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Abstract

Controlling norovirus transmission in units with immunocompromised patients is challenging. We
present a cluster of norovirus cases that occurred on a stem cell transplant unit and the prevention
efforts that were implemented to limit the outbreak. Protocols developed to control this cluster
may provide a model for other facilities.
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BACKGROUND

Norovirus infections are an increasingly recognized cause of diarrhea in hematopoietic stem
cell transplantation (HSCT) recipients and are associated with prolonged periods of
symptoms and viral shedding, high morbidity, and occasionally mortality.1~> Although a
well-recognized cause of hospital clusters of gastrointestinal illness, data on the containment
of nosocomial norovirus clusters in HSCT populations are limited. Standard infection
prevention strategies for preventing and controlling norovirus in non-immunocompromised
settings include hand washing with soap and water, environmental cleaning with bleach, unit
closure, staff education, and staff screening for symptoms with requirements to stay home if
found to have gastrointestinal illness.6:” However, the effectiveness of these strategies for
controlling a cluster in the HSCT population — where the duration of symptoms and

shedding are much longer and the risk of transmission is higher — is not well characterized.
8

During the period from January — May 2012, we identified a cluster of laboratory-confirmed
norovirus infections among patients admitted to the HSCT unit. One patient with
nosocomially-acquired norovirus died secondary to the infection, prompting a review of
infection prevention programs and implementation of new processes to reduce future
transmissions.

METHODS

Setting

Beth Israel Deaconess Medical Center (BIDMC) is an academic tertiary care center with a
28-bed inpatient HSCT unit during the study period (20/28 were single-room occupancy).
The HSCT unit is a restricted-access unit in a building that is separate from most of the
medical/surgical inpatient beds.

Population and Data Collection

All patients admitted to the HSCT unit during the study period from January 1 through May
31, 2012 were included. Demographic, administrative, pharmacy, and laboratory data were
extracted electronically. Clinical variables, including gastrointestinal symptoms (GIS), were
manually abstracted.

Description of Outbreak and Case-Cohort Study

An epidemic curve was generated; then a retrospective case-cohort study was conducted to
identify risk factors for norovirus acquisition, including the role of facility factors, such as
bed location. The primary outcome was laboratory-confirmed norovirus. Cases were
matched to all patients admitted to the HSCT unit with GIS. Patients tested for norovirus and
found to be positive were also compared to patients who were tested for norovirus and found
to be negative.
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Case Definitions

GIS were defined as any patient with loose stools at least three times per day and/or
vomiting for at least 48 hours.3:8:9 Details of the norovirus case definition are included in the
supplementary materials (Supplementary Table 1) and included fever, new Gl complaints,
and testing results. Norovirus testing was performed at the discretion of the treating clinician
and thus not available for all GIS patients.

Infection Control Measures

Standard infection prevention protocols on the HSCT unit prior to January 2012 included
hand hygiene with alcohol-based hand rub or soap and water; hand hygiene monitoring via
product usage measurement1? validated with intermittent direct observation, cleaning of
patient and common areas with quaternary ammonium-based disinfectants, and active
screening and restriction of visitors with symptoms of viral infection. All patients with
presumed norovirus are placed on contact precautions, and bleach cleaning daily and post-
discharge was and remains standard for patients with norovirus. A hospital-wide no shared
food policy was in effect during the study period. In addition, staff members with GIS are
given early-access to sick leave time and thus are not required to use three vacation days
before they can access sick leave pay. This policy is designed to encourage compliance with
recommended absence from work to limit spread of infection.

Statistical Analysis:

Risk factors for norovirus acquisition were evaluated using Chi squared test and Fisher’s
exact tests for categorical variables and ANOVA and Kruskal-Wallis test for continuous
variables. All analyses were performed using STATA v.12.0 (College Station, TX).

RESULTS

During the period from 1/1/2012-5/31/2012, 148 patients were admitted to the HSCT unit
(Figure 1). Of these, 99 (66.9%) patients had GIS, including 48 patients (48.5%) who were
tested for norovirus. 14.6% (7/48) samples were EIA-positive (Supplementary Table 2).
Eighty-four of the 99 patients with GIS (84.9%) were tested for C. difficile and 10/84
(11.9%) were positive; 0/10 had confirmed norovirus. Two GIS patients were admitted to the
ICU and one died from norovirus infection. No other nosocomial clusters on other inpatient
units were identified during the study period.

