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A serologic study with simultaneous self-administered
questionnaire regarding infection control (IC) practices and other
risks of influenza A (HIN1) pdm09 (2009 HIN1) infection was
performed approximately 1 month after the first outbreak among
frontline healthcare professionals (HCPs). Of 256 HCPs, 33 (13%)
were infected. Self-reported adherence to IC practices in >90% of
exposure events was 82:1%, 73-8%, and 53:5% for use of hand
hygiene, masks, and gloves, respectively. Visiting crowded public

places during the outbreak was associated with acquiring infection
(OR 3-1, P = 0-019). Amongst nurses, exposure to HCPs with
influenza-like illness during the outbreak without wearing a mask
was the only identified risk factor for infection (OR = 23,

P = 0-039).
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Introduction

The outbreak of influenza A (HIN1) pdm09 (2009 HINT)
pandemic in Thailand started in early June, peaked around
July to August, and waned in September.! Healthcare pro-
fessionals (HCPs) are at risk of exposure to infection from
the community as well as in the workplace. However, they
also have the greatest access to personal protective equip-
ment (PPE) and are likely to receive the annual seasonal
vaccine that may provide some protection against 2009
HINI1 infection.” The 2009 H1Nloutbreak was an opportu-
nity to evaluate the effectiveness of infection control (IC)
practices in HCPs.

We conducted a serologic study of 2009 H1Nlinfection
among frontline HCPs who were involved in the care of
2009 HIN1 patients during the first outbreak in two large
public hospitals in Bangkok, Thailand. The aim of the
study was to understand the magnitude of acquisition of
infections among HCPs in relation to self-reported IC

practices and the factors associated with infection during
the outbreak. This information may be useful for future
outbreak control and vaccination strategies.

Methods

HCPs who worked during the peak of the 2009 HINI1 out-
break (June—August, 2009) on the wards that cared for
patients with influenza and at emergency rooms of Siriraj
Hospital and Thammasat Hospital, two large public tertiary
care centers in Bangkok, were randomly invited to partici-
pate in the study. These two hospitals served adults and
children patients. The wards at which the HCPs in this
study were working were 3 ERs, four pediatric wards, three
adult wards, and three intensive care units. Immunocom-
promised patients were being cared for in some of the
wards participating the study. Approximately, a third of
HCPs in each of these wards were invited and 97%
accepted. The study was conducted from October 1 to 19,

© 2012 Blackwell Publishing Ltd

359 |



[ Chokephaibulkit et al.

2009, approximately 1 month after the end of the outbreak.
An anonymous self-administered questionnaire was admin-
istered prior to a single blood draw for assessment of hem-
agglutination inhibition (HI) titer. The questionnaire
consisted of demographic information, medical history,
and factors that may be associated with community-
acquired and occupational-acquired influenza. Adherence
to hand hygiene (alcohol-based hand rub and/or hand
washing with water) and using mask and gloves when in
contact (defined as having activities or procedures that
potentially resulted in contact or droplet transmission) with
patients with suspected 2009 HIN1 were categorized as:
every time or >90-100%, mostly or 70-90%, and <60%,
respectively. The wards were classified as isolation wards
(1-three patients in a room, PPE practice for airborne and
contact precautions when entering the patients’ room),
semi-open ward (share up to 12 patients in a room, PPE
practice for airborne and contact precaution when entering
patients’ area), and open ward or emergency room (large
ward hold up to 24 beds or walk-in patients, PPE practice
for contact and droplet precaution as needed). There
was no verification of the accuracy of responses in the
questionnaire.

HI assay was performed using the protocol previously
described.>® We defined an HI titer =40 as seropositive
and a marker of acquiring recent infection assuming
that none of the HCPs had been infected with the 2009
HINT virus prior to the outbreak and that pre-existing HI
antibody to 2009 HIN1 was uncommon.

