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Reality Check of Laboratory Service
Effectiveness during Pandemic
(H1N1) 2009, Victoria, Australia

Michael Catton, Julian Druce, Georgina Papadakis, Thomas Tran, and Christopher Birch

No campaign plan survives first contact with the
enemy.—Helmuth Graf von Moltke

In Australia, the outbreak of pandemic (H1N1) 2009
began in Melbourne, Victoria; in the first 17 days, the
Victorian Infectious Diseases Reference Laboratory
detected 977 cases. Although the laboratory had a
pandemic plan in place, a retrospective evaluation found
3 major variations from plan assumptions: 1) higher peak
demand not limited by a case definition, 2) prolonged
peak demand because containment attempts continued
despite widespread influenza, and 3) unexpected influence
of negative test results on public health actions. Although
implementation of the plan was generally successful, the
greatest challenges were limited availability of skilled staff
and test reagents. Despite peak demand of 1,401 tests
per day, results were provided within the usual 24 hours
of specimen receipt; however, turnaround time seemed
slower because of slow transport times (>3 days for 45%
of specimens). Hence, effective laboratory capability might
be enhanced by speeding transport of specimens and
improving transmission of clinical data.

he pandemic (HIN1) 2009 outbreak in Australia was

detected in Victoria on May 18, 2009, and during
the following weeks spread to other states. Pandemic
planning guidelines for Australia consist of 4 phases (1):
delay (identify and test persons who meet a clinical case
definition), contain (home quarantine laboratory-confirmed
case-patients and give antiviral prophylaxis to their
contacts), sustain (restrict laboratory testing to persons
with clinically defined cases who are at increased risk for

Author affiliation: Victorian Infectious Diseases Reference
Laboratory, North Melbourne, Victoria, Australia

DOI: 10.3201/eid1706.101747
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severe outcomes), and protect (identify and manage those
at risk for severe illness and those in vulnerable settings
such as aged-care facilities). The pandemic plan envisaged
all Australian states moving together through the pandemic
phases. In practice, however, Victoria implemented the
sustain phase, referred to as modified-sustain, sooner than
other states.

The first 3 case-patients were siblings who had recently
returned from the United States (Figure 1). When the
outbreak began, Victorian health authorities implemented
the contain phase (3), and laboratory confirmation of
cases was conducted by the Victorian Infectious Diseases
Reference Laboratory (VIDRL). Attempted containment
ceased on June 3 when confirmed cases totaled 977,
at which time laboratory testing was restricted to that
appropriate under a modified-sustain phase. By June 23,
when the modified-sustain phase ended, 1,406 cases had
been laboratory confirmed and 1 patient had died. Testing
efforts subsequently moved to those required under the
protect phase. By September 27, a total of 6,895 cases in
Victoria had been reported, 24 of them fatal (3), although
the true number of cases is probably greater.

We describe VIDRL provision of laboratory support for
the pandemic (HIN1) 2009 outbreak response in Victoria.
We critically appraise the effectiveness of this laboratory’s
pandemic planning from 3 perspectives: 1) how the reality
of the pandemic matched planning assumptions, 2) how
successfully this planning facilitated workflow in practice,
and 3) how successfully the laboratory delivered the
required testing.

Pandemic Planning

Our planned algorithm for influenza A virus testing
involved extraction of RNA from clinical specimens
by using QIAxtractor or BioRobot Universal System

963
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Figure 1. Number of patients with influenza-like illness and numbers
of laboratory detections of pandemic (H1N1) 2009 derived from
primary care physician influenza surveillance together with the
phases of the outbreak in Victoria (VIC). The phases are as follows:
delay (conduct active surveillance and border control measures),
contain (restrict establishment of the pandemic), modified-sustain
(minimize transmission and maintain health services), and protect
(focus on those at risk for severe outcomes). Modified from (1,2),

extraction robots (each from QIAGEN, Valencia, CA,
USA), followed by reverse transcription with random
hexamers. cDNA was amplified in parallel assays by using
an Applied Biosystems 7500 Fast Real-Time PCR System
(Foster City, CA, USA) and incorporating primers and
probes selective for the matrix gene of influenza A viruses,
including that of the pandemic (HIN1) 2009 virus, and for
the hemagglutinin (HA) gene of that virus. (Sequences of
all primers and probes used in these assays are available
upon request to M.C.).

Our model of anticipated pandemic influenza testing
comprised 2 phases. First, an initial peak of intense testing
needed to identify early cases would result in>500 additional

PCRs being conducted each day for 2 weeks. Second, a
step-down in demand with a focus on severe or atypical
cases that needed testing for clinical management would
result in =200 tests being conducted each day for several
months. Implicit in the latter phase was that a clinical case
definition would suffice for most uncomplicated influenza
cases and that dominant circulation of the pandemic strain
would enable a test result of “influenza A detected” from
many laboratories to be a de facto diagnosis of pandemic
(HINT) 2009 infection. Some laboratory capacity would be
reserved for outbreak monitoring by sentinel surveillance
and detailed strain characterization. All routine diagnostic
laboratory activity (=1,000 tests/day) for diseases other than
influenza would proceed routinely, but elective activities
such as research would be delayed as needed.

To realize this pandemic plan, certain measures
were undertaken at VIDRL. They were 1) assembly of
enough nucleic acid extraction robotics and real-time PCR
analyzers for >500 daily PCRs, 2) recruitment and training
of 2 additional scientists who could work in the testing
laboratory during a major outbreak, 3) planning for the
temporary reassignment of scientific staff with appropriate
skills from other laboratory areas during an outbreak, 4)
cross-training of secretarial and clerical staff to enter
patient and specimen data into the laboratory information
system, 5) manning of the laboratory telephone switchboard
by clerical staff, and 6) creation of a small stockpile of
essential laboratory reagents.

Effectiveness of Testing

During the initial contain phase, the number of tests
run was high. On June 1, the day of peak testing, 1,401
PCRs for influenza were performed, this being the sum of
the matrix gene PCRs performed on each referred specimen
and HA gene PCRs performed on matrix gene PCR-positive

Figure 2. Number of diagnostic
specimens received at the Victorian
Infectious  Diseases  Reference
Laboratory and laboratory detections
of pandemic (H1N1) 2009 virus,
Victoria, Australia, 2009.
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samples (Figure 2). In contrast, a typical daily peak number
in winter would be ~100. However, the laboratory was able
to sustain peak levels of influenza testing and provision
of results within typical turnaround times. The times
from specimen data entry into the laboratory information
system to result reporting were calculated by extracting
data from the Laboratory Information System (Medipath,
LRS Health; Melbourne, Victoria, Australia) with an
integral analytic software module. Because the actual time
of specimen arrival is not searchable on our system, the
representativeness of this electronic data as a proxy for
total test turnaround time was verified by a manual audit of
200 Medipath files. This procedure compared the manually
stamped arrival time and date on scanned digital images
of specimen request forms received on June 1, the busiest
day of the outbreak, with the corresponding time and date
recorded electronically for result reporting. This manual
audit gave a faster estimate for turnaround time than the
electronic search, probably because the latter includes data
from weekends (data not shown).

The mean turnaround time from specimen data
acquisition to result reporting for the 4 peak months of the
2009 outbreak was <24 hours (Figure 3). For all except a
2-week period in June, this turnaround time was faster than
the equivalent turnaround time for the winter of 2008. The
main contributors to this outcome were longer than usual
working hours for scientific and support staff, coupled with
high levels of automation.

Specimens were transported by courier to VIDRL
from Melbourne hospitals, other laboratories, and general
practitioners on behalf of Victorian health authorities. The
duration of time from specimen collection to arrival at
VIDRL varied. Transport times for all pandemic (HIN1)
2009—positive samples were calculated by comparing the
interval between the laboratory receipt time and date stamp
and the recorded collection time and date on digital images
of specimen request cards. Positive samples were chosen
for analysis because of the relative ease with which this
dataset could be collated from the laboratory information
system. The positive samples were representative of the
total sample group from which they came; ~15% of positive
specimens arrived on the day of collection, 40% arrived the
next day, and =30% arrived over the next 2 days (Figure 4).
Despite maintenance of typical test turnaround times, these
transport times contributed to clinicians’ perception of slow
turnaround times (4), for which VIDRL received numerous
complaints. During the pandemic, it was common to
receive telephone inquiries for results for specimens that
had arrived only hours earlier or had yet to arrive.

Our pandemic planning had focused primarily on
resources and processes under our control within the
laboratory. However, for optimal functioning of the whole
testing cycle, the movement of specimens and accompanying

Emerging Infectious Diseases ¢ www.cdc.gov/eid « Vol. 17, No. 6, June 2011
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Figure 3. Mean turnaround times for Victorian Infectious Diseases

Reference Laboratory detection of influenza, Victoria, Australia,
2008 and 2009.

data from patient to testing site and provision of results
back to the patients’ caregivers must also be optimal. To do
so required a systemwide planning approach that was less
than complete at the onset of the pandemic. More planning
will be needed for optimal functioning under the pressures
imposed by a future large outbreak (Table).

Effectiveness of Pandemic Planning

During the pandemic, 3 key elements differed
substantially from our planning assumptions: 1) we did
not predict the expectation that all community respiratory
disease would be tested, 2) we did not plan for testing
to continue long after widespread community spread of
influenza was evident, and 3) we had not considered that
negative test results would be so influential to the public
health response. This outbreak was the first influenza
pandemic during which provision of real-time diagnostic

60 7

30 1

20 1

Specimens received, %

1 2 3 4 5 6 7 8 9
Days postsampling

Figure 4. Timing of receipt of pandemic (H1N1) 2009 virus—
positive specimens by the Victorian Infectious Diseases Reference
Laboratory, Australia, 2009.
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Table. Summary of laboratory effectiveness during pandemic (H1N1) 2009, Victoria, Australia, 2009

Challenge

Potential solution

Data management

Pressure on specimen data entry into laboratory information
system

Missing telephone, fax, address details on request forms

Volume of negative results precluding telephone contact with
referring source

Direct electronic communications of specimen data from
referring source to laboratory

Direct electronic communication of results from laboratory to
referring source

Direct electronic communication of results from laboratory to
referring source

Specimen transport
Slow

Poor interfacing with test start times in laboratory

Multi-institution planning of efficient emergency specimen
transport
Multi-institution planning of efficient emergency specimen
transport

Staff
Finite laboratory staff resources

Further minimization of manual steps for specimen processing
and additional staff cross-training

Telephone inquiries
Difficulty manning switchboard over extended laboratory hours
High call volume to laboratory taking scientific staff away from
testing

Planning for additional agency staff during emergencies
Minimization of inquiries through improved specimen transport
and data management

Reagents
Shortages threatening test capacity

Expansion of reagent stockpile and use of validated test
protocols using reduced reagent volumes

Communication

Misunderstandings regarding scope and objectives of
laboratory testing

Strengthened lines of communication between laboratories,
clinicians, and health authorities

Pandemic planning

Lack of flexibility to accommodate verging levels of influenza
activity at state jurisdiction level

Adapted pandemic plan

virologic testing on large numbers of specimens had been
a practical possibility. This testing capability created high
expectations among users of our service. Our pandemic
planning had sought to provide a realistic volume of testing
capacity for anticipated public health and clinical needs.
However, the initial expectation from the community and
many clinicians during the contain phases was that all
cases of respiratory disease in the community would be
tested. This expectation is not unusual in highly publicized
infectious disease outbreaks, but because the at-risk
population was effectively unlimited in this outbreak, the
demand was extreme. Most samples received were from
persons who were relatively healthy, as evidenced by
telephone conversations between our medical staff and
patients, clinical details when provided on request forms,
and by the dramatic drop in demand later during the sustain
phase when testing was focused on those truly at risk for
serious illness (Figure 2).

Our planning model of a 2-week initial surge followed
by a step-down to clinically focused testing proved correct.
However, the contain phase of high-demand testing
continued well beyond the point at which it was first evident
that community transmission was widespread. Only 9 of
the first 978 case-patients had a history of overseas travel
(3), and pandemic (HIN1) 2009 began to be detected from
our sentinel general practitioner influenza surveillance

966

network within the first week of the outbreak (3). Unlimited
testing as influenza spread rapidly in the community drove
testing demand to extremely high levels. The reasons for
continuation of the contain phase are complex but were
in part a consequence of the pandemic plan’s treatment of
the country as a homogeneous whole, although in reality
the Victoria outbreak occurred several weeks sooner than
outbreaks in other Australian states (5). In contrast to
the higher than expected peak, testing levels during the
subsequent step-down phase were lower than provided for
in our plan (Figure 2). This finding is consistent with the
relative clinical mildness of the pandemic (HIN1) 2009
virus strain; in Victoria, only 0.3% of infected patients
were hospitalized in the first 10 weeks of the outbreak (6).

In past outbreaks, we focused on urgent and accurate
communication of positive laboratory results that identified
cases, and we communicated negative results en masse
by routine systems, including electronic links to major
health care institutions. However, during pandemic
(HIN1) 2009, major public health actions were triggered
by negative results, including cessation of quarantine
restrictions and decisions about antiviral prophylaxis.
While communication of large numbers of positive results
to clinicians and public health authorities challenged
resources, urgent and personalized transmission of a much
larger number of negative results was not possible. This

Emerging Infectious Diseases ¢ www.cdc.gov/eid ¢ Vol. 17, No. 6, June 2011



limitation was further compounded by the frequency with
which telephone or fax numbers of primary care physicians
were missing on request forms; hence, laboratory reporting
depended on postal addresses, which were also frequently
incomplete or missing. Spot checks of request forms
performed several times during the outbreak found this
problem on up to 10% of request forms.

Implementation of Planning

Many aspects of our laboratory pandemic planning
worked well in practice; outbreak testing facilities and
equipment platforms provided the required test capacity
(as many as 1,400 extra PCRs in 1 day). Employment of
additional scientists before the outbreak also provided
considerable benefits. In other areas, a great deal of
commitment and hard work from staff compensated for
planning shortcomings. Notably, preparations for surge
capacity in several support areas, including patient data
entry and dealing with telephone inquiries, could not
match demand and required additional effort to resolve
bottlenecks. Because our system of data entry requires
specific skills, we could not use temporary agency staff for
data entry. In practice, cross-trained secretarial staff and
volunteers proved too slow for the demand, and their needs
for support impeded the work of skilled staff. Particularly
after hours, laboratory test results were often available
before complete data entry had been performed, delaying
release of hard-copy laboratory reports. A technical
solution involving electronic upload of test requests from
clinicians seems the best future approach to this problem.

Scientists in our organization who were not involved
in influenza testing, envisaged as providing a pool of
supplementary staff with PCR or virology skills, were
rarely able to perform this function during the outbreak. The
capacity of support staff who were performing functions
such as specimen reception was almost entirely consumed
by the demands of receiving influenza specimens. Staff
in other laboratory areas helped absorb demand by taking
over these functions for their own specimens but then
could not reasonably release scientific staff to supplement
influenza testing. As a result, those involved in influenza
testing worked long hours, supported by scientists from
other laboratory areas who were also working overtime.
Although this approach was sustainable for weeks, it could
not have continued through the outbreak.

Lastly, the small stockpile of PCR reagents proved
insufficient. The high demand for testing during the contain
phase required a commensurate amount of reagents.
Suppliers in Australia were initially unable to keep up
with our rapidly escalated demand. This limitation was
successfully managed by using reduced reaction volumes
(because of a shortage of random hexamers, the volume of
reverse-transcribed cDNA was halved); changing aspects

Emerging Infectious Diseases ¢ www.cdc.gov/eid « Vol. 17, No. 6, June 2011
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of our testing algorithm (from an initial test algorithm
involving influenza A matrix gene PCR primers and H1
HA gene primers run in parallel to an algorithm involving
the matrix gene alone with subsequent HA subtyping of
positive samples on the same day); and, immediately
after introduction of the modified-sustain phase, adhering
rigidly to the criteria for test eligibility circulated by health
authorities. Adhering to these criteria included storing, but
not testing, samples from persons determined to not be at
substantial clinical risk. This practice caused unhappiness
among some clinical colleagues but preserved sufficient
capacity to guarantee testing for patients in clinical need.

Outbreak Monitoring

As described elsewhere (2,3), a network of 80 general
practitioners in metropolitan Melbourne and rural Victoria
conducted influenza surveillance, coordinated by VIDRL,
from May through October 2009. Laboratory testing for
influenza was conducted for a subset of these cases, and
test results were made available online (7). This testing
activity was maintained during the time of heavy laboratory
demand because of the perceived need to collect unbiased
data on influenza activity comparable to data collected
during the previous 10 years of influenza surveillance.