The epidemic curve and distribution of cases in the unit suggested point-source transmission
with contamination of a limited environmental area (Figure 2). The only patient with GIS
present on admission was the index case. Among the six subsequent cases, two occurred in
the same room as the index patient and one occurred in an adjacent room after a median nine
day inpatient stay; room location was the only significant predictor of infection acquisition
(Table 1, Supplementary Figure 1).

Bundle & Outbreak Control

After the first nosocomial norovirus case was identified, an enhanced infection control
bundle was instituted. The bundle included: hand washing with soap and water followed by
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alcohol-based hand rub; enhanced environmental cleaning with bleach, including in all
common areas and bathrooms; direct observation of the post-discharge and daily cleaning
process by Infection Control/Hospital Epidemiology (IC/HE) personnel; norovirus education
for clinical staff, patients and visitors; symptom screening with work restriction for clinical
staff and visit restriction for visitors; and enhanced surveillance for additional cases by
IC/HE personnel. The screening process was triggered after identification of a nosocomial
case and performed by unit staff on every shift. It includes a strict case definition with high
sensitivity applied to patients and hospital staff and an algorithm for testing and
identification of norovirus cases (Figure 3). Any patients with symptoms were isolated and
tested; any staff were removed from work for 72 hours after their last symptom and given
access to extended sick time pay immediately. Screening continued until transmission was
no longer detected. Because HSCT patients shed virus for prolonged periods and are
frequently readmitted, contact precautions were extended to a 30-day window following
symptom onset, rather than until discharge. To assist with isolation on subsequent
admissions, HSCT patients with norovirus are flagged in the electronic medical record.
Enhanced post-discharge cleaning protocols were developed, including direct observation of
the rooms prior to occupancy by the next patient, in addition to the standard bleach cleaning
for all rooms with norovirus patients.1 Finally, in-house norovirus PCR replaced EIA to
improve the speed and accuracy of detection of cases.

After implementation of enhanced infection prevention measures, including the newly
developed protocol, no additional healthcare-associated cases have been identified on the
HSCT unit.

DISCUSSION

In this norovirus cluster on the inpatient HSCT unit, the only significant factor associated
with nosocomial norovirus acquisition was room location, congruent with other studies that
established the importance of proximity and room contamination in healthcare-associated
clusters.8.12 Nenonen er a/ demonstrated that, among hospital wards experiencing an
outbreak, 47% of environmental swabs in the affected ward were positive for norovirus,
compared to only 7% in the unaffected ward.13 Positive pressure ventilation present in
HSCT units but not standard hospital floors may also play a role in environmental
contamination in this population by distributing aerosols outside of a patient’s room.1* This
study highlights the importance of early recognition and diagnosis of norovirus in the HSCT
population, given the potential for rapid and sustained spread of norovirus long after the
index patient has been discharged.

Based on our own findings and earlier studies on outbreaks in HSCT, we implemented a
novel infection prevention protocol, which included a strict definition of norovirus infection
that permitted earlier and broader implementation of control measures. This protocol
successfully terminated the cluster and prevented outbreaks in subsequent norovirus seasons.
The strict definition included in the triaging algorithm (Figure 3)—which was designed to be
extremely sensitive but have low specificity—was an important element of the infection
prevention strategy, because our data suggested that clinicians often did not consider
norovirus as a potential cause of severe GIS in this population and early identification is
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critical for preventing clusters. Other causes, such as C. difficile infection, were more likely
to be tested and evaluated. In addition to the highly sensitive case definition, strict screening
of staff and patients was undertaken to ensure that cases were identified early in the disease
course.

In the years following the implementation of this bundle, no additional healthcare-associated
transmissions have been detected on the HSCT unit, and the protocol has been rolled out in
modified form to other units with no additional sustained nosocomial clusters of infection in
our facility.