Statistical analysis

Descriptive analysis was performed on the demographic
and other variables associated with risk of influenza infec-
tion. Univariate analysis was performed using a binomial
test. Multiple logistic regression analysis was used for mul-
tivariate analysis of self-reported factors including the IC
practices associated with an HI titer >40. Stata (Version
9.2, College Station, TX, USA) was used for the data analysis.

Results

There were 256 HCPs, 93% female, who participated in
this study. The median (range) age was 34 (20—61) years.
The majority (81:3%) were nurses and nurse assistants. Of
the 198 HCPs working in specific wards, 72 (36:4%) were
working in isolation wards, 57 (28-:8%) in semi-open
wards, and 69 (34:8%) in open wards or emergency rooms.
The majority (82%) had received seasonal influenza vac-
cines (Southern Hemisphere strain 2008) between April
2008 and May 2009, at least 1-2 months before the out-
break started. Adherence to IC practices in >90% of the
exposure events when in contact with patients with sus-
pected 2009 HINI infection was 82:1%, 73:8%, and 53:5%

with hand hygiene, using a mask, and using gloves, respec-
tively. One hundred and twenty (47-1%) HCPs reported a
history of respiratory tract infection (RTI) during the out-
break.

Thirty-three (13%) HCPs had a serum HI titer 240 sug-
gesting acquisition of 2009 HINI infection during the out-
break. The proportions seropositive in HCPs aged <25, 25—
49, and 2>50 years were 20:9%, 12:9%, and 2-8%, respec-
tively. HCPs with a history of RTI during the outbreak
tended to have a higher proportion seropositive than those
who had no history of RTI (16:7% versus 8:9%, P = 0-06).
The proportions seropositive among nurses and nurse
assistants in different patient care areas were not different:
12:5% versus 19-3% versus 11-6% (P = 0-411) in isolation,
semi-open, and open wards, respectively.

The univariate analysis revealed that a younger age
(<25 years) and visiting crowded public places during the
outbreak were associated with acquiring infection. In mul-
tivariate analysis, the only risk factor was visiting crowded
public places during the outbreak (odds ratio = 3-1, 95%
CI = 1-2-8:1, P = 0-019, Table 1). The rates of adherence to
IC practices were not associated with acquisition of infec-
tion. The HCPs with adherence to hand hygiene and mask
use at 70-90% of exposure events had a similar rate of
infection to those with adherence >90-100%. In a sub-
group analysis of 198 nurses and nurse assistants, there was
a weak association between acquisition of 2009 HINI1
infection and close contact with HCPs with influenza-like
illness (ILI) during the outbreak without wearing a mask
(odds ratio = 2-3, 95% CI 0-9-56, P = 0-039).

Discussion

This study revealed a rate of 2009 HINI infection among
frontline HCPs of 13%, indicated by a serum HI titer >40,
after the first outbreak in Bangkok. This result was consis-
tent with a previous report of 18% of HCPs in a large hos-
pital in Bangkok who became sick with the 2009 HINI
infection during the same outbreak,” and higher than the
7% reported among healthy blood donors in Bangkok
around the same period of this study,® suggesting that
HCPs had a higher risk of getting 2009 HIN1 infection
than the general population.

A report of the 2009 HINI1 outbreak in England found
that 42%, 20%, and 6% of the general population age 5-14,
15-24, and 25-44 years in London and West Midlands had
an HI titer against 2009 HINI of >32.” This evidence of
higher prevalence in a younger age group correlated well
with a large study of the 2009 HINI1 outbreak in the US
in which 40% and 35% of the patients were in the age
groups 10-18 and 19-50 years, respectively, and only 5%
occurred at age >50 years.® This age bias was probably due
to the increased number of social or institutional gathering
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Table 1. Factors associated with serologic evidence of recent infection defined by hemagglutination inhibition (HI) titer >40