The number of laboratory-confirmed cases of pandemic
influenza (3) was heavily influenced by community testing
behavior and by guidelines for testing promulgated by
health authorities. This influence is shown clearly in the
abrupt reductions in testing and detections of influenza in
Victoria after June 3, when the pandemic response phase
changed from contain to modified-sustain (Figure 2).
Hence, the number and timing of laboratory-confirmed
cases were unrepresentative of the wider outbreak. In
contrast, laboratory-supported influenza surveillance
undertaken in parallel with diagnostic testing provided
monitoring of the course of the outbreak relatively free
of these effects (Figure 1) and, as described elsewhere,
enabled direct comparison of the outbreak with >10 years
of seasonal influenza (3,7,8).

Conclusions

Operationally, the pandemic (HIN1) 2009 outbreak
tested our laboratory preparedness in ways that no exercise
could; yet some of the potential pressures were limited
by the relatively low clinical severity of the virus. The
numbers, speed, and accuracy of tests conducted, along
with real-time tracking of the outbreak through laboratory-
supported influenza surveillance, were unimaginable less
than a decade ago. Facilities, equipment, and PCR-based
testing performed extremely well. Limits to the available
pool of skilled staff and the threat of reagent shortages
provided challenges where contingency plans had only
been partly successful. Staff performed admirably in the
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face of these challenges, but in the future, more effective
solutions will be required. The greatest improvements in
overall performance of the laboratory testing cycle will
be achieved through increasing the speed of specimen
transport and improving transmission of clinical data to and
from the laboratory.
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Multiple Introductions of
Multidrug-Resistant Tuberculosis
Into Households, Lima, Peru
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Katiuska Chalco, Molly F. Franke, and Mercedes C. Becerra

Two cases of multidrug-resistant tuberculosis (MDR
TB) in a household are assumed to reflect within-household
transmission. However, in high-incidence areas of MDR
TB, secondary cases may arise through exposure to
MDR TB in the community. To estimate the frequency of
multiple introductions of MDR TB into households, we
used spoligotyping and 24-loci mycobacterial interspersed
repetitive unit—variable number tandem repeats to classify
isolates from 101 households in Lima, Peru, in which >1
MDR TB patient received treatment during 1996-2004. We
found different MDR TB strains in >10% of households.
Alternate approaches for classifying matching strains
produced estimates of multiple introductions in <38% of
households. At least 4% of MDR TB patients were reinfected
by a second strain of MDR Mycobacterium tuberculosis.
These findings suggest that community exposure to MDR
TB in Lima occurs frequently. Rapid drug sensitivity testing
of strains from household contacts of known MDR TB
patients is needed to identify optimal treatment regimens.

he discovery and use of discriminating genetic
markers such as 1S6110 restriction fragment length
polymorphisms ~ (RFLPs), spacer oligonucleotides
(spoligotyping), and mycobacterial interspersed repetitive
unit-variable number tandem repeats (MIRU-VNTRs)
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(1) have improved our understanding of the transmission
dynamics of tuberculosis (TB) (2,3). Genotyping studies, in
which strains with matching sets of markers are considered
potential members of a single transmission chain, have
demonstrated that recent transmission plays a major role,
even in low-incidence settings (4,5); that persons with
recurrent episodes of TB may be having reinfection rather
than relapse (6-8); that persons may be infected by >1
isolate of Mycobacterium tuberculosis at the same time
(9-11); and that transmission may occur in casual social
settings (12).

Molecular  epidemiologic  studies have also
demonstrated that secondary cases among close associates
of known case-patients are not always members of the
same chain of transmission, i.e., that infection may have
been acquired from independent sources (13). Molecular
investigations of households of multiple TB patients
showed that cohabitating TB patients may be infected with
distinct isolates of M. tuberculosis (14-16). For example,
in 2 suburbs of Cape Town, South Africa, which have TB
notification rates of =320 cases per 100,000 population,
researchers found that less than half (46%) of secondary
TB cases within households had a TB isolate that matched
an isolate from another case within the household by RFLP
(16). Overall, <I (19%) in 5 new TB cases occurring in
these communities was the result of within-household
transmission.

Although studies have shown that household contacts
with TB are likely to have acquired infection independently
in high-incidence settings, there are no published estimates
of the probability that 2 household members with multidrug-
resistant TB (MDR TB: resistance to at least isoniazid and
rifampin) share a similar genotype and are members of the
same transmission chain. Molecular epidemiologic data
from households with >1 MDR TB case can help shed
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light on the transmissibility of highly drug-resistant disease
and also help guide public health policy. For example,
international guidelines for the management of known
contacts of MDR TB patients recommend an empirical
drug regimen based either on the drug-resistance profile
of an isolate from the suspected index MDR TB case-
patient or on the most common drug-resistance pattern
in the community while drug sensitivity tests are pending
(17-19). A better understanding of the relative importance
of intrahousehold or community transmission may help to
inform the choice of empirical regimen.

Despite a decreasing overall incidence of TB in Peru
of =3.7% per year since 1996, the incidence of MDR TB
has increased by ~4.5% over the same period (20). The
increasing incidence of MDR TB in densely occupied urban
communities of Lima, Peru, poses obvious challenges for
TB control. We report a molecular epidemiologic study
within households in Lima in which >1 person received a
diagnosis of MDR TB. We used spoligotyping and 24-loci
MIRU-VNTR typing (21,22) to identify households that
have had >1 introduction of MDR TB, and we explored
the association of household factors with these multiple
introduction events.

Materials and Methods

Study Setting, Participants, and Data

The estimated incidence of TB in Lima, Peru, is >130
cases/100,000 persons; this estimate masks substantial
heterogeneity in the actual distribution of TB within this
large metropolitan area where poor areas often experience
several-fold higher local incidence of disease than higher-
income areas (23). For example, in 2000 in northern
metropolitan Lima (population 3,186,199), the incidence
of active TB was 232 cases/100,000 persons (24). A
nationwide survey in 2006 reported that 5.3% of all new
cases and 23.6% of retreatment cases were MDR TB
(25). Since 1996, Partners in Health and Socios en Salud
Sucursal Peru have worked with the Peru Ministry of Health
to implement a program to treat patients with active MDR
TB by using supervised, individualized, antimicrobial drug
regimens delivered on an ambulatory basis (26-28).

We previously reported the TB incidence in a cohort
of household contacts of the patients treated for MDR TB
(29). A household was eligible for inclusion in the study if
>2 members had been treated for MDR TB by this program
during 1996-2004, and if >1 MDR M. tuberculosis isolate
obtained from each person was available for analysis.
All available (pretreatment and ongoing treatment) MDR
isolates from patients in eligible households were included
in this analysis. Demographic data, drug-susceptibility test
results, and information about the physical condition of the
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household structure were abstracted from the electronic
records of the MDR TB program. This study was reviewed
and approved by the Committee on Human Studies of the
Office of Research Subject Protection of Harvard Medical
School.

Laboratory Methods and Drug-Susceptibility Testing

Drug-susceptibility testing and genotyping by using
MIRU-VNTR and spoligotyping were performed by the
Supranational Reference Laboratory at the University
of Massachusetts Medical School. A standard agar plate
proportion method was used for drug-susceptibility testing
of M. tuberculosis isolates. The first-line and second-line
drugs tested were isoniazid (0.2 mg/L, 1.0 mg/L, and
5.0 mg/L), rifampin (1.0 mg/L), streptomycin (2.0 mg/L
and 10.0 mg/L), ethambutol (5.0 mg/L), kanamycin (5.0
mg/L), ethionamide (10.0 mg/L), capreomycin (10.0
mg/L), ofloxacin (2.0 mg/L), and p-amino salicylic acid
(8.0 mg/L). Susceptibility to pyrazinamide (100 mg/L) was
determined by using the BACTEC 460 Liquid Medium
System (Becton Dickinson, Sparks, MD, USA). We only
included drugs to which resistance had been tested for
>70% of isolates in the study.

MIRU-VNTR Genotyping

DNA for PCR analysis was prepared by using a
simple thermolysis procedure. PCR amplification of the
24 MIRU-VNTR loci was conducted as described (22,30)
with minor modifications. The PCR mixture contained 2
uL of thermolysate, 1x PCR buffer, 1 mol/L betaine, 0.5
U Taq DNA polymerase (Takara Bio, Madison, WI, USA),
200 pmol/L of each ANTP, and 0.3 umol/L of each flanking
primer.

An ABI Thermal Cycler 2720 (Applied Biosystems,
Foster City, CA, USA) was used for PCRs. Initial
denaturation at 94°C for 5 min was followed by 35 cycles
of denaturation at 94°C for 30 s, annealing at 62°C for 30 s,
and elongation at 70°C for 45 s; and a final extension step at
72°C for 10 min. M. tuberculosis H37RV DNA and sterile
distilled water were included in each test run as positive
and negative controls, respectively.

PCR products were analyzed in 2 ways. First, DNA
fragments from amplification with primers specific for
loci ETRA, ETRB, ETRC, ETRD, MIRU2, MIRU20,
MIRU23, MIRU24, MIRU26, Mtub21, Mtub29, Mtub30,
Mtub34, and Qub11b were separated by using standard 2%
agarose gel electrophoresis. Second, DNA fragments from
amplification with primers specific for loci ETRE, MIRU 10,
MIRU16, MIRU27, MIRU39, MIRU40, Mtub04, Mtub39,
Qub26, and Qub4156 were analyzed by electrophoresis
with the QIAxcel System and the QIAxcel DNA Screening
Kit (both from QIAGEN, Valencia, CA, USA).
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Mycobacterial DNA was prepared by using the same
thermolysis protocol as for MIRU-VNTR typing. For DNA
amplification, 0.15 puL Tth polymerase (5 U/uL; Roche,
Pleasanton, CA, USA) was added to 50 uL. of PCR mixture,
and the following amplification profile was used: 3 min at
96°C; 35 cycles for 1 min at 96°C, 1 min at 55°C, and 30 s
at 72°C; and 5 min at 72°C.

Spacer oligonucleotide typing was performed by
using the Multianalyte Profiling System (Luminex
Inc., Austin, TX, USA). The procedure was conducted
according to the protocol reported by Cowan et al. (31)
with adaptations for a 96-well format. Fluorescence signals
indicating hybridization strength were analyzed by using
Bio-Plex Suspension Array System Instrument Luminex
100xMAP Technology (Luminex Molecular Diagnostics
Inc., Toronto, Ontario, Canada) and the Bio-Rad BioPlex
Manager Program version 4.1.1 (Bio-Rad Laboratories,
Hercules, CA, USA). Lineage and the shared type for each
isolate were assigned based on matching the spoligotype
patterns with those listed in the SpolDB4 database (32).

Identification of Multiple Introductions of
M. tuberculosis into a Household

Households were classified as having evidence of
repeated introduction of TB from the community if isolates
from >2 patients with MDR TB within 1 household had
different molecular genotypes. Supply et al. proposed a
standard approach for characterizing the relatedness of M.
tuberculosis isolates by spoligotyping and 24-loci MIRU-
VNTR. They found that the combination of these methods
(which requires including >15 of the most diverse loci for
MIRU-VNTR analysis) has comparable discriminatory
power to 1S6110 RFLP typing (22). We present minimum
and maximum estimates of the proportion of households
judged to have evidence of multiple TB introductions on
the basis of spoligotyping and MIRU-VNTR genotyping
data.

We also examined a classification approach recently
used by Narayanan et al. (7). Nonmatching strains are
defined as those strains with >1 spoligotype spacer or >1
MIRU-VNTR locus difference. Enabling different degrees
of stringency in calling 2 (or more) strains a match reflects
our underlying uncertainty about how rapidly spoligotypes
and MIRU-VNTR genotypes change because of mutations
at marker loci during the natural history of disease and
through chains of transmission that may span decades.

Identification of Reinfection Events

We genotyped all available MDR isolates of patients
within study households. Among participants from
whom >2 isolates were available, we identified episodes
of reinfection on the basis of differences in genotypes.
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We used a similar approach for comparing genotypes for
identifying episodes of reinfection and repeated household
introduction.

Statistical Analysis

SAS version 9.2 (SAS, Cary, NC, USA) was used for
statistical analysis. We performed standard nonparametric
tests for assessing univariate associations between
household-level factors and the probability of repeated
introduction.

Results

We identified 105 households in which >1 MDR M.
tuberculosis isolate was available from each of >2 different
household members. In total, 391 MDR isolates from 236
persons were available for molecular typing. Spoligotyping
and MIRU-VNTR analyses were successfully completed
on samples from >2 participants from 101 (96%) of these
households. These analyses resulted in a set of 384 (98%)
isolates from 232 (98%) persons. Characteristics of persons
and households included in the study are shown in Table
1. There were an additional 142 households for which
we knew of >2 patients with MDR TB, but for whom
M. tuberculosis specimens were no longer available for
genetic analysis. No statistically significant differences in
size, density, or age distribution of members were found
between the households that were included and those not
included in this study.

Of 384 isolates, 228 (59%) were tested for sus-
ceptibility to a sufficient number of second-line drugs to
identify extensively drug-resistant M. tuberculosis strains
(MDR plus additional resistance to a fluoroquinolone
and a second-line, injectable antimicrobial drug [either
kanamycin, amikacin, or capreomycin]). Thirty-one (14%)
of these 228 isolates were confirmed as extensively drug
resistant and were obtained from 15 patients, none of whom
were living in the same household.

Multiple Introductions of MDR M. tuberculosis
into Households

Using a permissive definition of matching in which we
included strains that differed by 1 spoligotype spacer to be
matched, we estimated that 10 (10%) of households had

Table 1. Characteristics of 101 households with MDR TB, Lima,
Peru, 1996-2004*

Characteristic Median (IQR)
Persons per household 8 (6-10)
Persons per bedroom 2.5(1.75-4.33)
Participants per household 2 (2-2)

Participants, n = 232
Age,y 23.8 (19.2-30.5)
Male sex, % 57.2
*MDR TB, multidrug-resistant tuberculosis; IQR, interquartile range.
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distinct MDR isolates and showed evidence of repeated
introduction. The strictest definition of matching, which
required exact matches in spoligotype and at all 24-loci
of the MIRU-VNTR analysis, showed that 38 (38%) of
households had evidence of repeat introduction of MDR
TB from the community (Figure). Using the approach of
Narayanan et al. (7) for identifying nonmatching strains
(pairs with >1 spoligotype spacer or 1 MIRU-VNTR locus
difference), we classified 16 (16%) households as settings
with multiple introductions of MDR TB.

The 16 households in which >2 persons had an
MDR M. tuberculosis isolate that was different from that
obtained from another person in the household, according
to the definition of Narayanan et al. (7), are shown in online
Appendix Table 1 (www.cdc.gov/EID/content/17/6/969-
appT1.htm). Seven of these households also had evidence
of within-household transmission of MDR TB. Closer
inspection of spoligotypes isolated from these households
indicated that 6 of the 16 households, although failing
to meet the proposed criterion for matching, had similar
isolates (households 112, 192, 557, 960, 263, and 645).
If these 6 households are classified as having evidence
of within-household transmission, our best estimate of
the number of households with evidence of multiple
introductions of MDR strains is reduced to 10 (10%).
Under these criteria, the percentage of households with
only evidence of probable within-household transmission
is 90%.

We used the 10 households as our most conservative
set of households with evidence of multiple introductions
of MDR stains and searched for household factors that
were associated with multiple introduction events. We did
not find any significant associations; specifically, the size
and density of households, the quality of the household
structure, and time span over which isolates were accrued
from households all appeared to be unrelated to multiple
introductions (Table 2). In addition, no significant difference
was found in the number of drugs to which the isolate from
the first patient was resistant between households that had
repeated introduction (mean 5.1 drugs) and households that
had evidence of probable within-household transmission
(mean 5.3 drugs; p = 0.75).

Evidence of MDR Reinfection

Ninety persons had >1 MDR TB isolate available
for analysis. Using the definition of matching strains
of Narayanan et al. (7), we found that 5 (6%) of these
persons had 2 distinct strains of MDR M. tuberculosis
during the period of follow-up and the remaining 85 (94%)
showed repeated isolation of the same MDR strain (online
Appendix Table 2, www.cdc.gov/EID/content/17/6/969-
appT2.htm). Closer inspection of the isolates available from
these 5 persons showed that 1 person (a 20-year-old man)
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7 112 10 41519
Spoligotype 1-spacer difference

10 households with unmatched strains

At least10% of secondary MDR cases
caused by multiple introduction

MIRU-VNTR 1-loci difference

MIRU-VNTR 1-copy difference
22 households with unmatched strains
At least 22% of secondary MDR cases
caused by multiple introduction

MIRU-VNTR exact match
31 households with unmatched strains
At least 31% of secondary MDR cases
caused by multiple introduction

Spoligotype exact match
20 households with unmatched strains
Al least 20% of secondary MDR cases
caused by multiple introduction

MIRU-VNTR and spoligotype exact match
38 households with unmatched strains
At least 38% of secondary MDR cases

caused by multiple introduction

Figure. Numbers of households classified as having multiple
multidrug-resistant (MDR) tuberculosis introductions by 6
definitions of matching genotypes, Lima, Peru, 1996-2004. MIRU-
VNTR, mycobacterial interspersed repetitive unit-variable number
tandem repeat.

from household 977 may not have been reinfected. Three
isolates were available from this person. The first isolate
had a slightly different spoligotype than the 2 isolates
subsequently obtained, but the MIRU-VNTR pattern was
the same for all 3 isolates.