Many of the interventions included in the infection prevention protocol are cost-saving
measures, even at very low effectiveness (10%) for preventing additional norovirus
transmissions.1® Healthcare worker presenteeism is an important factor in nosocomial
outbreaks, including on transplant and immunocompromised patient wards; thus our
screening protocol was applied to patients and staff.8 Healthcare worker screening and
mandated time off if GIS develop is another intervention that may be both clinically
effective and cost saving—even with paid time off and early access to paid sick leave--
depending upon the cause of the outbreak.1> Ward closure is another strategy that has been
used to manage and prevent healthcare-associated transmissions; however, modeling studies
suggest that this strategy is more expensive than other infection prevention interventions and
only cost saving if prevention effectiveness exceeds 90%.1° Beyond cost effectiveness, due
the specialized nature of the HSCT unit, moving these immunocompromised patients to
other hospital wards is often not feasible due to facility constraints and thus ward closure
may not be a practical option.

Another important finding was the limited testing for—and identification of—norovirus in
the HSCT population.16 Due to the frequency of GIS in this population and the multitude of
infectious and non-infectious cases, differentiating norovirus from other causes of GIS is
challenging. Among the 99 patients with severe GIS, only 48 of them (48%) were tested for
norovirus, but a majority were tested for other types of infections, including C. difficile and
Enterobacteriaceae. This aligns with prior studies that suggesting that GIS are often
misdiagnosed as other infections, including C. difficile”- 18 Thus, education of staff is of
critical importance—especially during norovirus season—to identify cases and to implement
infection prevention strategies as soon as infections begin to occur. Electronic systems can
be leveraged for early case ascertainment and intervention by helping to identify cases early
in the course, to encourage testing and isolation before substantial environmental
contamination and nosocomial transmissions have occurred. Another important diagnostic
intervention is the use of PCR, rather than EIA, to confirm cases. The sensitivity and
specificity of EIA are both poor, potentially leading to many missed cases before
transmission is identified.

This study was limited by small sample size and retrospective design, the limited number of
patients who were tested for norovirus, and the diagnostic test itself (EIA during the study
period), which has poor sensitivity and specificity. Thus, it is feasible that the cluster may
have been larger and that factors other than environmental contamination may have also
played a role. However, limited testing and poor predictive value of the test are likely to bias
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findings toward the null, rather than toward finding an effect, thus it is unlikely that either of
these factors caused a false-positive association between environmental exposure and
norovirus acquisition. Another possible source of norovirus was staff presenteeism,
particularly for the cases that occurred parts of the HSCT unit that were not in close
proximity to the index case room (Supplementary Figure 1), however, we did not find any
specific evidence of a healthcare worker source for this cluster. Because infection prevention
interventions were bundled, we were not able to determine which, if any, individual
interventions were the most important. However, given the strong association between
location and acquisition, improved environmental cleaning coupled with the aggressive
screening protocol is likely to have played a major role in ending the outbreak.

Conclusions

Norovirus presents similarly to other causes of GIS in the HSCT population, leading to
delayed diagnosis and environmental contamination. Use of a standard algorithm for earlier
identification of presumptive cases of GIS may help prevent future norovirus outbreaks.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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All Cohort
148 patients

Gl Symptoms No Gl Symptoms
99/148 (66.9%) 49/148 (33.1%)
Tested for Norovirus Not tested for Norovirus
48/99 (48.5%) 51/99 (51.5%)
Positive Norovirus EIA Negative Norovirus EIA
7/48 (14.6%) 41/48 (85.4%)

Figurel.
Description of Full Cohort and Case Selection
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Figure2.
Norovirus Epidemic Curve
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Discontinue Gl
contact precautions

Negative
SENT

bSEv\IT

NEW single
episode of ¥
Nomiting?.

Observe for
NEW onset 24 hours

dianhea plus *
nausea?

Suspected
Norovirus
Case

ANY GI
complaintplus %
fever (>=100.4)?

Dianhea plus
nausea for >=
24 hours?

Initiate GI contact
precautions

ANY GI
complaint plus
knowm exposure
10 a norovilus
case?