Self-report infection control for 2009 H1N1 in HCP |

No. (%) Crude Adjusted
Cases with  No. (%)Cases  odds ratio odds ratio
Characteristics No. (%) HI > 40 with HI <40 (95% ClI) P-value (95% Cl) P-value
Age (years) (n = 256) (n=33) (n=223)
<25 43 (16-8) 9 (27-3) 34 (15-2) 9:0 (1-1-405-8)  0:0198" 57 (0:7-49-0) 0111
25-49 178 (69-5) 23 (69:7) 155 (69-5) 50 (0:8-213-8) 0-14" 4-3 (0:6-33:6) 0-163
50-64 35 (13-7) 1(3) 34 (15:3) 1
Body Mass Index (n = 254) (n =33) (n=221)
>25 44 (17-3)  4(12:1) 40 (18:1) 06 (0-2-1-9) 047"
<25 210 (82:7) 29 (87:9) 181 (81-9) 1
Career (n = 256) (n =33) (n=223)
Physician 30 (11-7) 3(91) 27 (12-1) 1
Nurse or nurse assistant 208 (81-:3) 28 (84-8) 180 (80-7) 1-4 (0-4-77) 0-78"
Others 18 (7) 2 (6:1) 16 (7-2) 1-1 (0-1-109) 1-00"
Received the seasonal influenza (n = 250) (n =32) (n=218)
vaccine between April 2008 and
May 2009
Yes 205 (82) 27 (84-4) 178 (81-7) 12 (0-4-4-3) 0-71
No 45 (18) 5 (15:6) 40 (18-3) 1
Living with children younger (n = 255) (n =33) (n=222)
than 5 years
Yes 52 (20-4) 8 (24-2) 44 (19-8) 1-3 (0-5-3-2) 0-56
No 203 (79:6) 25 (75-8) 178 (80-2) 1
Living with children age 5-15 years (n =253) (n=33) (n =220)
Yes 59 (23-3) 4(12-1) 55 (25-0) 04 (0-1-1-3) 012"
No 194 (76:7) 29 (87-9) 165 (75-0) 1
Having household member sick (n = 253) (n =33) (n =220)
with respiratory tract infection
during the outbreak
Yes 117 (46-2) 12 (36:4) 105 (47-7) 06 (0:3-1-4) 0-22
No 136 (53-8) 21 (63-6) 115 (52-3) 1
Visiting crowded public places (n = 256) (n =33) (n =223)
during the outbreak
Yes 149 (582) 27 (81-8) 122 (54:7) 37 (1:4-11-4) 0-0032 31 (1-2-81) 0-019
No 107 (41-8) 6 (18-2) 101 (45-3) 1
Mask type used when caring for (n =239 (n = 30) (n = 209)
patients with suspected/confirmed
2009 H1N1
N95 respirator 142 (59-4) 16 (53-3) 126 (60-3) 1
Surgical Mask 78 (32+6) 10 (33-3) 68 (32'5) 1-2 (0-4-2-9) 0-73
Use either mask 19 (8) 4 (13-4) 15 (7-2) 2:1(0-4-7-7) 0-26"
Frequency of hand hygiene before (n = 246) (n =32) (n=214)
and after caring for patients with
suspected/confirmed 2009 H1N1
All the time (>90-100%) 202 (82-1) 27 (84-4) 175 (81-8) 12 (0-4-4-1) 0-76
Most of the time (70-90%) 43 (17-5) 5 (15:6) 38 (17-8) 1
Sometimes (<60%) 1 (0-4) 0 1 (0-4) -
Frequency of mask use when caring (n = 244) (n=32) (n=212)
for patients with suspected/confirmed
2009 H1N1
All the time (>90-100%) 180 (73-8) 24 (75:0) 156 (73-6) 0:9 (0-4-2'5) 0-86
Most of the time (70-90%) 56 (23) 8 (25) 48 (22-6) 1
Sometimes (<60%) 8 0 8 (3:8) -
Frequency of glove use when caring (n = 245) (n=32) (n=213)
for patients with suspected/confirmed
2009 H1N1
All the time (>90-100%) 131 (53-5) 19 (59-4) 112 (52-6) 1-4 (0-4-4-9) 0-57
Most of the time (70-90%) 69 (28:2) 8 (25) 61 (28:6) 1-0 (0-3-4-4) 0-94
Sometimes (<60%) 45 (18-3) 5 (156) 40 (18:8) 1
Having respiratory tract infection (n = 255) (n =32) (n =223)
during the outbreak
Yes 120 (47-1) 20 (625) 100 (44-8) 2:1 (0:9-4-8) 0-06 1-8 (0-8-4-0) 0132
No 135 (52-9) 12 (375) 123 (55-2) 1
“Fisher's exact test.
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activities and less pre-existing cross-protective antibody in
the younger compared with the older participants.” In our
study, we also found that having an HI titer 240 was associ-
ated with younger age and visiting crowded public places,
suggesting that the outbreak spread more widely in a youn-
ger population, probably from gathering in public places.