Discussion

In the absence of molecular epidemiologic data,
secondary cases of MDR TB within a houschold are
generally assumed to be the result of within-household
transmission. In an area with increasing incidence of MDR
TB (20), we found that 90% of household contacts of MDR
TB index cases with active disease and drug-susceptibility
test results had MDR TB (29). Our present study, in a
subset of that cohort, used genotyping on the basis of
spoligotyping and 24-loci MIRU-VNTR, which has been
shown in other settings to have comparable discriminatory
power to IS6110 RFLP (21). Our study shows that there
was at least a 10% risk that a subsequent case of MDR TB
occurring within the home of a known MDR TB patient
was the result of transmission in the community rather than
transmission in the household. This estimate represents
a lower boundary of the contribution of community
transmission to the appearance of secondary MDR cases
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Table 2. Association between household factors and repeated introduction of MDR TB, Lima, Peru, 1996—2004*

Factor Introduction, n = 101 No introduction, n = 91 p value
No. persons 7.5 (6-8) 8 (7-11) 0.18
Persons per bedroom 2.6 (1.7-2.7) 2.4 (1.75-5) 0.43
Homes of substandard quality$ 1/9 (11) 23/64 (36) 0.44
Mean age of household members, y 28 (23-32) 26 (21-30) 0.39
Duration between first and last isolate obtained from household, d 389 (167-724) 345 (204-599) 0.92

*Values are median (interquartile range) or no. positive/no. tested (%). MDR TB, multidrug-resistant tuberculosis.
‘tHouseholds classified as having repeated MDR TB introductions for these analyses are indicated in online Appendix Table 1

(www.cdc.gov/EID/content/17/6/969-appT1.htm).

FSubstandard housing was defined as a dwelling with a dirt floor; walls made of straw matting, plastic, or plywood; a roof made of straw matting, plastic, or
plywood; or no access to water in the home (data were not available for all households).

within a home because matching strains within a household
(which we would categorize as within-home transmission)
may be caused by transmission from other sources in
the community. Because circulating MDR strains were
heterogeneous (Table 3), the magnitude of this bias may
not be substantial.

We did not find any easily measured household factors
associated with risk for repeated introductions compared
with within-home transmission. We had hypothesized that
a high household density (persons/bedroom) or low quality
of household structure may be associated with a higher
probability of within-home transmission, conditional upon
observing multiple cases within a home, but this hypothesis
was not supported by these data. This finding may
reflect an absence of this association between household
characteristics and risk for within-home transmission or,
alternatively, it may reflect the relatively small number
of repeated introduction events that we observed and our
limited power to test such associations. Accordingly,
although our observations provide convincing evidence
that repeated introduction of MDR TB into households
occurs in these settings, further studies are needed to
determine whether household factors, number of persons
within these households, or strains present within these
households are associated with an increased risk for within-
home transmission or repeated exposure in the community.

Genetic (33) or acquired susceptibility (34) to infection
and disease may play a role in the accumulation of multiple
TB cases within households. Because household members
are likely to share genetic or environmental risk factors,
or both, persons living with TB case-patients may be
particularly likely to be infected and acquire disease
whether they are infected by their household contact or in
the community.

Our findings provide evidence to support international
guidelines for management of active TB among contacts
of known MDR TB cases (17-19) because they confirm
that among strains from persons for which genotyping test
results are available, <90% of houschold contacts with
MDR TB were infected with the same strain as the index
patient. Our findings also highlight limitations associated
with such policies. Because subsequent cases of MDR TB
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in a household may be caused by community transmission,
policies that specify that apparent secondary case-patients
receive therapy on the basis of the drug-susceptibility
profile of an isolate from the initial MDR TB patient may
result either in effective drugs being needlessly withheld
or in administration of drugs to which the strain is already
resistant. This policy may result in acquisition of additional
resistance to second-line drugs and prolonged opportunity
for transmission of highly drug-resistant strains within
homes and in the community (35,36).

These findings support the use of rapid drug-
resistance tests to determine drug susceptibility profiles
in known contacts of MDR TB patients. Molecular tests
for resistance, such as line probe assays and cartridge-
based PCRs (i.e., GeneXpert; Cepheid, Sunnyvale, CA,
USA), are promising and have been endorsed by the
World Health Organization for determining resistance to
first-line drugs (37). However, although new diagnostic
tests in development also detect resistance to second-line
drugs (38,39), these tests have not yet been optimized for
use in guiding clinical care. New rapid phenotypic tests
for resistance, such as the microscopic-observation drug-
susceptibility assay, have also not yet been adequately
tested under field conditions for their capacity to be used
in selection of tailored regimens for MDR TB (40). Known
contacts of MDR TB patients should be a high-priority,

Table 3. Strain lineages of Mycobacterium tuberculosis detected
in the study population, Lima, Peru, 1996-2004

Lineage No. (%)
Beijing 19 (4.9)
H1 22 (5.7)
H3 22 (5.7)
LAM1 25 (6.5)
LAM3 12 (3.1)
LAM4 6 (1.6)

LAMS5 47 (12.2)
LAM9 38(9.9)
T1 85 (22.1)
T2 19 (4.9)
T5_MAD2 2(0.5)

U 1(0.3)

X3 17 (4.4)
No match 69 (18.0)
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high-yield study population for assessing the immediate
utility of these new tools.

A limitation of our study is that we cannot definitively
distinguish the 2 mechanisms by which distinct MDR
isolates may appear within households. First, household
members may have been infected by different drug-
susceptible strains in the community and acquired drug
resistance through deficient drug treatment. Second,
household members may have been directly infected by
different MDR strains in the community. Distinguishing
between these 2 possibilities is essential because each would
cause a distinct public health response. The first mechanism
suggests that detailed investigation of individual-level or
household-level risk factors for acquisition of MDR TB
was needed and would indicate a need for greater treatment
support and supervision for patients with drug-susceptible
disease. The second mechanism indicates a need to improve
infection control in the community or to facilitate diagnosis
and effective treatment for persons with MDR TB to reduce
the duration of infectiousness. In most circumstances, we
expect acquisition and transmission to contribute to the
appearance of multiple cases of MDR TB within homes,
and efforts to reduce the incidence of drug-resistant disease
will need to address these factors.

Although we have insufficient data for previous TB
episodes and treatment for persons in our study to exclude
possible independent acquisition of MDR TB among
household members because of inadequate treatment, our
finding that >4 persons showed evidence of reinfection by
a second (i.e., different) MDR TB strain provides evidence
that there is a high risk for MDR TB exposure in this
community. HIV status was known for only =50% of the
persons in the study. Among those tested, only 3 (3%) of
102 were HIV infected and none of the 3 HIV-infected
persons were among persons in households in which
multiple introductions of MDR TB were detected. If co-
infection with HIV was common, it would be expected to
increase the probability of rapid progression to disease and
lead to higher risks of multiple cases of unlinked disease
within households. Because HIV co-infection was so rare,
it is unlikely that this explains the study results.

Our results extend findings from previous studies
showing that a substantial fraction of cohabiting persons
have independently acquired TB in the community
(13-16). In contrast to earlier studies that compared
relative contributions of within-home and community
transmission, all persons in our study had MDR TB. We
found that although 90% of households had evidence of
intrahousehold transmission, 10% had >2 independent
introductions of MDR M. tuberculosis strains from
the community. This finding suggests that the risk for
community or extrahousehold transmission of MDR TB in
Lima is high. Furthermore, it indicates that known MDR
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TB contacts initiating empirical treatment for MDR TB
treatment require access to drug susceptibility testing to
ensure that they receive the drugs to which their isolate
is susceptible. National TB programs should be wary of
applying empirical regimens on the basis of population-
level drug susceptibility data without better understanding
of the relative role of intrahousehold and community
transmission of MDR TB.
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Binary Toxin and Death after
Clostridium difficile Infection

Sabrina Bacci, Kare Mglbak, Marianne K. Kjeldsen, and Katharina E.P. Olsen

We compared 30-day case-fatality rates for patients
infected with Clostridium difficile possessing genes for
toxins A and B without binary toxin (n = 212) with rates for
patients infected with C. difficile possessing genes for A,
B, and bhinary toxin. The latter group comprised patients
infected with strains of PCR ribotype 027 (CD027, n = 193)
or non-027 (CD non-027, n = 72). Patients with binary toxin
had higher case-fatality rates than patients without binary
toxin, in univariate analysis (relative risk [RR] 1.8, 95%
confidence interval [Cl] 1.2-2.7) and multivariate analysis
after adjustment for age, sex, and geographic region (RR
1.6, 95% CI 1.0-2.4). Similar case-fatality rates (27.8%,
28.0%) were observed for patients infected with CD027 or
CD non-027. Binary toxin either is a marker for more virulent
C. difficile strains or contributes directly to strain virulence.
Efforts to control C. difficile infection should target all virulent
strains irrespective of PCR ribotype.

lostridium difficile infection (CDI) is a common cause

of health care—associated diarrhea in industrialized
countries (1), and the leading cause of intestinal infection
related to antimicrobial drug consumption (2). Clinical
manifestations range from mild to severe diarrhea,
pseudomembranous colitis, toxic megacolon, sepsis, and
ultimately death. Risk factors for CDI include duration
of hospital stay, underlying illness, age (3), and previous
use of virtually any antimicrobial drug, most frequently
cephalosporins and fluoroquinolones (4-10).

The hypervirulent fluoroquinolone-resistant C.
difficile PCR ribotype 027 North American pulsed-field
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type 1 (NAP1) (REA type BI, toxinotype III) has received
attention as the cause of increasingly severe outbreaks
and higher death rates, longer hospital stays, and frequent
relapses (8,9,11,12). However, whether it really causes
increased severity is questionable. Characteristics observed
by previous studies may be due to selection bias or to the
procedures used for diagnostic testing and reporting of
cases; disease severity was similar in 2 groups of patients
(PCR ribotype 027 and non-027) when recruitment to the
study was done without reference to clinical signs and
symptoms or PCR ribotype (13).

The pathogenicity of C. difficile is based on the action
of at least 1 of the 2 main cytotoxins (A and B) acting as
glycosyltransferases that modify guanose triphosphatases
within the intestinal epithelial cells and lead to the disruption
of the actin cytoskeleton. A recent study, which used a gene
knock-out system, reinforced the fact that toxins A and B
are comparable in terms of virulence, as shown by in vitro
cytotoxicity and virulence in vivo (14). A binary toxin C.
difficile transferase is found in some strains and belongs
to the actin-modifying adenide dinucleotide protein—
ribosyltransferases, which also impair the structure of actin
cytoskeleton in epithelial cells (15,16). The pathologic
significance of binary toxin is not yet clear. However, a
recent study reports that binary toxin not only affects
the actin cytoskeleton but also induces the formation of
microtubule-based protrusions on the surface of epithelial
cells, leading to increased adherence of bacteria (17).

Cultures positive for C. difficile are notifiable by
the diagnostic laboratories in Denmark as part of the
surveillance for gastrointestinal infections; in addition,
isolates are selected under certain criteria and submitted
to the National Reference Laboratory at Statens Serum
Institut for further typing. The aim of the present study was
to determine the case-fatality rate after diagnosis with C.
difficile, according to toxin profile and PCR ribotype.

Emerging Infectious Diseases ¢ www.cdc.gov/eid ¢ Vol. 17, No. 6, June 2011



Methods

Surveillance System and Registries

All entries to 3 national registries in Denmark (the
Danish Civil Registration System, the national Registry
of Enteric Pathogens, and the C. difficile Microbiological
Database) use a unique person registration number.
These identifiers were used for the study. The study was
retrospective, and we used a cohort design in which 4
groups of case-patients with C. difficile infection (Figure 1)
were monitored from the date of diagnosis until the date of
death or date of extraction from the registry. The study was
conducted during week 1 of 2008 through week 22 of 2009.
The unique patient identifier was used to link the registries.
None of the registries contain clinical data.

The Danish Civil Registration System contains
demographic information on all residents of Denmark and
was used to retrieve the date of death. This registry does
not contain information on the cause of death. The national
Registry of Enteric Pathogens includes weekly case-based
notifications of cultures positive for C. difficile from all
departments of clinical microbiology of regional hospitals
in the country. A second case-based database, the C.
difficile Microbiological Database, which is separate from
the Registry of Enteric Pathogens, contains information on
isolates that undergo genotypic toxin detection and PCR
ribotyping at the National Reference Laboratory at Statens
Serum Institut, Copenhagen. Isolates are forwarded by
departments of clinical microbiology if they are resistant
to moxifloxacin, if severe clinical course is observed, or if
an outbreak is suspected. These criteria were established
in 2007, when sporadic cases of C. difficile PCR ribotype
027 were found for the first time in Denmark (7). They
were reinforced in 2009, when the country experienced the
first large C. difficile PCR ribotype 027 outbreak, which
involved different hospitals of the Copenhagen Capital
Region (18). Information on which specific criteria were
used for submission of the individual isolates for subtyping
was not available. No laboratory standard for primary
diagnostics of CDI has been developed at the national
level, and clinical microbiology departments use different
methods, including environmental impact assessment,
culture, PCR, or standard cytotoxin assays.

All isolates referred to Statens Serum Institut are
genotyped to detect genes for the 3 toxins (A and B, and
binary toxin). PCR ribotyping is subsequently performed
on isolates possessing the genes for all 3 toxins (Figure
1). The methods used for genotyping of toxins and PCR
ribotyping have been described in detail elsewhere (19,20).
This study was approved by the Danish Data Protection
Board.
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Binary Toxin and Death after C. difficile Infection

Definitions

Patients were assigned to 4 groups, depending on the
characteristics of the isolates (Figure 1). Infected patients
with an isolate possessing genes for toxins A and B and
binary toxin were categorized either as C. difficile PCR
ribotype 027 (CD027) or C. difficile PCR ribotype non-027
(CD non-027). A third group included patients infected
with a strain possessing genes encoding for toxins A and
toxin B, but not the binary toxin genes (CD A and B). A
fourth group was created by subtracting the other 3 groups
from patients with C. difficile infection that were notified
to the surveillance laboratory system. Therefore, such
patients were infected with isolates not referred for typing,
presumably because the criteria for submission were not
fulfilled. We refer to this group as unselected C. difficile
unselected (CD-unselected).

Only the first episode of infection of the patient was
considered. The first episode of CDO027 overruled the
first episode of CD non-027; the first episode of CD non-
027 overruled the first episode of CD A and B; and the
first episode of CD A and B overruled the first episode of
unselected C. difficile infection. Therefore, the final dataset
included only 1 observation per patient.

Statistical Methods

Kaplan Meier survival curves were created to
determine the effect of time after diagnosis on the risk
for death. Differences between curves were compared by
using the log-rank test. Multivariate Poisson regression
was used to estimate the risk ratio of death within 30
days after diagnosis. For survival analysis, patients were
categorized into 2 groups, according to the presence or
absence of binary toxin. Analysis was performed with
STATA version 10 (StataCorp, College Station, TX,
USA). Case-patients for whom 30 days of follow-up after
infection could not be completed were excluded from the
analysis (163 cases).

I Mandatory notification of CD cases o 551 II. Mandatory submissian of CD isolates to 551

Criteria for mandatory submission:
Maoxifloxacin resistance
Suapicion of cutbreak
Severa clinical course

All cases of CDin Denmark

Method: Genotypic detection of CD taxins

cD co w_"r m“!n A GO with foxin A
and toxin B without and toxin B

and binary toxin

Method: PCR ribelyping

"CD non-027| ("CDOZT

Figure 1. Description of Clostridium difficile (CD) infections
surveillance in Denmark, with the 4 groups of C. difficile—infected
patients included in the study, week 1, 2008—-week 22, 2009. SSI,
Statens Serum Institut; R, resistance.

nanloxigenic pinary taxin

“CDAand B”

“Unselected CD" = nodified cases —
("CD A and B" # "CDO27" + "CD nen-027")
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Results

After the 2 microbiological datasets were merged,
2,299 case-patients with a first episode of infection were
identified for the 17-month study. Of the 2,299 case-
patients, isolates from 477 were referred to the national
laboratory and were genotyped for toxins; of these 265 had
genes for toxin A, toxin B, and binary toxin and were further
ribotyped by PCR. Therefore, the 4 groups of patients with
C. difficile infection used for the study consisted of 1,822
CD unselected, 212 CD A and B, 193 CD027, and 72 CD
non-027. None of the isolates were positive for genes
encoding only toxin A or B. The group of 72 CD non-027
consisted of 24 C. difficile PCR ribotype 078 (33%), 26 C.
difficile PCR ribotype 66 (36%), and 22 C. difficile PCR
ribotype 23, together with 9 other PCR ribotypes (31%).

