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Abstract

Background—Adenoviremia adversely affects prognosis in the post-hematopoietic stem cell
transplant (HSCT) setting.

Methods—We sought to determine retrospectively the cutoff load of adenovirus in the stool as a
predictor of adenoviremia, in children who underwent an allogeneic HSCT. The prevalence of
sapovirus, norovirus and astrovirus in the stool was also studied.

Results—The study cohort consisted of 117 patients, of which 71 (60%) had diarrhea.
Adenovirus was detected in the stool in 39 out of 71 (55%) patients. Age < 10 years (P = 0.05;
odds ratio, 2.57; 95% confidence interval: 0.98-6.75), and male sex (P = 0.04; odds ratio 2.67;
95% confidence interval: 1.02-6.99) increased risk for detection of adenovirus in stool on
univariate analysis. Co-infections with enteric pathogens were infrequent. Viral load > 106 copies /
gram stool predicted adenoviremia with a sensitivity and specificity of 82%. Sapovirus, norovirus,
and astrovirus were detected in 3, 4 and one patient, respectively.

Conclusions—Quantitative detection of adenovirus in stool may have implications for pre-
emptive therapy. Testing for other enteric viruses may have implications for infection control.
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INTRODUCTION

Viruses are an important cause of diarrhea in otherwise healthy children. While rotavirus
and norovirus are the main pathogens, adenovirus is frequently detected followed by
sapovirus and astrovirus.! Adenovirus is an important cause of morbidity and mortality after
allogeneic hematopoietic stem cell transplantation (HSCT).2 Patients with diarrhea and
increasing stool viral load may be at risk for adenoviremia. Sustained adenoviremia is a
specific and sensitive indicator of adenoviral disease after T cell-replete HSCT.2 The
purpose of our study was to define a viral load cutoff in stool to predict adenoviremia in
children with diarrhea post-HSCT.

PATIENTS AND METHODS

This retrospective study cohort consisted of 117 patients who underwent HSCT over a four-
year period (January 2009 — May 2012) at St. Jude Children’s Research Hospital (SJCRH).
The study was approved by the SICRH Institutional Review Board. Adenovirus was
detected with a quantitative real-time polymerase chain reaction (PCR) assay* using a 7500
Real-Time PCR System (Applied Biosystems®, now part of ThermoFisher Scientific,
Waltham, MA). Quantiative co-linearity was previously shown with this assay for all non-
enteric strains.* Laboratory developed, real-time PCR methods were used to detect
sapovirus, norovirus Gl / Gll (Cepheid, Sunnyvale, CA), and astrovirus. Assays were
performed on stool samples previously stored for quality assurance purposes. Approximately
one gram of stool was extracted using the Q1Aamp® Fast DNA Stool Mini Kit on the
QIlAcube automated extraction system (Qiagen, Hilden, Germany). Following nucleic acid
extraction, DNA was eluted in 200uL of buffer and stored at 4°C until PCR amplification.

Adenovirus was tested on blood samples sent once weekly for clinical adenovirus testing.
Qualitative testing results for adenovirus in stool was available for clinical use; quantitative
values were calculated retrospectively using calibration curves run concomitantly and used
for standard-of-care quantitative testing in blood samples.

Diarrhea was defined as change in stool consistency or frequency. Stool samples were sent
for microbiologic evaluation for all patients with diarrhea. The day of onset of infection was
defined as the day when the first adenovirus-positive diagnostic sample was collected. The
first positive stool test and concomitant blood test was used for retrospective viral load
analysis. Co-pathogens included those detected up to 6 weeks prior to, and 6 weeks after the
date of collection of the first and last adenovirus-positive stool sample, respectively.