Conducting a serologic study immediately after the first
outbreak of 2009 HIN1 infection was a unique opportunity
to look at the effectiveness of IC practices. Assuming from
a previous study that approximately 1.4% of healthy people
had an HI antibody titer to 2009 HIN1 > 40 before the
outbreak,® we can expect that the serologic evidence
reported is primarily due to the acquisition of infection
during the outbreak. The HCPs who participated in this
study were the frontline personnel at highest risk of expo-
sure to 2009 H1NI-infected patients and were well trained
in using PPE and IC practices. Ideally, these HCPs should
not acquire 2009 HIN1 infection from patient care. How-
ever, our set-up was not ideal. Aerosol-generating proce-
dures were performed in many of the patient care areas
and none of the wards had the perfect negative pressure
needed to limit aerosol spread. Moreover, adherence to IC
practices was not perfect in real life.

A previous report revealed that frontline HCPs were
actually less likely to contract 2009 HIN1 than other HCPs,
probably because of good adherence to IC practices and
use of PPE.!® However, we found that only about half of
our HCPs reported perfect adherence (>90% of exposure
events) to wearing of gloves, and around 70-80% perfectly
adhered to mask use and hand hygiene. Despite this imper-
fect adherence, it seemed that the HCPs in our study
acquired infection from the community rather than from
patient care. A report from the US also found acquisition
from the community as a major route of infection in
HCPs."" We did not find the levels of adherence to hand
hygiene and mask use (70-90% versus 90-100%) to be
associated with infection. This is in line with a previous
study that revealed a protective effect of >75% adherence
to hand hygiene."

The hospital environment is the setting where HCPs
spend much of their time and may be the source of infec-
tion, in addition to patient care activities. Environmental
contamination in household settings of patients with influ-
enza was well documented.'” A study in Singapore reported
that contact with HINI-infected colleagues was associated
with 2009 HINlinfection in hospital staff."> We found that
exposure to HCPs with ILI was associated with 2009 HIN1
infection in a subgroup analysis of nurses and nurse assis-
tants, but not in the whole cohort analysis. Of note, almost
half of the HCPs in this study had an RTI during the out-
break but only 16:7% of these RTI episodes appeared to be
associated with HI seroconversion to 2009 HIN1 suggest-
ing that other respiratory viruses co-circulated during the

outbreak, and this may have masked the effect of ILI con-
tact in the whole cohort. Hospital policies to monitor ill
HCPs and prevent transmission of infection from ill HCPs
are needed.

There are several limitations of the study. First of all,
our sample size was not large. Inherent self-report survey-
based research compared with observer-based research, in
particular when reporting hand hygiene and PPE habits, is
that over-reporting of the habit cannot be excluded. We do
not have verification of the accuracy of the answers to the
questionnaire and we did not monitor for adherence to IC
practices in our study.

In conclusion, we found that of 2009 HIN1 infection
among frontline HCPs was somewhat higher than in the
general population. The risk of infection was found to be
associated with community exposure risk, particularly in
the young, as well as exposure to other HCPs with ILI
without protection.
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