Gender was equally distributed among the 4 groups of
patients with CD unselected, CD 027, CD non-027, and CD
A and B. The proportion of case-patients <50 years of age
was much higher in the group with CD unselected (27.1%),
compared with that of groups CD027 (4.6%) and CD non-
027 (9.7%), which had more case-patients >80 years of age
(Table 1). Most of the CD unselected, CD A and B, and
CD non-027 were submitted by local clinical microbiology
laboratories from areas not including the Capital region;
most CDO027 occurred in the Capital region, where the
outbreaks of CD027 occurred in 2008-2009 (Table 1).

The case-fatality rate 30 days after diagnosis was
independent of PCR ribotype in patients infected with
strains that were positive for the binary toxin. More
specifically, 54/193 case-patients with CD027 (28.0%,
95% confidence interval [CI] 21.8-34.9), and 20/72 case-
patients with CD non-027 (27.8%, 95% CI 17.9-39.6) died
within 30 days after infection. Case-fatality rate was 17.0%
(36/212) for the group infected with CD A and B (95%
CI 12.2-22.7) that did not possess genes for binary toxin,
and lower (13.6%) for the 247/1,822 case-patients infected
with CD unselected (95% CI 12.0-15.2). Among patients
with CD non-027, seven deaths (29.2%) in CD078 were
reported, 8 deaths (30.8%) in CD066, and 5 deaths in the

group of other PCR ribotypes. No statistically significant
difference was found between these case-fatality rates.

Kaplan Meier curves were created for 1 year after
diagnosis. A steep increase was seen in the case-fatality
rates within 30 days after the diagnosis for all groups of
patients, but especially evident for the 2 groups possessing
the binary toxin genes (Figure 2). The shape of the curve
for case-patients with binary toxin genes (CD027 and CD
non-027) almost overlapped in the first 30 days; curves
for the other 2 groups had a different shape (log-rank test,
p<0.001). The curve of the group of patients infected with
CD A and B showed an intermediate case-fatality rate as
compared with the 2 groups with binary toxin and CD
unselected. The cumulative risk of death (Kaplan Meier
function) after 60 days was 18.4% in case-patients with
CD unselected (336/1,822), 24.5% in those with CD A
and B infection (52/212), 37.1 % with CD027 (71/193),
and 30.5% with CD non-027 (22/72). After 90 days, the
cumulative risk of death rose to 20.9% for CD unselected
(381/1,822), 26.8% for CD A and B (57/212), 38.9% for
CDO027 (75/193), and 36.1% for CD non-027 (26/72).
Kaplan Meier curves were also created after excluding all
case-patients <50 years of age for all 4 groups (550 case-
patients) because of the higher proportion of patients <50
years of age in the group of CD unselected strains. The
curves showed a similar shape as compared when using
the full dataset (figure not shown, log rank test, p<0.001).
The cumulative case-fatality rate at 30 days also remained
comparable: 18.1% for case-patients with CD unselected
strains (239/1,319), 19.8% for CD A and B (36/182),
29.0% for CD027 (53/183), and 29.2% for CD non-027
(19/65).

On the basis of these observations, which showed a
similar case-fatality pattern for the groups that possessed
the genes for the binary toxin, in the regression analysis, we
combined these 2 groups with the genes for the binary toxin
(CD027 and CD non-027) into 1 group, and compared it
with the group not possessing the binary toxin (CD A and
B). Therefore, in the regression analysis, the group of CD

Table 1. Characteristics of case-patients according to group of Clostridium difficile infection, week 1, 2008—week 22, 2009, Denmark

No. (%) CD unselected,

No binary toxin Presence of binary toxin

No. (%) CD A and B, No. (%) CD 027, No. (%) CD non-027,

Characteristic n=1,822 n=212 n =193 n=72*
Male sex 796 (43.7) 100 (47.2) 87 (45.1) 31 (43.1)
Age group, y
<50 494 (27.1) 30 (14.2) 9 (4.6) 7(9.7)
50-59 166 (9.1) 14 (6.6) 8(4.1) 8(11.1)
60-69 280 (15.4) 33 (15.6) 25 (13.0) 14 (19.4)
70-79 367 (20.1) 70 (33.0) 52 (26.9) 16 (22.2)
>80 514 (28.2) 65 (30.7) 99 (51.3) 27 (37.5)
Region of local microbiology laboratory
Capital region 263 (14.4) 46 (21.7) 164 (85.0) 22 (30.5)
Other parts of Denmark 1,502 (83.4) 158 (74.4) 29 (15.0) 50 (69.4)

*Consisting of C. difficile (CD) PCR ribotype 078 (n = 24), PCR ribotype 066 (n = 26), and PCR ribotype 023 and others (n = 22).
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unselected isolates was excluded because these isolates
were not submitted for characterization.

Univariate analysis showed that the relative risk (RR)
for death within 30 days after diagnosis was 1.8 (95% CI
1.2-2.7) for case-patients infected with C. difficile that
possesses the genes for binary toxin in addition to toxin
A and B, as compared with those infected with strains
possessing only genes for toxin A and B, which provided
the reference level (Table 2). Multivariate analysis, after
adjustment for age, sex, and region, showed that the RR
became 1.6 (95% CI 1.0-2.4) for case-patients infected with
the strains encoding the genes for the binary toxin when
compared with the reference group of patients infected
with strains without the genes for binary toxin (Table 2).

Discussion

We used surveillance data to describe the case-fatality
rate after a diagnosis of C. difficile infection. We found that
the case-fatality rate is highest after infection with strains
that possess genes for the binary toxin in addition to toxins
A and B, irrespective of the PCR ribotype. Strains encoding
genes for toxins A and B, but not binary toxin, showed a
lower case-fatality risk.

A number of studies have addressed the issue of risk
for death and severity of disease after infection with C.
difficile. Overall, C. difficile PCR ribotype 027 has been
associated with more severe disease and increased death
rates. Nevertheless, many studies did not have a strict
sampling frame or appropriate epidemiologic design, and
their findings have been questioned by recent evidence
(13,21). Our results are consistent with the initial findings
that C. difficile PCR ribotype 027 is associated with elevated
risk of death, but we elaborate further on the molecular
characterization according to toxin profile. We suggest that
the previously observed high case-fatality rate observed
in C. difficile infection cannot be solely ascribed to excess
risk for death after infection with PCR ribotype 027; other
markers of virulence may be more appropriate than the PCR

Binary Toxin and Death after C. difficile Infection

% Died

0 30 90 150 210 270 330
Days after diagnosis

Figure 2. Kaplan Meier curves showing the probability of patient
survival after diagnosis of Clostridium difficile infection according to
the 4 different infection groups (log-rank test, p<0.001). Blue line,
C. difficile PCR ribotype 027; black line, C. difficile PCR ribotype
non-027; green line, C. difficile with toxins A and B without binary
toxin; red line, C. difficile unselected strains not referred for typing.

ribotype itself. The inclusion of case-patients on the basis of
clinical findings only (1,8,9,12), the different criteria used to
select strains for PCR ribotyping (13,21-23), or the lack of
differentiation in separate groups according to toxin profiles
(24) might have accounted for variation of estimates across
the studies, as well as an overestimation of the risk for death
associated with C. difficile PCR ribotype 027.

We observed a 28% case-fatality rate at 30 days for
the 2 groups possessing the binary toxin: estimates from
previous studies in Canada indicated a risk for death
of 23% for patients with C. difficile—associated disease
(CDAD), in a hospital in which C. difficile PCR ribotype
027 strain made up two-thirds of the isolates (12); or of
25% in another study involving 12 hospitals in which case-
patients with CDAD were compared with controls without
CDAD. In the latter study, 129/157 strains examined had

Table 2. Relative risk for death within 30 days after diagnosis of Clostridium difficile infection, univariate and multivariate analysis,

week 1, 2008-week 22, 2009, Denmark*

Variable No. deaths Crude risk ratio (95% ClI) Adjusted risk ratio (95% CI)
CD AandB 36 Reference Reference
CD 027 + CD non-027 74 1.8 (1.2-2.7) 1.6 (1.01-2.4)
Male sex 47 0.9 (0.6-1.2) 1.0 (0.7-1.4)
Age group, y
<50 1 Reference Reference
50-59 3 4.9 (0.5-47.2) 4.5 (0.5-43.9)
60-69 9 6.2 (0.8-48.8) 6.0 (0.8-47.3)
70-79 37 14.5 (2.0-105.8) 13.8 (1.9-100.9)
>80 60 17.4 (2.4-125.3) 15.5 (2.1-112.6)
Region
Capital 63 1.4 (1.0-2.1) 0.9 (0.6-1.2)
Other parts of Denmark a7 Reference Reference

*Cl, confidence interval; CD, Clostridium difficile.
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pulsed-field gel electrophoresis patterns identical to NAP1
(8). In the Netherlands, 12.9% lethality was reported for C.
difficile PCR ribotype 027 as compared with 7.0% in other
C. difficile PCR ribotypes non-027 (21).

A few clinical studies indicate that the production of
binary toxin correlates with the severity of CDI, rendering
the strains with binary toxin more virulent. A case—control
study conducted in 2005 included 26 patients infected with
strains producing binary toxin in addition to toxins A and
B and 42 controls infected with strains producing toxins A
and B only. Diarrhea in case-patients was more frequently
associated with abdominal pain (61.5% vs. 26.2%; p =
0.003) and with liquid stools (76.9% vs. 59.5%; p = 0.14)
(25). Another case—case study from 2007 confirmed this
tendency, showing that binary toxin—positive strains
were significantly associated with more severe CDI (RR
3.38, 95% CI 1.29-8.85) and with higher case-fatality
rates (RR 2.55, 95% CI 1.25-5.21) (26). Binary toxin—
positive strains that produced neither toxins A and B were
investigated in the rabbit ileal loop model to elucidate the
contribution of binary toxin in the pathogenesis of CDI
(27). This study showed that binary toxin contributed to
marked nonhemorrhagic fluid responses when responses
of nontoxigenic strains were compared. However, strains
that produced toxins A and B gave rise to hemorrhagic
fluid responses in this assay. In the same study, challenge
with clindamycin-treated hamsters resulted in colonization
of the binary toxin—positive strains but not diarrhea and
death as seen for the strains that produced toxins A and
B. Therefore, binary toxin may play an adjunctive role in
the pathogenesis of disease caused by strains positive for
toxins A and B (27).

Historically, C. difficile infection was not considered
a severe disease, and studies performed 15 years ago
reported case fatality rates of 3.0%-3.5% (28,29). Due to
the current laboratory surveillance system, we were able to
quantify 30-day case-fatality rate of a reference group (CD
unselected isolates not referred for typing) at 14%, which
provides an updated estimate of such baseline category.
In a registry-based study in Finland, performed before C.
difficile PCR ribotype 027 was identified in the country
for the first time, a 14.2% 30-day death rate was reported
among those discharged with a CDAD-related diagnosis
(30). In Quebec, 13.8% of deaths reported 30 days after
CDAD diagnosis were observed at the beginning of the C.
difficile PCR ribotype 027 epidemic in 2003 (9).

Many studies have reported that a consistent fraction
of the deaths occurring after C. difficile infection will be
attributable to the bacterium (1,8,12,21-23,31) and that
attributable death increases linearly with age (8,31). In
our study, we could not differentiate between death after
infection and attributable death because the registries
did not contain information on the cause of death nor
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underlying illness. An excess proportion of deaths caused
by CD027 and other strains with binary toxin corroborates
recent evidence from Canada, which showed an increased
risk for death in patients infected with the NAPI strain
(24)

Due to the availability of the national registries, we
were able to investigate the case- fatality rate for a large
cohort of patients and to get statistically significant results
when investigating groups with different toxin profiles of
the same infection. In addition, we performed multivariate
analysis adjusting for age, sex, and region. Multivariate
analysis indicated that the risk of death was increased by
60% (RR 1.6) for the strains possessing the binary toxin,
irrespective of age, sex, and region of the laboratory
submitting the isolates. Use of the registries made it possible
to design the study on an individual patient basis, not only
on isolates, and made it unlikely that deaths were missed.

The main limitations of the study were that we were not
able to collect data on underlying illness from the registries
and that the toxin gene profile of the unselected isolates
not referred for further typing was not characterized. We
accounted for the latter possible bias by excluding this
group in the regression analysis, and by using the group
toxin profiled without genes for binary toxin (CD A and
B) as the reference level. The lack of availability of data
on underlying illness means that the long-term case fatality
explored with the Kaplan Meier survival function must
be interpreted with caution. However, our estimates at
3 months after infection were comparable to those of a
previous study in which confounding caused by underlying
illness was addressed (12). Therefore, C. difficile could play
a role in risk for death in the longer term. An increase in
long-term deaths after bacterial gastrointestinal infections
has been observed (32,33). Complications of operations
performed after toxic megacolon, disruption of the colonic
flora and intestinal cells, subsequent malabsorbtion, and,
most importantly, the recurrence of infection, could be
some of the mechanisms involved in long-term deaths
after infection with C. difficile. About 19%-20% of first
episodes of infection with C. difficile will be followed by a
recurrence (34), either due to a relapse or reinfection with
another strain.

In conclusion, our registry-based study demonstrates
that patients infected with C. difficile strains possessing
the binary toxin genes and genes encoding toxins A and B
have a higher 30-day case-fatality rate, irrespective of PCR
ribotype, when compared with strains that have toxins A
and B only. Early recognition of the toxin profile might be
beneficial in terms of clinical management of the disease.
Future studies should address whether the binary toxin
or an unknown co-expressed factor might be responsible
for increased case-fatality rates. C. difficile PCR ribotype
027 can no longer be considered the only PCR ribotype
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associated with severe disease, and efforts to control CDI
should target all virulent strains of C. difficile, not only C.
difficile PCR ribotype 027.
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Invasive Group A Streptococcal
Infection and Vaccine Implications,
Auckland, New Zealand

Atheer Safar, Diana Lennon, Joanna Stewart, Adrian Trenholme, Dragana Drinkovic, Briar Peat,
Susan Taylor, Kerry Read, Sally Roberts, and Lesley Voss

We aimed to assess the effect of invasive group A
streptococcal (GAS) infection and the potential effects
of a multivalent GAS vaccine in New Zealand. During
January 2005-December 2006, we conducted prospective
population-based laboratory surveillance of Auckland
residents admitted to all public hospitals with isolation of GAS
from normally sterile sites. Using emm typing, we identified
225 persons with confirmed invasive GAS infection (median
53 years of age; range 0-97 years). Overall incidence was
8.1 cases per 100,00 persons per year (20.4/100,000/
year for Maori and Pacific Islanders; 24.4/100,000/year
for persons >65 years of age; 33/100,000/year for infants
<1 year of age). Nearly half (49%) of all cases occurred
in Auckland’s lowest socioeconomic quintile. Twenty-two
persons died, for an overall case-fatality rate of 10% (63%
for toxic shock syndrome). Seventy-four percent of patients
who died had an underlying condition. To the population in
our study, the proposed 26-valent vaccine would provide
limited benefit.

During the 2 decades since recognition of streptococcal
toxic shock syndrome (STSS), there have been many
publications on invasive group A streptococcal (GAS)
infections, some population-based (1-4). The spectrum
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of infection caused by Streptococcus pyogenes varies
widely from invasive disease, such as bacteremia, sepsis,
necrotizing fasciitis (NF), and STSS, to noninvasive
infection, most commonly pharyngitis with suppurative
complications, such as otitis media, and nonsuppurative
complications, such as acute rheumatic fever (ARF) and
acute glomerulonephritis (APSGN).

GAS infection causes a substantial number of illnesses
and deaths, especially in the developing world, with
~500,000 deaths worldwide annually, attributable mostly to
AREF and its sequelae, rheumatic heart disease, and invasive
infection (5). GAS disease and its sequelae, including GAS
pharyngitis, have been well documented in New Zealand
(6-12;  http://dnmeds.otago.ac.nz/departments/womens/
paediatrics/research/nzpsu/pdf/2008_report.pdf).

