2%)

1 (2%)

14 (28.6%)

15 (30.6%)

23 (46.9%)

11 (22.4%)

0.9 (0.4, 1.4)

0(0, 1)

First PCR+ Cold
(n=49)

22.4 (18.7, 28.9)

17 (34.7%)

2 (4.1%)
5 (10.2%)

10 (20.4%)

5 (10.2%)

12 (70.6% of
exacerbations)

15 (30.6%)

9 (18.4%)

11 (22.4%)

29 (59.2%)

1.7 (1.0, 2.0)

2 (0, 3)

P value

0.0078

0.003

0.4750

0.2062
0.0105

0.0663

0.8249

0.2402

0.0196

0.0005

<0.0001

<0.0001
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ACQ Question 2 (morning
symptoms) *

ACQ Question 3 (activity
limitation) *

ACQ Question 4 (shortness of
breath) *

ACQ Question 5 (wheeze) *

ACQ Question 6 (bronchodilator
use) *

ACQ Question 7 (lung function)
*

Lung function (pre-
bronchodilator)

FEV i

FVCt

FEV:FVCi{

% predicted FEV i
% predicted FVCi{

Lung function (post-
bronchodilator) n=35

FEV.i
FVC
FEV,:FVC}

% predicted FEV i

©2013 American College of Chest Physicians. Reproduction of this article is prohibited without written permission

1(0, 2)

0(0, 1)

2(0, 2)

1(0, 2)

10, 1)

0 (0, 2)

n=37

3.05 (0.63)
3.84 (0.72)
0.80 (0.09)
97.9 (15.5)

107.8 (16.7)
n=29

3.15(0.58)
3.86 (0.63)
0.82 (0.08)

102.6 (14.8)

21, 3)

1(0, 2)

21, 3)

2 (0, 3)

1(1, 3)

0 (0, 2)

n=26

2.93 (0.60)
3.74 (0.71)
0.78 (0.09)
91.7 (15.2)

102.3 (17.5)
n=27

2.92 (0.61)
3.66 (0.69)
0.80 (0.08)

93.2 (16.4)

0.0005

0.001

0.0191

0.0012

0.0062

0.0634

19 pairs

0.0242
0.0442
0.132

0.0241
0.0475

16 pairs

0.7059
0.4707
0.9623

0.4544
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% predicted FVCi{

FENO (ppb) *

ECO (ppm) *

Current Treatment

Beta agonist use (days/week) *
Beta agonist use (times/week) *

ICS use (either ICS alone or
ICS/LABA) T

ICS/LABA use}

ICS (BDP equivalent dose)
ug/day (among users) *

ICS (BDP equivalent dose)
ug/day (among users) adjusted
for self-reported adherence*

Symptom Burden

Night symptoms (days per week)
*

Morning symptoms (days per
week) *

Activity limitation (days per
week) *

Symptom free days (per week) *
Nasal VAS *

Reflux VAS *

©2013 American College of Chest Physicians. Reproduction of this article is prohibited without written permission

109.7 (15.0)

8.2(4.9,18.2)
n=47

2(2,4.8) n=42

2 (0, 6)
2(0, 7)

22 (44.9%)

14 (28.6%)

400 (400, 950)

343 (132, 636)

0 (0, 2)

1(0, 3)

0 (0, 0)

5(0, 7)
2.4(1, 4.8)

1.1(0.05, 3.4)

101.8 (16.1)
9.5(5.7,17.8)
n=46

2(1, 3)yn=42
41,7

6 (1, 14)

21 (42.9%)

11 (22.4%)

800 (400, 1600)

686 (400, 800)

21, 5)

3(2,6)

1(0, 3)

1(0, 5)
5.6 (3, 7.6)

2.7(0.6, 5.4)

0.2439

0.9807 (43
pairs)

0.7812 (25
pairs)

0.0821
0.0823

0.8387

0.6430

0.084

0.3054

0.0012

0.0044

0.0055

0.0367
<0.0001

0.0113
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<0.0001
Cough VAS * 0.7 (0.1, 2.1) 5.6 (3.5, 6.8) n=32

0.0005
Asthma VAS* 2.6(0.7,4.3) 5(2.7,7.3)

* median (IQR), Wilcoxon matched-pairs signed-ranks test, T n (%) Chi’ test, mean (SD) paired t test.

ED: emergency department, ACQ?7: 7-item asthma control questionnaire, FEV1: forced expiratory volume at 1
second, FVC: forced vital capacity, FENO: fractional exhaled nitric oxide, ICS: inhaled corticosteroid, LABA: long
acting beta agonist, BDP: beclomethasone dipropionate, ECO: exhaled carbon monoxide, VAS: visual analogue
scale.

e-Table 8. Severity of PCR positive colds with and without asthma exacerbation

ASTHMA GROUP
PCR+ COLDS No exacerbation Exacerbation P value
(n=40) (n=20)
Fevers 0(0,0) 0,1
Chills 0(0,0) 0(0, 0.25)
Muscle Pains 0,1 1(0, 1.25)
Watery Eyes 1(0,2) 0(0, 1.25)
Runny Nose 2(1,2) 2 (0.75, 3)
Sneezing 2(1,2) 1(0,2)
Sore Throat 1(0.75, 2) 2 (1, 2.25)
Cough 2(1,2) 2(2,3)
Chest Pain 0,1 0,1
Total CCQ Score* 7.5 (5.8, 10) 7.5(5,15.3) P=0.268
Total CCQ Score >=10 11 (27.5%) 8 (40%)
ACQ1 (Night) 1(0, 3) 2(1,3.3)
ACQ2 (Morning) 2(1,3) 2(2,3)
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ACQ3 (Activity) 0(0, 2) 2(1,3)
ACQ4 (SOB) 2(1,3) 3(2,4)
ACQS5 (Wheeze) 2(0, 3) 3(2,3.3)
ACQ6 (Bronchodilator) 1.5(0, 2.3) 1.5(1, 3)
ACQ7 (lung function) 1(0,2.3) 1(0,2.5)
ACQ7 Average 1.4 (0.8, 2.0) 2.0(1.7,2.8)

Data is median (IQR) or n(%). * xt reg with adjustment for atopy, parity, BMI and baseline CCQ total score
CCQ: common cold questionnaire, ACQ: asthma control questionnaire

Impact of common colds on neonatal outcomes

In the control group, having one or more common colds during pregnancy did not have a major effect on pregnancy
outcomes, with the exception of a higher rate of neonatal hospitalisations among those with common colds (13%)
compared to those without common colds in pregnancy (1.6%, P=0.0391, Chi square test). Among asthmatic
mothers, there was significantly reduced birth length among neonates from asthmatic mothers who had common
colds during pregnancy, compared to those who did not (P=0.016, Wilcoxon rank-sum test), although this group
also had 3 multiple births, compared to only one in the no cold group. There was also no difference in gestational

age, birth weight or head circumference, or the rates of preterm delivery or low birth weight (P>0.05).
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