Fever (temp >=
100.4) piis vomitng

CONTACT

or dianthea for >=
L No INFECTION 22 hours?
CONTROL TO \
NOT REPORT CASE
Norovirus
Case
0
Discontinue GI Discontinue G|
contact precautions NOT contact
unless C diff test S — Norovirus precautions, unless

pending or positve Case C.difficie test

pending

*Without alternative confirmed diagnosis

Figure 3. Inpatient Gastrointestinal Syndrome/Norovirus Evaluation and Precautions
Algorithm.

Contact precautions = gastrointestinal syndrome precautions. These included patient
isolation, gown and glove for all room entry, and hand washing with soap and water
followed by alcohol-based hand rub after room exit.
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Differences between the patients with severe gastrointestinal symptoms who were tested and not tested by
norovirus enzyme immunoassay, and between the patients who tested positive and negative for norovirus

room

Not tested for Tested for Norovirus Norovirus
Norovirus(N = Norovirus(N = negative (N = 41) positive (N =7)
51) 48) p-value p-value
Male Sex 29 (56.9%) 28 (58.3%) 0.88 24 (58.5%) 4(57.2%) 1.00
Race White 37 (72.6%) 33 (68.8%) 0.75 27 (65.9%) 6 (85.7%) 0.46
Age (Median) 63.25 60.12 0.83 60.31 62.56 0.72
Leukemia 19 (37.3%) 18 (37.5%) 0.98 16 (39.0%) 2 (28.6%) 0.70
Lymphoma 13 (25.5%) 14 (29.2%) 0.68 11 (26.8%) 3 (42.9%) 0.40
Myeloma 7 (13.7%) 11 (22.9%) 0.24 10 (24.4%) 1 (14.3%) 1.00
Myelodysplastic syndrome 7 (13.7%) 3(6.3%) 0.14 2 (4.9%) 1(14.3%) 0.38
Other 5 (9.8%) 2 (4.2%) 0.22 2 (4.9%) 0 (0.0%) 1.00
HSCT? during admission 8 (15.7%) 18 (37.5%) 0.014 16 (39.0%) 2 (28.6%) 0.70
Prior history of HSCT 14 (27.5%) 26 (54.2%)  0.007 23 (56.1%) 3 (42.9%) 0.69
Allogeneic 7114 (50.0%) 9/26 (34.6%) 8/23 (34.8%) 1/3 (33.3%)
Autologous 7/14 (50.0%) 12/26 (46.2%) 0.20 10/23 (43.5%) 2/3 (67.3%) 0.62
Cord Blood transplant 0/14 (0.0%) 5/26 (19.2%) 5/23 (21.7%) 0/3 (0.0%)
Graft-versus-host disease 4 (7.8%) 6 (12.5%) 0.32 5 (12.2%) 1(14.3%) 0.32
ANCP <500 at admission 11 (21.6%) 15 (31.3%) 0.27 13 (31.7%) 2 (28.6%) 1.00
IVIG 5 (9.8%) 11(22.9%)  0.076 10 (24.4%) 1 (14.3%) 1.00
Medications
Steroids 35 (68.6%) 41(85.4%)  0.048 34 (82.9%) 7 (100.0%) 0.57
Chemotherapy agents 27 (52.9%) 33 (68.8%) 0.11 28 (68.3%) 5 (71.4%) 1.00
Immunosuppressants 7 (13.7%) 15 (31.3%) 0.036 14 (34.2%) 1(14.3%) 0.41
Biological Agents 4 (7.8%) 5 (10.4%) 0.65 4 (9.8%) 1 (14.3%) 0.56
Mean numbers of days between 9.76 8.56 0.53 8.46 9.14 0.42
admission and symptom-onset
Index case room 2 (3.9%) 3(6.3%) 0.672 1(2.4%) 2 (28.6%) 0.05%
Index case room or adjacent 13 (25.5%) 17 (35.4%) 0.283 7 (17.1%) 3 (42.9%) 0.15%

*
Index case not included in the calculation

ANC = Absolute neutrophil count, in cells/mm3

HSCT = Hematopoietic stem cell transplant
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