With renewed interest in GAS vaccines (13),
understanding the complete spectrum of disease, including
invasive GAS disease, in diverse populations is essential.
The vaccine most completely studied is a 26-valent vaccine
based on emm types and M subtypes collected across
GAS diseases from the United States (14). We previously
published a population-based approach of laboratory
surveillance for invasive bacterial diseases in Auckland’s
public hospitals where all persons with acute disease would
be admitted (8,15-18). Using this approach, we demonstrate
the effects of invasive GAS on the Auckland population
to complement our knowledge of other GAS-associated
diseases by using prospectively collected incidence data,
clinical characteristics, associated underlying conditions,
and the associated emm types. This study also provided
an opportunity to establish the direction of further investi-
gations and to focus interventions in New Zealand.
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Methods

Surveillance

We enrolled patients during January 1, 2005—
December 31, 2006. Patients were included if they resided
in metropolitan Auckland and had a GAS isolate cultured
from a previously sterile body cavity. Patients with STSS
were included in accordance with the consensus definition
(19); STSS also was the diagnosis for patients who were
dead on arrival or who died within 48 hours after illness
onset and for whom laboratory data were insufficient in
accordance with the methodology of Davies et al. (1). NF
was defined as tissue necrosis diagnosed by histopathologic
examination or by the treating surgeon during surgical
debridement. Patients could have had >1 diagnosis, with
the exception of bacteremia without a source. Clinical
syndromes, such as skin or soft tissue infection, had to be
accompanied by recovery of an isolate from a normally
sterile site or specimen, such as blood, to meet the case
definition. Nosocomial infection was defined as GAS
infection in patients who had been hospitalized for >72
hours. Invasive GAS infection was defined as postpartum
if it occurred in a woman who was pregnant or <30 days
after delivery or who had clinician-defined puerperal
fever, chorioamnionitis, or a septic abortion. Women from
whom GAS was isolated from amniotic fluid or placenta
alone were excluded (20). Our study was approved by the
regional ethics committee and each hospital’s research
committee and Maori research committee.

Data were collected from the microbiology laboratories
serving all 3 Auckland regional District Health Board
(DHB) hospitals, i.e., Auckland City Hospital and Starship
Children’s Hospital (Auckland DHB); Middlemore
Hospital, which includes Kidz First Children’s Hospital
(Counties Manukau DHB); and North Shore Hospital
and Waitakere Hospital (Waitemata DHB). All Auckland
residents with serious medical illness would attend 1 of
these hospitals.

Auckland (2006 population: 1,387,780), New
Zealand’s largest city, comprises one third of the country’s
population and is the country’s most ethnically diverse
city. In 2006, 19.0% of residents self-identified as Asian,
14.4% as Pacific Islander, 11.1% as indigenous Maori, and
56.5% as European. The climate is temperate, with summer
occurring during December through March. We used New
Zealand birth data for infants <1 year of age and customized
New Zealand census charts for DHBs as denominators.

We obtained demographic and clinical features by
reviewing medical charts and electronic documents. To
ensure complete surveillance, we requested International
Classification of Diseases, 10th Revision, diagnoses from
DHB data managers. We contacted the regional coroner
and forensic pathologist to seek out records of deaths
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(including deaths in the community) caused by GAS
infection and scrutinized intensive care unit (ICU) data
for diagnoses of shock from GAS, STSS, or NF. Disecase
severity was determined by length of stay, ICU admission,
and use of surgical and medical procedures.

We assigned each invasive GAS infection in the
Auckland region a deprivation score by using the New
Zealand Deprivation Index 2006 (www.moh.govt.nz).
This index measures socioeconomic status (SES) in small
areas according to 9 variables (income, income assistance,
education, access to a car and phone, household crowding,
employment, single-parent family, housing rented or
owned).

Laboratory Techniques

B-hemolytic colonies on blood agar were typed as
Lancefield group A by using commercially available latex
agglutination kits (Pro-Lab Diagnostics, Austin, TX, USA).
Group A isolates were sent to Environmental Science and
Research Laboratory (Wellington, New Zealand) for emm
typing by using established procedures (21). Concordance
between emm types and M serotypes has been established
(21). Antimicrobial drug sensitivities were determined by
routine methods (22).

Estimates of Vaccine Benefit

We used emm typing to estimate the proportion of
cases and deaths caused by emm types in the proposed
26-valent vaccine. These emm GAS types are 1, 2, 3, 5, 6,
11,12,13, 14,18, 19, 22,24, 28, 29, 33,43, 59, 75, 76, 77,
89, 92,94, 101, and 114 (14). We then calculated potential
vaccine efficacy in the most at-risk Auckland populations:
persons <5 years of age and >65 years of age.

Results

Epidemiology

During the 24-month study period, we identified 333
patients who potentially had invasive GAS infections. Of
these, we excluded 118 who did not fulfill the inclusion
criteria. The most common reasons for exclusion were
isolation from a nonsterile site or residence outside
metropolitan Auckland at the time of diagnosis. Using
the electronic discharge summaries based on International
Classification of Diseases, 10th Revision, coding, we
identified and included 10 (4%) additional cases that fit the
case definition.

The 225 patients were from all ethnic groups: European
(77 [34%] patients), Maori (69 [31%]), Pacific Islanders
(70 [31%]), and other ethnicities (7 [3%]). For 2 patients,
no information was available about ethnicity. For the 225
patients, median age was 53 years (range 0-97 years), and
119 (53%) patients were male. Ethnic disparities, although
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notable in the extremes of life, did not differ significantly
by age (Figure 1; Table 1). The 198 patients with invasive
GAS infection for whom SES information was available
were more likely to originate in areas designated by the
New Zealand Deprivation Index 2006 as lower SES areas
than in higher SES areas (Table 2). Forty-nine percent of
case-patients were from the lowest SES quintile.

Case-Fatality Rate

Twenty-two patients died, for an overall case-fatality
rate (CFR) of 10% (Figure 1, Table 3). Fourteen of these
patients died within 72 hours after hospital admission. Three
infants (one 2 months of age and two 4 months of age) who
died in the community had STSS. One death previously
had been attributed to sudden infant death syndrome.

The median age of patients who died was 62 years
(range 2 months—86 years). Eighteen adults who died had
multiple concurrent illnesses. The highest CFR (31%) was
for infants (a total of 4 deaths in three 4-month-old infants
and one 2-month-old infant); these were the only deaths
among children <15 years of age.

All infants who died had GAS-positive blood cultures.
One who died in the community also had GAS-positive
cerebrospinal fluid. Three of the 4 deaths occurred in the
community and are attributed to STSS. The illness of the
fourth (hospitalized) infant also met the criteria for STSS.
Bronchopneumonia was found at post-mortem examination
in 2 infants (1 hospitalized, 1 in the community). Two of
the infants who died in the community had additional
pathogens isolated from postmortem blood cultures
(Staphylococcus aureus in both cases and Streptococcus
pneumoniae and viridans streptococci in 1 each) but no
gram-negative organisms.

Clinical Features

The most common clinical feature was skin and soft
tissue infection (97/225; 43%) (Table 3). Of the 30 patients
with STSS, 26 (87%) had an underlying condition before the
onset of acute GAS disease. Median age at STSS occurrence
was 57 years (range 2 months—86 years). Six cases occurred
in children <5 years of age. Empyema (4 cases; p<0.0001)
and brain abscess (2 cases; p = 0.0011) occurred more
frequently in children <14 years of age than in adults. The
incidence of bacteremia with no focus of infection was
1.4 cases per 100,000 persons per year overall, but 3.7 per
100,000 for children <5 years of age (n= 7).

Seven cases of GAS postpartum infection were
recorded for women 15-49 years of age, for a rate of
0.16 cases per 1,000 live-born infants (Maori and Pacific
Islander, 0.21 cases/1,000 live-born infants). No deaths
occurred in this group. We also identified 3 premature
neonates with invasive GAS disease unrelated to cases in
adults; 1 infection was nosocomially acquired.
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Figure 1. A) Annual incidence rates for invasive group A
streptococcal (GAS) disease, Auckland, New Zealand, 2005-
2006. The black line indicates age-specific case-fatality rates for
combined ethnicities. B) Number of invasive GAS cases among
infants <24 months of age.

Risk Factors

Of the 223 patients for whom data were available, 58
(26%) had no underlying condition or other risk factor, 114
(51%) had 1 or 2 risk factors, and 64 (28%) had >3 risk
factors. In the >15-years age group, 67 (35%) had heart
disease, 60 (32% [23 Maori, 25 Pacific Islanders]) had
diabetes, and 21% had either renal disease (39 persons) or
lung disease (40 persons). Cigarette smoking was the most
common nondisease-related risk factor (56 [30%] of 189
persons >15 years of age).

Microbiological Analysis and Potential
Vaccine-Preventable Disease

GAS was most frequently isolated from peripheral
blood cultures (184 [82%]). Other sources were surgical
specimen (37 isolates), tissue specimen (18), joint
aspirate (16), pus aspirate (12), catheter blood culture
(6), peritoneal aspirate (2), cerebrospinal fluid (2), and
postmortem blood (3).

Of the 225 cases, 205 (91%) GAS isolates were
available for emm typing (Figure 2). Seventy (34%) of 205
cases had an emm type that was contained in the 26-valent
vaccine. The proposed 26-valent vaccine could prevent
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Table 1. Population-based incidence of invasive group A streptococcal disease, by age, Auckland, New Zealand, 2005-2006*

Age group, y
<1 <15 <50 >65 All ages
Population No. Rate No. Rate No. Rate No. Rate No. Rate
Maori and Pacific Islander 11 20.3 27 13.0 74 80.1 30 113.0 139 20.4
Maori 8 40.9 14 14.1 33 82.5 15 146.8 69 21.6
Pacific Islander 3 16.4 13 12.0 41 78.2 15 91.8 70 19.3
Other 2 4.1 9 2.4 53 8.9 36 15.0 84 5.3
Total 13 33.0 36 6.1 127 18.4 66 24.4 225 8.1

*Rate/100,000 population. Table includes only populations at risk. Use of a Poisson regression model indicated no evidence of a difference in the effect of
ethnicity on risk in different age groups. The incidence rate ratios for all ages of Maori compared with others was 7.60 (95% confidence interval [CI] 5.10—
11.32) and for Pacific Islanders compared with others was 8.84 (95% CI 6.17-12.65). For male vs. female, the incidence rate ratio was 1.29 (95% CI

0.96-1.74).

30% of GAS invasive cases in children <5 years of age and
15% of cases in persons >65 years of age (Table 4).

Of the 225 isolates, 1 (0.4%) was resistant to
erythromycin and 1 (0.4%) had intermediate sensitivity to
erythromycin. Three (1.3%) were resistant to clindamycin.

Disease Severity

Hospitalization was required for 222 patients (3 deaths
occurred in the community). Length of stay was >10 days
for 105 (47%); mean length of stay was 15.9 days (range
1-153 days). Thirty-eight (17%) required ICU admission
(mean length of stay 4.5 days; range 1-9 days); maximum
length of stay was 19 days. Nosocomial infection was
responsible for 12 (5%) of the 225 cases. Seventy-five
(33%) patients required at least 1 surgical procedure,
predominantly drainage, débridement, or washouts. One
patient (2 years of age) with STSS required intravenous
immunoglobulin.

Discussion

Our New Zealand study is population based and
prospective. The overall annual incidence rate for greater
Auckland of 8.1 cases per 100,000 persons per year is more
than double or triple the rate of earlier reports elsewhere
in the industrialized world. Annualized rates reported from

Table 2. Invasive GAS infection and relation with socioeconomic
status, Auckland, New Zealand, 2005-2006*
New Zealand Deprivation No. (%) confirmed invasive GAS
Index 2006t infections, n = 198
63 (32)
33 (17)
23 (12)
23 (12)
10 (5)
10 (5)
6(3)
10 (5)
15 (8)
1 5(3)
*Based on the 198 case-patients for whom socioeconomic status
information was available. GAS, group A streptococcal.

TNew Zealand Ministry of Health, www.moh.govt.nz. 10, most deprived
area; 1, least deprived area.

=
o
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other industrialized countries were 3.5 per 100,000 in 2007
in the United States (2); 1.5 in Ontario, Canada; and 3.1 in
the Netherlands (1,23).

This study was conducted in metropolitan Auckland,
where studies are ongoing to assess GAS disease, including
endemic ARF (11,12,24), APSGN (http://dnmeds.otago.
ac.nz/departments/womens/paediatrics/research/nzpsu/
pdf/2008 report.pdf), and streptococcal pharyngitis (25)
with associated emm typing. Our study was conducted
in close association with ongoing active surveillance
for ARF and its associated emm types (26) and APSGN
surveillance. Our laboratory-based surveillance was
supported by discharge data evaluation, chart review, and
coroner surveillance, which minimized underestimation of
STSS and NF. Approximately 50-70 new ARF cases (90%
in persons <20 years) occur each year in this population
(12,24) and a similar number of APSGN. The incidence of
streptococcal pharyngitis has been carefully determined in
a randomized controlled trial for ARF control at =60 cases
per 100 child-years during a 4-year period in a population
of =12,000 persons 5-19 years of age (11). This rate is
considerably higher than that documented recently from
Fiji (14.7/100 child-years) (27). Serotypes in ARF cases in
our study were diverse (emm 58, 74, 75, 76, 92, 99, and
53), mirroring an earlier report (emm 53 and 58 associated
with ARF) (28).

The annualized rate for Maori and Pacific Islanders <1
year of age (75/100,000) was similar to rates reported from
Kenya (29) and greater than the rate more recently reported
from Fiji (44.9/100,000) (27) from prospective studies.
Nearly 50% of cases occurred in the lowest SES quintile
of Auckland. Indigenous Maori and Pacific Islanders
are overrepresented in lower SES areas of Auckland.
Ethnically disparate rates for invasive GAS parallel these
findings, with overrepresentation of these groups. The
New Zealand Deprivation Index uses multiple parameters,
including housing, income, and education. In addition,
access to health care may be deficient (30,31) and perhaps
health knowledge as well. The role of crowded housing in
the population in our study has been recently documented
for epidemic meningococcal disease (32) and may have a
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Table 3. Clinical syndromes and CFRs for 225 patients with invasive GAS disease, Auckland, New Zealand, 2005-2006*

Age group, y
0-14,n =36 >15,n =189 All ages, no. (%),t

Diagnosist No. CFR No. CFR N =225 p value§
Skin and soft tissue infectionq 11 0 86 8 97 (43) 0.14
Bacteremia only 7 38 31 19 38 (16) 0.63
STSS#H** 6 671t 24 54 30 (13) 0.59
Bone infection 6 0 20 0 26 (12) 0.39
Pneumonia and other respiratory infection 12 13 12 0 24 (11) 0.0001
Necrotizing fasciitis** 1 0 19 15 20 (9) 0.21
Pelvic infection/peripartum$+ 0 0 12 0 12 (5)

*CFR, case-fatality rate; GAS, group A streptococcal; STSS, streptococcal toxic shock syndrome.

tPatients may have had >1 diagnosis, with the exception of bacteremia without a source. Other conditions (not shown) included 4 upper airway infections
6 ear/nose/throat infections, 5 central nervous system infections, 4 cases of peritonitis, 3 urinary tract infections, and 2 hemodialysis vascular access
infections. No deaths occurred in this group.

tOverall CFR 10% (22/225).

§p value calculated by using Fisher exact test, a test of difference between age groups.

fincludes cellulitis (n = 79), cutaneous abscess, boil, lymphadenitis, myositis, bursitis, infected burn, infected scabies, and infected ulcer with evidence of
documented bacteremia.

#STSS confirmed and probable (n = 3).

**Five patients had STSS and NF; 1/5 died (20% CFR).

t1Three of 6 were community deaths in infants <1 y of age.

FfIncludes pregnancy-related (n = 6) endometritis and infected products, urinary tract infection/chorioamnionitis, and wound problems.

more substantial role for GAS disease, which is considered The overall CFR from our study (10%), with a high CFR
to be even more contagious (33). The high likelihood of for STSS (63%), mirrors other studies in the industrialized
an associated risk factor in the adult population, such as a  world (2). This CFR suggests good access to hospital
chronic disease or another association, has been reported care and efficiently delivered secondary and tertiary care,

many times (1,2,27,34). including ICU admission. A recently reported CFR (28%)
Skin infections have been documented as a major from Fiji suggests otherwise from the developing world (27).
cause of illness in Auckland (35). More recently, New We included in our study all 3 infants who died in the

Zealand surveillance data (24) reported highly discrepant community and from whom GAS was cultured (37). GAS is
hospitalization rates for serious skin disease: Maori and arare finding from postmortem specimens (J. Zucollo, pers.
Pacific Islanders <15 years of age are more likely to be comm.). In all 3 cases, only gram-positive organisms were
hospitalized (unadjusted rate ratios 2.77 [95% CI 2.66— isolated (1 solely group A streptococcus from blood and
2.88] and 4.47 [95% CI 4.27-4.68], respectively) than are  cerebrospinal fluid). Studies in which careful precautions
New Zealand European children 0—14 years of age. These have been taken to reduce contamination show that
data also reflected more hospitalizations for persons living approximately two thirds of blood cultures yield negative
in the most deprived quintile (24), which most likely is results, 2 in 9 yield 1 isolate, and 1 in 9 show mixed growth.
related to poor access to primary care and perhaps health GAS infection as the sole cause of death was less certain
knowledge. High population-based rates of invasive in 2 cases in our study in which >1 potentially disease-
disease caused by methicillin-sensitive S. aureus, mostly causing species was cultured. We characterized the 3 infant
bone and joint disease, also have been documented (36). deaths as STSS according to Davies et al. (1), a definition

Figure 2. The 25 most common
= Not included in vaccine emm types as a proportion
s Included in experimental vaccine of all isolates. The remaining
——Cumulative percentage emm types were as follows:
100, 107, 25, 53, 56, 22, 18,
103, 105, 106, 108, 112, 123,
4, 51, 55, 70, 73, 77/27L,
DRX4, ST6030, STN5554,
109, 110, 12, 52, 77, 88, 97,
ST4119, ST4547, and 76.

% lsolates
9% BnEINWNY

1 91 81 49 89 92 B2 75 58 61/44 1016569104 116 87 13L 66 M3 28 41 86 5 11 33 54
emm types
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Table 4. Invasive GAS disease and fatalities potentially prevented by vaccination of infants and elderly persons with a proposed 26-

valent vaccine, Auckland, New Zealand, 2005-2006*

Assumed Assumed No. (%) persons with GAS GAS-related deaths  Potential GAS  Potential GAS-
Age group, y vaccine vaccine disease from emm typesin  from emm type in the disease related deaths
(no. emm typed) efficacy, % coverage, % the 26-valent vaccinet 26-valent vaccinet, % prevented %% prevented, %8
<5 (25) >84 801 11 (44) 1# 29.6 0.67
>65 (59) 84 60** 18 (30.5) 14 (1/7) 15 7.1

*GAS, group A streptococcal.
TAmong patients with typed isolates.

FPercentage of assumed vaccine efficacy x percentage of assumed vaccine coverage x persons with GAS disease from 26-valent emm types (based on

O’Loughlin et al. [2]).

§Percentage of assumed vaccine efficacy x percentage of assumed vaccine coverage x persons with GAS disease from 26-valent emm types x

percentage of GAS-related deaths associated with a 26-valent emm type.
fCraig et al. (24).

#0Of the 4 children <5 years of age, 2 had an emm typed isolate. Neither of these types is in the proposed vaccine. These are very small numbers.
**New Zealand Ministry of Health Immunisation Handbook (www.moh.govt.nz).

that produces higher rates of STSS and a higher CFR in
children than in other reports. We look forward to further
investigations in this area.

Current health strategies for preventing illness and
death from invasive GAS infections are limited. The rate
of nosocomial infection in our study was low. The high
rates in postpartum women and in infants require further
investigation. We were unaware of any links between cases
in our series. In New Zealand, index cases of invasive GAS
disease are not investigated by public health authorities
(38). Primordial strategies, such as of the provision of less-
crowded housing (32) and hand-washing education, need
further consideration (39).

The currently available vaccine most advanced in
clinical trials (14) comprises 26 emm types representing
population-based,  practice-based,  and  historical
assessments from the United States (14). Its applicability to
the population in our study might be less than ideal. Thirty-
four percent of disease was caused by emm types in the
proposed 26-valent vaccine. Data are accruing from other
sites (79% emm coverage with the 26-valent vaccine in the
United States, 69% in Europe, and 40% in Fiji) (4,14,27).
Our data can contribute to a recent global estimate
suggesting the current formulation of an experimental
multivalent GAS vaccine may not be ideal in areas of most
need (40). The effectiveness estimate in our study (Table
4) suggests that fewer than one third of invasive GAS cases
in children <5 years of age and perhaps 15% of cases in
persons >65 years of age could be prevented. This finding
is of particular concern in a New Zealand population where
other GAS-associated diseases cause a substantial amount
of illness and death.

The rates in our study, driven largely by high rates in
indigenous Maori and Pacific Islanders, are higher than
those previously reported from industrialized countries and
similar to reports from Fiji and Kenya. The rates suggest
a need for more investigation and planned interventions
in populations at highest risk. Our study also supports the
role of GAS as a pathogen for invasive disease, particularly
because of its effect on all age groups.
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Use of Antiviral Drugs to Reduce
Household Transmission of
Pandemic (H1N1) 2009,
United Kingdom?

Richard G. Pebody, Ross Harris, George Kafatos, Mary Chamberland, Colin Campbell,
Jonathan S. Nguyen-Van-Tam, Estelle McLean, Nick Andrews, Peter J. White, Edward Wynne-Evans,
Jon Green, Joanna Ellis, Tim Wreghitt, Sam Bracebridge, Chikwe lhekweazu, Isabel Oliver,
Gillian Smith, Colin Hawkins, Roland Salmon, Brian Smyth, Jim McMenamin, Maria Zambon,
Nick Phin, and John M. Watson

The United Kingdom implemented a containment
strategy for pandemic (H1N1) 2009 through administering
antiviral agents (AVs) to patients and their close contacts.
This observational household cohort study describes the
effect of AVs on household transmission. We followed
285 confirmed primary cases in 259 households with 761
contacts. At 2 weeks, the confirmed secondary attack
rate (SAR) was 8.1% (62/761) and significantly higher in
persons <16 years of age than in those >50 years of age
(18.9% vs. 1.2%, p<0.001). Early (<48 hours) treatment
of primary case-patients reduced SAR (4.5% vs. 10.6%,
p = 0.003). The SAR in child contacts was 33.3% (10/30)
when the primary contact was a woman and 2.9% (1/34)
when the primary contact was a man (p = 0.010). Of 53
confirmed secondary case-patients, 45 had not received
AV prophylaxis. The effectiveness of AV prophylaxis in
preventing infection was 92%.

ollowing emergence of pandemic influenza A (HIN1)
2009 in North America in spring 2009 (1,2), global
spread of the virus was rapid (3,4). In the United Kingdom,
the first confirmed cases were detected in travelers returning
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from Mexico (5). The United Kingdom implemented a
containment strategy until July 2009 that involved rapid
case ascertainment, early treatment with antiviral drugs
(AVs), and postexposure prophylaxis of patients’ close
contacts.

One key uncertainty was the transmissibility of the
virus in housechold settings. Household-based studies
of avian influenza previously provided a measure of
transmissibility of newly emerging influenza viruses and
also of the effectiveness of AVs in reducing spread (6).
Early reports on pandemic (HIN1) 2009 have provided
information on household transmission (7-11). Although
most are from settings where AVs were not used (8,10) or
where only a limited number of households were recruited
(7,9), early work suggests that AVs had some effect on
spread (11,12).

A detailed investigation of the first few 100 (FF100)
case-patients and their close contacts (13) was undertaken
across the United Kingdom beginning in April 2009 to gain
an early understanding of the clinical and epidemiologic
parameters of pandemic (HIN1) 2009 (14). Following the
publication of early FF100 findings (5,11,15), we report the
final results from =300 UK households of key household
transmission characteristics.

Methods
The FF100 study has been described in detail (15,16).
This study was a prospective investigation of the first

lElements of this work were presented at the Health Protection
Agency Annual Conference in 2009. An abstract was presented
at the International Conference on Emerging Infectious Diseases,
Atlanta, Georgia, USA, 2010.
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laboratory-confirmed cases and patients’ household
contacts to determine key parameters such as virologic and
clinical secondary attack rates (SARs) and effectiveness of
AVs.

Definitions

Three case definitions were used: 1) virologically
confirmed cases were persons testing positive for pandemic
(HINT) 2009 virus by specific reverse transcription PCR
(RT-PCR) on respiratory swab; 2) influenza-like illness
(ILI) cases were persons experiencing history of fever and
>1 respiratory symptom (dry cough, productive cough,
coryza, shortness of breath, or sneezing) within 2 weeks
of onset of the confirmed household primary case; and
3) acute respiratory infection (ARI) cases were persons
experiencing >1 respiratory symptom (as defined above)
and/or fever within 2 weeks of onset of the confirmed
household primary case. A household contact was any
person who lived in the same household as a confirmed
primary case-patient and >1 overnight stay after onset of
illness in the person who was the primary case-patient (16).

A household was defined as the primary case-patient
plus all household contacts. For a household, a virologically
confirmed primary case was the case-patient with first date
of onset within that household. A secondary case was any
case-patient with date of onset >24 hours after date of onset
of primary case. If a patient’s onset of illness was <24 hours
of onset of the primary case, it was classified as co-primary.
A similar approach was followed for clinically confirmed
secondary cases, with clinical co-primary cases excluded.

Secondary cases were defined as case-patients who
had received prophylaxis if AVs were administered <24
hours before illness onset. Any asymptomatic contact
who received AVs was classified as having prophylaxis.
For a small number of contacts with non—case-defining
symptoms before starting AVs, it was not possible to
distinguish prophylaxis and treatment. These contacts were
excluded for AV analyses.

Case Ascertainment

Initially, all patients with virologically confirmed
cases detected in the United Kingdom were included in
the FF100 dataset, and their households were followed up.
As case numbers grew rapidly, convenience sampling was
undertaken before closure of FF100 on June 21, 2009.

Collection of Epidemiologic Information

Information on case-patients was collected at 2 time
points. Initial information was collected as soon as possible
after a positive laboratory result was reported. Data were
collected directly from case-patients or their parent or
guardian by public health workers in person or by telephone
interview. Information collected included demographics,
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clinical history (date of illness onset, signs and symptoms),
medical history (including 2008-09 seasonal trivalent
influenza vaccine or AV use), and underlying medical
conditions. Inactivated trivalent influenza vaccines from
various manufacturers are used in the United Kingdom with
composition determined by World Health Organization
recommendations.

Case-patients provided details of close household
contacts. At initial interview, contacts were asked about
their contact history with the primary case-patient; clinical
history, including recent respiratory symptoms with
dates of onset and treatment; medical history, including
underlying medical conditions; and use of AVs with dates
of administration.

Daily telephone follow-up of contacts was undertaken
for 7 days. If any respiratory symptoms developed, contacts
were instructed to speak to their general practitioners for
prompt investigation, including collection of respiratory
swab specimens. Swab samples were also inadvertently
obtained from several contacts who did not have case-
defining illness. To ensure that all contacts testing positive
for pandemic (HIN1) 2009 virus were identified, the FF100
database and Health Protection Agency (HPA) laboratory
reports of confirmed cases were compared.

Final follow-up of case-patients and household contacts
was undertaken >2 weeks after to gather information on
possible complications, final outcome (e.g., illness, death,
and recovery), and use of AVs and antimicrobial drugs. For
scheduled telephone follow-up, calls were attempted for
a minimum of 3 consecutive days before the patient was
classified as lost to follow-up. Information was gathered on
a hard-copy questionnaire or entered directly into a Web-
enabled database. Data verification and quality assurance
were undertaken through standard data entry checks,
double entry, and internal and external consistency checks.

Statistical Analysis

Single-person households were excluded from
household analysis. SAR was calculated for clinical illness
(ILT and ARI) and confirmed infection. The cumulative
household SAR was defined as the total number of
secondary cases in a household divided by number of
household members at risk (excluding primary and co-
primary cases) 14 days after onset in the primary case-
patient. Household SAR was calculated by age group (<16
years, 16—49 years [reference group], >50 years), gender,
AV prophylaxis (yes or no), and timing of treatment for
the primary case-patient (<48 hours vs. >48 hours) through
univariate logistic regression analyses for the different
endpoints. Multivariate analyses were also performed,
adjusted for the aforementioned variables, and model fit
assessed by using the Hosmer-Lemeshow goodness-of-fit
test. Because confirmed SAR may be affected by failure
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to obtain swabs from symptomatic contacts, observed
positivity rates in the ARI and nonsymptomatic groups
were used to adjust for this possibility.

A survival analysis was undertaken to determine the
effect of prophylaxis on household SAR while accounting
for timing of administration. A contact enters the model
with time zero at index onset, and survival time is defined
up until onset of disease in the contact (failure), or excluded
at the end of the 2-week follow-up period. AV prophylaxis
exposure was treated as a time-varying covariate, and
for each contact, survival time was split into pre-AV and
AV prophylaxis periods. The hazard ratio of becoming a
secondary case-patient when AV prophylaxis was given
was estimated by using Cox regression, adjusted for age,
sex, and AV treatment of the primary case-patient <48
hours. This approach accounted for prophylaxis not usually
being given to contacts until the case-patient was identified
by health services.

Laboratory Confirmation

Respiratory samples from influenza patients were
analyzed for pandemic influenza A (HIN1) 2009 and
seasonal influenza viruses by RT-PCR. Combined nose
and throat swab specimens were collected from patients
who had signs and symptoms of suspected infection.
These specimens were sent to a designated UK laboratory
performing real-time RT-PCR for pandemic (HIN1) 2009
virus. Pandemic (HIN1) 2009 diagnosis was confirmed
before June 2009 by sequencing the influenza A PCR
amplicon (17), and from June onwards by real-time PCR of
a swine lineage N1 (18).

Ethical Considerations

This observational study was undertaken as part
of management of a national outbreak. The work was
done under National Health Service Act 2006 (section
251), which provides statutory support for disclosure of
such data by NHS and data processing data by HPA for
communicable disease control. Health Protection Scotland
remains embedded as part of NHS, and outbreak and
investigation data were shared as part of the coordination
of national outbreaks.

Results

Recruitment and Follow-up of Households

A total of 322 confirmed primary and co-primary
case-patients were identified in 296 households (Figure
1). Of these 296 households, 37 were single-person. Case-
patients from single-person households were older (mean
age 27.4 vs. 19.7 years in other households; p = 0.003) with
a nonsignificant trend toward males (64.9% vs. 50.2%; p
= 0.092). Single-person households were excluded from
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Figure 1. Flowchart of pandemic (HIN1) 2009 case-patients and
household contacts, including contacts with respiratory symptoms,
contacts from whom swab specimens were collected, and PCR
result, United Kingdom, 2009. *Symptom onset date <2 weeks
after index case-patient symptom onset; 746 persons had symptom
onset date >2 weeks after index case-patient and 4 had missing
symptom onset date; 5 persons had swabs taken >2 weeks after
index case-patient symptom onset and 3 had positive test results;
82 persons (neither positive) had swabs taken >2 weeks after
index case-patient symptom onset; 13 persons (none positive) had
swabs taken >2 weeks after index case-patient symptom onset.

further analysis, leaving 259 primary and 26 co-primary
case-patients in 259 households (Figure 1).

The total number of household contacts identified was
866. Of these, 105 (12.1%) declined to participate or were
lost to follow-up (Figure 1), with no significant differences
in age (p = 0.32) and sex (p = 0.47) between those followed
and not followed up. Distribution of household sizes,

primary cases, contacts, and secondary cases is shown in
Table 1.

Household and Primary Case-Patient Characteristics

Average household size was 4 people (SD =2.1), with
a median size of 4 (interquartile range [IQR] 3-5) (Table
1). A comparison of age, gender, and AV use of primary
case-patients, co-primary case-patients, and contacts is
provided in Table 2.

Of'the primary case-patients, 245 (95.7%) had received
AV treatment (of whom 116/118 with information had
received oseltamivir). Among treated case-patients, 104
(42.4%) had started treatment <48 hours of disease onset,
with median time to AV treatment of 3 days (IQR 1-5).

Household Close Contacts

The age and gender distribution of the 761 followed-up
household contacts are summarized in Table 2. Information
on AV prophylaxis was available for 587 contacts (Tables
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Table 1. Household size of case-patients with pandemic (H1N1) 2009 virus infection, United Kingdom, 2009

No. primary and co-primary

No. persons in household No. households

case patients

No. contacts No. secondary case-patients

2 42 44 40 2
3 46 51 87 6
4 76 81 223 15
5 28 31 109 7
6 18 20 88 2
7 12 17 67 13
8 7 10 46 5
9 4 4 32 1
10 4 5 35 6
11 2 2 20 2
15 1 1 14 3
Total 240 266 761 62

2, 3); of the 444 contacts who named the AV they received,
435 received oseltamivir. Mean number of days from
onset in the primary case-patient to starting prophylaxis in
contacts was 4.4 days (SD 4.9, median 4 days, IQR 2-6
days) (Figure 2). Compliance for use of AVs found 255
contacts with information on prophylaxis start and end
dates, with a median time to receiving AV of 9 days (IQR
8-10). Only 8 contacts received treatment for <5 days.

Household Secondary Attack Rates

Household contacts in whom respiratory symptoms
developed within 2 weeks and from whom swab samples
were collected are summarized in Figure 1. Overall, of 761
household contacts, 166 had ARI symptoms, 62 of whom
were confirmed secondary case-patients, with a SAR of
8.1% (Table 4). Among those without ARI, 43 provided
swab samples, 6 of whom had positive test results. The
positivity rate in those with and without ARI that were
tested was projected onto non-swabbed ARI patients to
give an adjusted confirmed SAR of 13.8%. The SAR,
adjusted for age and sex, was 16.7%.

Univariate analysis revealed a significantly higher
confirmed SAR for patients aged <16 years and for those
1649 years, compared to those >50 years. The SAR in
male patients was higher than female patients, but the
difference was not significant (Table 4). Most secondary
case-patients (86.8%, 45/53) had not received prophylaxis;
contacts who had not received AV prophylaxis had a
significantly higher confirmed SAR than those who had
(Table 4). Contacts who received prophylaxis <2 days after
onset in the primary case-patient had a nonsignificantly
higher SAR than those who received therapy later (Table
3), although the study did not have sufficient statistical
power to detect such differences. The confirmed SAR was
significantly lower in contacts whose primary case-patient
had received treatment <48 hours of onset rather than after
48 hours (Table 4).

The confirmed SAR by age of primary case-patients is
shown in Table 5. Confirmed SAR was high among those
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<16 years of age, whether the primary case-patient was a
child or an adult. Similarly, SAR was low among adults,
whether the primary case-patient was a child or an adult
(Table 5). When transmission from adults to children was
analyzed by gender, a significant difference was found for
SARs in children according to sex of the adult primary
case-patient: 33.3% (10/30, 95% confidence interval [CI]
17.3-52.8) for female primary case-patients and 2.9%
(1/34, 95% CI 0.1-15.3) for men (odds ratio 16.5, 95% CI
2.0-138.8; p=0.010).

Multivariate analysis shows the adjusted odds for a
virologically confirmed secondary case were significantly
higher for children <16 years of age than for adults. In
addition, contacts who received AV prophylaxis had a
significantly reduced risk of confirmed infection than those
not treated (Table 4). Finally, the adjusted odds of a secondary
case-patient were significantly lower when the primary case-
patient had received treatment <48 hours of onset.

SAR for Clinically Confirmed Cases of ILI and ARI

For the ILI outcome, 259 households yielded an
additional 16 cases defined as co-primaries. Seventy-eight
clinically confirmed secondary cases occurred among

Table 2. Primary and co-primary confirmed case-patients with
pandemic (H1IN1) 2009 virus infection and household contacts,
by sex, age, and prophylaxis status, United Kingdom, 2009*

No. (%) primary and co- No. (%)
Variable primary case-patients contacts
Sex, n=1,030
M 143 (50.2) 364 (48.9)
F 142 (49.8) 381 (51.1)
Age,y
<16 154 (54.0) 212 (27.9%)
16-49 114 (40.0) 378 (49.7)
>50 17 (6.0) 171 (22.5)
Prophylaxis, n = 843
No 253 (98.8) 132 (22.5)
Yes 3(1.2) 455 (77.5)
Total 285 761
*n = 1,046 except as indicated.
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Table 3. Confirmed SAR of pandemic (H1IN1) 2009 virus infection, according to time antiviral drug prophylaxis began after onset of
illness in primary case-patient, plus timing of secondary cases after onset of primary case, United Kingdom, 2009*

No. No. secondary case- No. (%) secondary case-patients

Timing contacts patients at 14 d SAR, % (95% CI) 2d 3-4d 5-7d >7d
No prophylaxis 143 45 31.5 (24.0-39.8) 15 12 10 8
Day 0 57 1 1.8 (0.0-9.4) 0 0 1 0
Days 1-2 (<48 h) 81 4 4.9 (1.4-12.2) 0 3 1 0
Day 3-7 (inclusive) 214 3 1.4 (0.3-4.0) NA 0 3 0
>7d 92 0 0.0 (0.0-3.9) NA NA NA 0
Total case-patients 587 53 9.0 (6.8-11.7) 15 (2.6) 15 (2.6) 15 (2.6) 8(1.4)

*SAR, secondary attack rate; Cl, confidence interval; NA, not applicable.

745 contacts for an overall household ILI SAR of 10.5%
(Table 6).

For the ARI outcome, a further 26 ARI cases were
defined as co-primaries. In the 259 households, of 719
contacts, 120 secondary case-patients resulted for an ARI
SAR 0f 16.7% (Table 7). The effect of age, AV prophylaxis
of contacts, and early treatment of case-patients were
generally similar for both ILI and ARI clinical endpoints
compared to virologically confirmed endpoints in both
univariate and adjusted analysis (Tables 6, 7).

Survival Analysis of Prophylaxis

The hazard ratio (HR) of becoming a confirmed
secondary case-patient when receiving AV drugs was 0.08
(95% CI 0.02-0.27). Results were similar after adjusting
for AV treatment of the primary case-patient, age, and
sex (HR 0.09, 95% CI 0.03-0.32). When looking at ILI
endpoint, the unadjusted HR was 0.27 (95% CI 0.13-0.56)
and adjusted HR was 0.27 (95% CI 0.13-0.57) and for
ARI, the unadjusted HR was 0.31 (95% CI 0.18-0.52)
and adjusted was 0.27 (95% CI 0.15-0.48). The Kaplan-
Meier plots for the 3 endpoints are shown in Figure 3 and
multivariate survival analysis results in Table 8.

In most households, either all members received
prophylaxis (122/206,59.2%) ornone atall (30/206, 14.6%).
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Figure 2. Days from symptom onset date of household primary
case-patient with pandemic (H1N1) 2009 virus infection until
antiviral prophylaxis started, N = 352, United Kingdom, 2009.
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In discordant households, where some received prophylaxis
and some did not (54/206, 26.2%), virologically confirmed
SAR was similar to the main analysis: the SAR was 41.7%
(95% CI 30.8%—53.4%) in those not receiving and 3.2%
(95% CI 0.9%-7.9%) in those receiving prophylaxis.
Survival analyses were repeated to allow for clustering
within households, with the ClIs being marginally wider.

Discussion

This study involved the prospective follow-up
of households during the UK containment phase for
pandemic (HIN1) 2009. We found a moderately high,
virologically confirmed SAR with higher clinical (ILI and
ARI) endpoints. Age-specific differences for SARs were
significant; the SAR was highest among children. The SARs
for child contacts were higher when adult women were the
primary case-patients than when men were. Finally, most
secondary case-patients had not received AV prophylaxis,
and AV administration to household contacts substantially
reduced the risk for infection.

This study found an overall virologically confirmed
household SAR of 8%, similar to results for an earlier
study involving the FF100 (11): SAR reached 34% among
contacts who did not receive AV prophylaxis. The SAR
increased further for clinical endpoints. These SARs
for those who did not receive AVs compare to results of
a study in Kenya which reported a confirmed household
SAR of 26% (10) in a population without widespread use
of AV prophylaxis. Another study in Japan (7), where
>90% of contacts had received AV prophylaxis, reported
a virologically confirmed SAR of only 5%. Other studies
have used clinical endpoints, such as in the United States
(8), where a clinical SAR of 10% was reported after 7 days.
These findings compare to household SARs found for
seasonal influenza in historical studies, ranging from 18%
(19) to 22% (20). Although these studies had similar design,
there are several possible explanations for our results,
such as differences in case definition, a different period of
follow-up, differences in ascertainment of secondary cases,
and differences in AV use. Our observed SAR among
those who did not receive prophylaxis is higher than that
previously observed for seasonal influenza and suggests
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Table 4. Univariate and multivariate analysis of pandemic (H1N1) 2009 virus infection SAR for virologically confirmed cases of
pandemic (H1IN1) 2009 virus infection, by gender, age group, and prophylaxis, United Kingdom, 2009*

No. No. secondary Univariate analysis Multivariate analysis

Variable contactst  case-patients SAR, % (95% CI) p valuef OR (95% ClI) p value
Sex, n =745

M 364 37 10.2 (7.5-13.7) 1.0, baseline

F 381 25 6.6 (4.0-10.7) 0.08 1.0 (0.5-2.0) 0.96
Age, y

<16 212 40 18.9 (14.2-24.7) 18.2 (3.9-85.5)

16-49 378 20 5.3 (3.1-9.0) 3.5(0.7-16.2)

>50 171 2 1.2 (0.3-4.7) <0.001 1.0, baseline <0.001
Prophylaxis, n = 587

No 143 45 31.5 (24.4-39.5) 1.0, baseline

Yes 444 8 1.8 (0.8-3.9) <0.001 0.05 (0.02-0.09) <0.001
Primary case-patient treatment

>48 h 453 48 10.6 (8.1-13.8) 1.0, baseline

<48 h 308 14 45 (2.5-8.1) 0.003 0.30 (0.13-0.68) 0.004
Total 761 62 8.1 (6.4-10.3)

*n = 761 except as indicated. Hosmer-Lemeshow goodness-of-fit test for multivariate model, p = 0.751. SAR, secondary attack rate; Cl, confidence

interval; OR, odds ratio.
TExcludes co-primary cases.
fIndicates overall p value for differences by group.

a substantial proportion of close contacts were infected
with pandemic (HIN1) 2009 virus. Serologic studies will
provide important insights into the rates of infection (both
symptomatic and asymptomatic in a household setting).

Recent publications have explored the possibility of
using household data to estimate AV effectiveness for
seasonal influenza (21,22). Our study provides evidence
that AV prophylaxis of household contacts significantly
reduces SAR for all endpoints, updating earlier work (11).
Most secondary cases occurred in contacts who had not yet
received AV prophylaxis after onset of illness in the primary
case-patient, with a very high SAR observed in those that
had not received AV for all endpoints, due to the delay for
many before prophylaxis was started. The adjusted survival
analysis took into account the confounding effect of time
to prophylaxis and demonstrated that AVs are effective for
all endpoints. Other studies in Japan (7), the United States
(9,12), Hong Kong, China (23), and Germany (24) have
attempted to determine the effectiveness of postexposure
prophylaxis for pandemic influenza. Most show a
statistically nonsignificant positive effect of AVs (7,9).
Studies concerning AV effectiveness for seasonal influenza,
in particular a large placebo-controlled household study,
found that postexposure prophylaxis reduced the incidence
of infection in close household contacts by 89% (25). Our
study demonstrates that timely administration of AVs
to close contacts provides significant protection against
clinical disease.

Our study found clear age-specific differences in SAR,
with a much higher household SAR in children than in the
elderly. This age-specific pattern is also replicated, at least
partially, by seasonal influenza: Longini reported a SAR of
24% in those <18 years of age and a rate of 14% in those
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>18 years (26). The high household SARs in children in the
present study, illustrates the susceptibility of this subgroup
and is consistent with general practice consultation data,
laboratory surveillance data, and results of school outbreak
investigations (27,28). The observation of very low SAR
in those >50 years, who have also had household exposure
to a confirmed case, demonstrates protection afforded
by cross reacting HIN1 influenza antibodies from prior
exposure to HINT subtypes circulating in the period before
1957 (29,30).

This study found that SAR was significantly lower
when the primary case-patient had received rapid AV
treatment, before and after adjustment for prophylaxis
of contacts. The observation is biologically plausible as
studies demonstrate early AV use reduces virus shedding
(31). This may translate into reduced likelihood of
secondary transmission and supports rapid treatment of
patients to reduce household transmission. The observation
that SARs from child to child and from adult to child
(>20%) were similar, yet at least 4-fold higher than from
child to adult or adult to adult, is also consistent with the
increasing prevalence of cross-reacting antibodies against
pandemic (HIN1) 2009 virus with age (32). Children are

Table 5. Pandemic (H1N1) 2009 virus infection SAR, by age of
patient with virologically confirmed primary case, United
Kingdom, 2009*

No. No. secondary SAR, %
Transmissiont contacts  case-patients (95% ClI)
Child to child 148 29 19.6 (13.5-26.9)
Child to adult 318 9 2.8 (1.3-5.3)
Adult to adult 231 13 5.6 (3.0-9.4)
Adult to child 64 11 17.2 (8.9-28.7)

*SAR, secondary attack rate; Cl, confidence interval.
tPrimary case-patient to contact.
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Table 6. Univariate and multivariate analysis of pandemic (H1N1) 2009 virus infection SAR for clinically confirmed cases of influenza-
like illness, by gender, age group, and prophylaxis, United Kingdom, 2009*

No. No. secondary Univariate analysis Multivariate analysis

Variable contactst  case-patients SAR % (95% CI) p valuef OR (95% ClI) p value
Sex, n =730

M 357 33 9.2 (6.7-12.7) 1.00, baseline

F 373 45 12.1 (7.9-18.1) 0.22 2.6 (1.4-4.9) 0.003
Age group, y

<16 204 38 18.6 (13.9-24.6) 7.8 (2.7-22.1)

16-49 371 32 8.6 (5.4-13.5) 2.7 (1.0-7.4)

>50 170 8 4.7 (2.2-9.8) <0.001 1.00, baseline <0.001
Prophylaxis, n = 573

No 129 56 43.4 (35.1-52.1) 1.0, baseline

Yes 444 18 4.1(2.3-7.1) <0.001 0.05 (0.02-0.09) <0.001
Primary case-patient treatment

>48 h 445 55 12.4 (9.6-15.8) 1.0, baseline

<48 h 300 23 7.7 (4.7-12.2) 0.040 0.78 (0.42-1.48) 0.458
Total 745 78 10.5 (8.5-12.9)

*n = 745 except as indicated. Hosmer-Lemeshow goodness-of-fit test for multivariable model, p = 0.291. SAR, secondary attack rate; Cl, confidence

interval; OR, odds ratio.
TExcludes co-primary case-patients.
fIndicates overall p value for differences by group.

known to excrete influenza virus in higher titers and for a
longer period than adults (33,34), and social play between
children often entails very close contact, so an SAR of 21%
from child-to-child is expected. The SAR, however, for
adult-to-child transmission was just as high, particularly
among female primary case-patients, which suggests that
despite lower virus titers and shorter duration of excretion,
women transmitted pandemic (HIN1) 2009 infection as
efficiently as child primary case-patients. This suggests
adult respiratory hygiene is suboptimal in the home
environment.

This study has several strengths: this is one of the
largest pandemic influenza household studies published
to date, and active follow-up was undertaken with daily

telephone calls to ensure timely clinical investigation with
swab collection to maximize case ascertainment. There are,
however, limitations. First, not all those who had respiratory
symptoms develop had throat swabs done, leading to
under-ascertainment of confirmed secondary case-patients.
Adjustments have been made to account for this. Second,
case finding was based on a screening algorithm requiring
fever. Thus, primary cases of pandemic influenza without
fever would have been excluded; however, all clinical
endpoints were gathered from secondary case-patients.
Third, this article presents information only on clinical and
virologic endpoints. There is now evidence that a substantial
proportion of persons exposed to a primary case-patient will
have asymptomatic or very mildly symptomatic infection.

Table 7. Univariate and multivariate analysis of pandemic (HIN1) 2009 SAR infection for acute respiratory infection, by gender, age

group and prophylaxis, United Kingdom, 2009*

No. No. secondary

Univariate analysis Multivariate analysis

Variable contactst  case-patients SAR, % (95% CI) p valuef OR (95% ClI) p value
Sex, n =704

M 339 56 16.5 (12.9-20.9) 1.0, baseline

F 365 64 17.5 (12.5-24) 0.72 1.9 (1.0-3.5) 0.04
Age,y

<16 194 49 25.3 (15.4-38.6) 7.0 (3.0-21.0)

16-49 359 56 15.6 (9.2-25.2) 3.6 (1.5-8.8)

>50 166 15 9.0 (5.5-14.4) <0.001 1.0, baseline 0.001
Prophylaxis, n = 549

No 106 80 75.5 (66.4-82.7) 1, baseline

Yes 443 34 7.7 (4.5-12.7) <0.001 0.02 (0.01-0.03) <0.001
Primary case-patient treatment

>48 h 435 79 18.2 (14.8-22.1) 1, baseline

<48 h 284 41 14.4 (10.1-20.3) 0.019 1.7 (0.9-3.1) 0.11
Total 719 120 16.7 (14.1-19.6)

*n = 719 except as indicated. Hosmer-Lemeshow goodness-of-fit test for multivariate model, p = 0.392. SAR, secondary attack rate; Cl, confidence

interval; OR, odds ratio.
TExcludes coprimary case-patients.

FIndicates overall p-value for differences by group.
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Figure 3. Kaplan-Meier graphs of days from symptom onset in index case-patient until onset of symptoms in secondary case-patients,
United Kingdom, 2009. A) Virologically confirmed pandemic (H1N1) 2009; B) clinical influenza-like iliness; C) acute respiratory infection.

This requires serologic investigation (30). Fourth, because
data were captured as part of the acute public health
response, data gathering was undertaken through multiple
interviewers. Missing data were minimized by final follow-
up of case-patients and contacts, and the demographic
profile was not indicative of a systematic bias that might
invalidate the results. Fifth, if a primary case-patient was
confirmed quickly, their contacts may have avoided further
contact, whereas if the primary case-patient was identified
later, close contact may not have been avoided. However,
a time-varying survival analysis found no significant
difference for contacts not receiving AV. Sixth, information
concerning prior respiratory disease in contacts was not
gathered, and some persons may have had prior exposure to
pandemic (HIN1) 2009. However, this is unlikely because
pandemic transmission was not yet widespread when
our data were collected, and this should not have been a
major potential confounding factor. Finally, we assumed

household secondary case-patients acquired their infection
after contact with a defined primary case-patient in the
household, rather than in the community. Although more
advanced statistical methods do exist to take into account
these competing transmission risks (26,35), this study was
undertaken at a stage when community transmission was
limited so this contribution is assumed to be minimal.

In conclusion, we demonstrate transmission of
pandemic influenza in the household setting in the United
Kingdom during the containment phase. Household
SARs were generally higher than those of seasonal
influenza. Timely AV treatment of primary case-patients
and prophylaxis was effective in protecting household
contacts, although delayed administration of AV did allow
spread. Prompt AV administration (either as treatment or
prophylaxis) reduces symptomatic SARs.

Table 8. Multivariable survival analysis of for pandemic (H1IN1) 2009 virus infection SAR with virologic, influenza-like-iliness, and acute
respiratory infection endpoints, by gender, age group, and prophylaxis, United Kingdom, 2009*

Hazard ratio (95% confidence interval)

Variable Virologic Influenza-like illness Acute respiratory infection
Sex
M 1 (reference) 1 (reference) 1 (reference)
F 0.97 (0.56-1.69) 1.77 (1.08-2.89) 1.30 (0.90-1.90)
Age,y
<16 4.23 (2.35-7.62) 2.78 (1.68-4.61) 1.90 (1.29-2.81)
16-49 1 (reference) 1 (reference) 1 (reference)
>50 0.33 (0.08-1.42) 0.47 (0.18-1.22) 0.54 (0.29-1.00)
Antiviral drug prophylaxis
Untreated 1 (reference) 1 (reference) 1 (reference)
Treated 0.09 (0.03-0.32) 0.27 (0.13-0.57) 0.27 (0.15- 0.48)
Index case-patient treatment
>48 h 1 (reference) 1 (reference) 1 (reference)
<48 h 0.45 (0.23-0.87) 0.72 (0.42-1.23) 0.99 (0.66-1.50)

*SAR, secondary attack rate.
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Pandemic (H1N1) 2009 Risk for
Frontline Health Care Workers

Caroline Marshall, Anne Kelso, Emma McBryde, lan G. Barr, Damon P. Eisen, Joe Sasadeusz,
Kirsty Buising, Allen C. Cheng, Paul Johnson, and Michael Richards

To determine whether frontline health care workers
(HCWs) are at greater risk for contracting pandemic (H1N1)
2009 than nonclinical staff, we conducted a study of 231
HCWs and 215 controls. Overall, 79 (17.7%) of 446 had a
positive antibody titer by hemagglutination inhibition, with
46 (19.9%) of 231 HCWs and 33 (15.3%) of 215 controls
positive (OR 1.37, 95% confidence interval 0.84-2.22). Of
87 participants who provided a second serum sample, 1
showed a 4-fold rise in antibody titer; of 45 patients who
had a nose swab sample taken during a respiratory illness,
7 had positive results. Higher numbers of children in a
participant’s family and working in an intensive care unit
were risk factors for infection; increasing age, working at
hospital 2, and wearing gloves were protective factors. This
highly exposed group of frontline HCWs was no more likely
to contract pandemic (H1N1) 2009 influenza infection than
nonclinical staff, which suggests that personal protective
measures were adequate in preventing transmission.

Australia was affected early inthe (HIN1)2009 influenza
pandemic with 37,636 cases and 191 deaths reported.
The state of Victoria was the first to observe a substantial
peak in the number of persons infected (1). The pandemic
was managed within the framework of the Australian
Health Management Plan for Pandemic Influenza (2).
Guidelines for use of personal protective equipment (PPE)
were established in the Victorian Health Management Plan
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for Pandemic Influenza (3). Recommendations included
use of N95 masks, gloves, protective eyewear, and long-
sleeved gowns.

Influenza in health care workers (HCWs) is common,
and acquisition in the workplace is well documented. An
uncontrolled study found that after an influenza epidemic
in Glasgow, Scotland, 120 (23.2%) of 518 HCWs
seroconverted (4). Early in 2009, twelve HCWs with
probable or possible work place acquisition of pandemic
influenza were reported in the United States. None had
worn full PPE (5).

That HCWs may be concerned about attending work
during a potentially serious influenza pandemic is not
surprising. During the severe acute respiratory syndrome
outbreak of 2003, some HCWs reportedly stayed at home
for fear of becoming infected and transmitting infection
to family members. A number of surveys have found that
16%—-33% of HCWs may not report to work in the event of
an influenza pandemic (6-9).

HCWs need to know the transmission risks to make
rational decisions about working during an influenza
pandemic. Because HCWs are exposed in the community as
well as the workplace, they should know about the additional
risks for contracting influenza at work. This information is
also imperative for pandemic workforce planning.

We sought to determine whether frontline HCWs
were at greater risk for contracting pandemic (HINTI)
2009 influenza than the control group. Additionally, we
sought information on factors that may have increased or
decreased the risk for infection.

Methods

We conducted a cohort study, comparing frontline
HCWs with intensive patient contact (clinical) and staff
with no patient contact (nonclinical). Frontline HCWs

Emerging Infectious Diseases ¢ www.cdc.gov/eid « Vol. 17, No. 6, June 2011



were defined as those who worked >1 shift per week and
had likely exposure to patients with pandemic influenza
infection. These workers included doctors, nurses, and
physiotherapists, as well as others in the emergency
department, intensive care unit, infectious diseases
units, and respiratory and other wards where patients
with suspected pandemic influenza were housed. Staff
members who had no clinical contact were chosen as a
convenient surrogate for a community control group.
These workers included university and hospital staff in
nonpatient contact areas such as the library, information
technology, and administration. This study was approved
by the Human Research Ethics Committees at each of
the hospitals and all participants gave written informed
consent. The study was conducted from August 24, 2009,
through December 16, 2009.

Four tertiary referral hospitals in metropolitan
Melbourne were involved: Royal Melbourne, St Vincent’s,
Austin, and Alfred Hospitals. At all sites, patients with
suspected or confirmed pandemic influenza infection were
cared for in negative pressure isolation rooms when they
were available, and in private rooms when they were not.
Institutional infection control policies directed that gloves,
gowns, goggles, and masks be used when caring for these
patients. Use of N95 masks was initially recommended in
all hospitals, although hospital 1 changed to surgical masks
after June 16, 2009. Hand hygiene with an alcohol-based
product and respiratory etiquette were promoted at all
hospitals.

The progression of the pandemic in Victoria is shown
in Figure 1. The original research plan was to obtain 2
serum samples, 3 months apart, from all participants to test
for seroconversion and also to obtain weekly nose swabs for
pandemic influenza detection by using real-time PCR. By
the time the study commenced, the pandemic was waning,
influenza cases were decreasing in Victoria, and following
the original study plan was not considered feasible.

The plan was thus modified. An initial serum
sample was obtained from all participants to measure for
pandemic influenza antibodies. At study entry, participants
completed a Web- or paper-based questionnaire that
requested information on demographic characteristics,
known influenza exposures outside the workplace, and any
history of fever or respiratory symptoms occurring during
the pandemic but before the study. In addition, the clinical
group was asked about work exposure to patients with
suspected pandemic influenza and their usual use of PPE
when caring for these patients. Participants were also asked
about use of neuraminidase inhibitors (NIs) and specifically
whether they received prophylaxis after exposure to a
patient with confirmed influenza.

Participants were instructed to provide nose swab
specimens for viral testing if they experienced signs and
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Figure 1. Notified cases of laboratory confirmed pandemic (H1N1)
2009, by week, Victoria, Australia, 2009. Arrows indicate dates
when this study and vaccination commenced. Data provided by
Victorian Department of Health, 2010.

symptoms, including cough, sore throat, rhinorrhea,
laryngitis, fever, myalgias, or headache. All were asked
to complete a weekly questionnaire regarding symptoms,
influenza exposure, and use of NIs. If a participant reported
respiratory illness, a second serum sample was requested
for antibody testing to document possible seroconversion.
Serum was tested for antibodies to pandemic (HINT1)
2009 influenza virus by using the hemagglutination
inhibition assay with A/California/7/2009 virus and turkey
red blood cells (10). A titer of <40 was defined as negative
and >40 as positive. Nucleic acid detection was performed
on nasal swabs by using reverse transcription PCR (RT-
PCR) for influenza-specific and pandemic (HIN1) 2009
virus—specific sequences on swabs; kits were provided by
the Centers for Disease Control and Prevention (Atlanta,
GA, USA) (11) and an ABI-7500FAST instrument at the
World Health Organization (WHO) Collaborating Centre
for Reference and Research on Influenza in Melbourne.

Statistical Analysis

On the basis of early estimates of antibody positivity
to pandemic influenza virus in the community, we assumed
20% infection rates in clinical staff and 10% rates in
nonclinical staff. We calculated that 438 participants were
required to achieve 80% power to detect this difference
using a 0.05 two-tailed significance level. The primary
outcome was the presence of a positive antibody titer in the
first serum sample, indicating likely pandemic influenza
infection.

We performed 2 separate univariate and multivariate
analyses to delineate putative risk and protective factors
(1 included all participants and the other included clinical
participants only) to investigate any association between
health care—specific risk factors and pandemic influenza.
Multivariate analysis was performed by using forward
and backward stepwise logistic regression, including all
variables in the model initially and a p value for removal
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of 0.1 and for entry of 0.2. Data were analyzed by using
StatalC10 (StataCorp., College Station, TX, USA).

Results

The study took place from August 24, 2009, through
December 16, 2009, largely before release of the pandemic
influenza vaccine, and no participant was vaccinated during
the study. Table 1 shows the number of patients who had
confirmed pandemic influenza infection (by PCR) and were
treated in each of the hospitals. Characteristics of study
participants are shown in Table 2.

A total of 446 HCWs participated in the study, 231
in the clinical group and 215 in the nonclinical group.
Overall, 79 (17.7%) of 446 demonstrated evidence of
infection on the basis of a positive antibody titer of >40,
46 (19.9%) of 231 in the clinical group, and 33 (15.3%)
of 215 in the nonclinical group; the difference was not
statistically significant (odds ratio [OR] = 1.37, p = 0.21,
95% confidence interval [CI] 0.84-2.22).

The median participant age was 38 years (range 18—
74 years); 27% were <30 years of age, 20% were 30-39
years of age, 25% were 4049 years of age, and 20% were
>50 years of age. Figure 2 shows the reverse cumulative
distribution of first serum antibody titers, according to age.
We found no statistically significant difference between the
curves (p = 0.11 by ordinal logistic regression).

On multivariate logistic regression, the only factor
associated with a higher risk for pandemic influenza
among all participants was younger age (OR 0.96, 95%
CI 0.94-0.99) after adjustment for participant status
(clinical vs. nonclinical), age, gender, hospital, seasonal
influenza vaccination, confirmed pandemic influenza,
reported respiratory illness, community contact with
influenza, oseltamivir prophylaxis, number of children
in the household <18 years of age, and hours worked per
week. On univariate analysis, the only factors that were
significantly associated with protection against infection in
the clinical group were use of any mask (OR 0.16, 95% CI

Table 1. Number of patients with pandemic (H1N1) 2009
influenza virus infection at each of 4 hospitals, Australia, August
24-December 16, 2009*

No. patients with

Hospital  confirmed pandemic No. No. ICU No.
no. (H1N1) 2009 inpatients  patients  deaths
1 57 36 10 0

2 85 35 8 3

3 97 43 9 2

4 33 27 10 3

*|CU, intensive care unit.

0.03-0.97) and use of gloves (OR 0.09, 95% CI 0.02-0.5)
for patients in droplet precautions. Adjusted odds ratios are
shown in Table 3.

Serology and Swab Test Results

Of the 395 participants, 140 (35%) reported a
respiratory illness and 46 had nose swabs taken. Seven
were positive for pandemic (HINT1) 2009 virus by PCR,
1 for subtype H3N2 influenza, and 38 were negative. One
of the 46 had 2 swabs taken during different illnesses; the
first was positive and the second was negative for pandemic
(HINT) 2009 virus. PCR cycle threshold values for swab
specimens were from 30 to 40, indicating low viral loads.
This finding may indicate that poor swabbing techniques
were used, that the sample had been taken as infection was
waning, or that level of infection was low (data not shown).

For 87 participants, a second serum sample was taken
because of a reported respiratory illness. The average
number of days between the first and second sample was
60 days (range 28 to 122 days, median 54) days. Thirty-
six participants who had nose swabs performed also had
a second serum sample taken. Seroconversion occurred
in only 1/87 workers, with an initial titer of <10 and a
subsequent titer of 40 (76 days later). This participant had
a nose swab taken during a respiratory infection, which
was negative for influenza virus. Seroconversion did not
occur in any of the participants with a positive nose swab
specimen. The mean number of days from obtaining a

Table 2. Characteristics of clinical and nonclinical participants at 4 hospitals at study entry (unless otherwise specified) who were
infected with pandemic (HIN1) 2009, Australia, August 24-December 16, 2009*

Factor Clinical participants, n = 231 Nonclinical participants, n = 215
Antibody titer >40 46 (19.9) 33(15.3)
Mean age, y (range) 35.1 (19.8-56.6) 43.2 (18.5-74.1)
Female gender 157 (68.0) 153 (71.2)
Seasonal vaccination 2009 163 (70.1) 141 (65.6)
Previous seasonal vaccination 187 (80.0) 152 (70.7)
Reported confirmed pandemic (H1N1) 2009 influenza virus infection 1(0.4) 0

Other influenza-like illness 155 (67.1) 118 (54.9)
Oseltamivir prophylaxis 13 (5.6) 1(0.5)
Community contact with influenza 42 (18.2) 46 (21.4)
Median no. children <18 years in household (range) 0 (0-7) 0 (0-3)
Nasal swab taken during study 30 (12.9) 16 (7.4)
Mean no. hours worked per week (range) 39.2 (8-90) 37.9 (6-86)

*Values are no. (%) except as indicated.
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positive nose swab specimen to the second serum sample
was 44 days (actual number: 14, 21, 27, 43, 45, 114 days).
One participant with a positive nose swab sample did not
have a second serum sample taken. None of the participants
with a positive nose swab or seroconversion reported taking
NIs in their weekly survey.

Four of the 7 participants with a positive PCR result and
the 1 in whom seroconversion occurred were in the clinical
group (3 doctors, 1 pharmacist, | nurse, 1 physiotherapist).
The participant who showed seroconversion was 29 years
of age; participants with a positive PCR result ranged from
24-63 years of age. Two of the participants with a positive
PCR result worked on the infectious disease ward, 2 in the
emergency department, and 1 in the intensive care unit;
seroconversion occurred in the participant who worked
in a medical ward. Five of the participants with positive
PCR results and the participant in whom seroconversion
occurred had received the 2009 and previous seasonal
influenza vaccines. None of the participants with confirmed
influenza reported taking oseltamivir for either prophylaxis
or treatment.

Weekly Questionnaires

In total, 395 participants completed 1-13 weekly
questionnaires each. Eighty-nine clinical and 51 nonclinical
participants reported 139 and 91 respiratory illnesses,
respectively. No participant reported having laboratory-
confirmed pandemic (HINT1) 2009 influenza. Six reported
community contact with someone who had laboratory-
confirmed infection. One reported taking oseltamivir after
contact with an infected person in the workplace. This
person had 2 serum samples taken 88 days apart; both had
an antibody titer of <10.

Discussion

In this study, we evaluated the risk for pandemic (HIN1)
2009 in HCWs compared with the risk for such infection
in a control group, as well as the factors associated with
infection. HCWs had slightly higher rates of seropositivity
than nonclinical staff; however, this difference was not
statistically significant. Our data are supported by results
of another recent study, which found that being a HCW
was not a risk factor for serologically confirmed seasonal
influenza virus infection and that the risk of HCWs acquiring
influenza was more strongly associated with household than
workplace exposure (12). That study found a seroconversion
rate of 11.2% in HCWs and 10.3% in non-HCWSs. However,
it examined only doctors and nurses, whereas our study
included other types of frontline HCWs. Another study
reported a seroprevalence for pandemic (HIN1) 2009 of
26.7% in HCWs, which was not significantly different from
the seroprevalence of the general population (13). Neither
of these studies examined use of P