Transplant-related variables were abstracted from a prospectively collected database that
included patient demographics, underlying diagnosis, remission status, donor and product
type, cytomegalovirus donor/recipient status, conditioning regimen, antiviral prophylaxis,
and presence or absence of grade I1-1V graft-versus-host disease (GVHD). Presence of
blood in stool, abdominal pain, vomiting, weight change (%), laboratory parameters, and
death due to diarrheal infection or disseminated adenovirus disease were noted.
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Statistical Analysis

RESULTS

The number of HSCT recipients with diarrhea, who had adenovirus, sapovirus, norovirus,
and astrovirus detected in their stool samples was determined. For each specific virus, in
each patient the first positive test was counted for estimating the virus-specific incidence.
Both proportions and 95% confidence interval are reported. Receiver operating
characteristic (ROC) curves, area under the curve (AUC) of the ROC, sensitivity, and
specificity were calculated to determine adenoviral load threshold in the stool that best
predicted detection of virus in blood using the maximum Youden index method.>
Adenoviral load was classified as high (or low) if its level in stool sample was above (or
below) the threshold for cutoff. Fisher’s exact test (categorical) and Wilcoxon Rank Sum
test (quantitative) were used to compare patients with diarrhea with or without adenovirus
detected in stool, and patients with stool adenoviral load above and below threshold.
Univariate logistic regression model was used to test associations in patients with diarrhea
with or without adenovirus detected in stool, and patients with stool adenoviral load above
and below threshold, with other co-variates. All reported P-values are 2-sided and
considered significant if < 0.05. Statistical analyses were performed with SAS software
version 9.3 and R-2.13.2.

Of the 117 patients in the cohort, 71 (60%) patients had diarrhea (Figure 1). Demographics
and characteristics of the 71 patients with diarrhea with (39, 55%) or without (32, 45%)
adenovirus detected in stool are presented in Table 1. Age < 10 years (P = 0.05; odds ratio,
2.57; 95% confidence interval: 0.98-6.75), and male sex (P = 0.04; odds ratio, 2.67; 95%
confidence interval: 1.02-6.99) increased risk for detection of adenovirus in stool on
univariate analysis. Children with adenovirus detected in stool were more likely to need
parenteral nutrition (P = 0.04; odds ratio, 2.94; 95% confidence interval: 1.06-8.14). Other
variables including race (P = 0.60), cytomegalovirus donor / recipient status (P = 0.57) were
not significant. There were 16 (41%), 16 (41%), and 7 (18%) patients who had adenovirus
detected in stool 0-30, 31-100 and > 100 days post-HSCT.

The median stool viral load was 5.2 (range 2-11.3) log;q copies/gram stool. Stool viral load
> 10° copies/gram stool predicted adenoviremia with a sensitivity of 82% (95% confidence
interval: 48%-98%), and specificity of 82% (95% confidence interval: 63%-94%). Stool
viral load > 10° copies/gram stool predicted adenoviremia with a sensitivity of 82% and
specificity of 61%. Stool viral load > 107 copies/gram stool predicted adenoviremia with a
sensitivity of 73% and specificity of 86%.

Stool viral load > 106 copies/gram stool was used as the threshold for cutoff using the
maximum Youden index method, and was seen in 15 (38%) patients. Adenoviremia was
detected in 11 (28%) patients, 9 of whom had stool viral loads above threshold. The median
time for detection of adenoviremia was 37 (range 3-337) days. The median blood viral load
was 2.6 (range < 2 - 6.78) log1g copies/mL. All patients with adenoviremia had adenovirus
detected in the stool. Adenoviremia did not precede detection of adenaovirus in the stool in
any patient. The incidence of viremia in individuals with stool viral load above threshold
was 60% (9 out of 15) versus 8% (2 out of 24) in patients with stool viral load below
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threshold (P = .002; odds ratio, 16.5; 95% confidence interval: 2.79-97.68). The median
time between detection of stool viral load above threshold and first observation of viremia
was 6.5 (range 0-25) days.

Age (P =0.24), race (P = 0.54), sex (P = 0.14), donor type (P = 0.54), GVHD (P = 0.67),
other sites of infection (P = 0.79), concomitant use of steroids (P = 0.79), T-cell depletion (P
=0.79), co-infections (P = 0.32), C. difficile infection (P = 0.72), and absolute lymphocyte
count (P = 0.48) were not associated with stool viral load above threshold on univariate
analysis.

Co-infections with C. difficile, rotavirus or vancomycin-resistant enterococcus (VRE) were
seen in 17, one and 13 patients, respectively, not significantly different in patients with or
without adenovirus detected in stool (Figure 1). Co-infection with C. difficile and VRE was
seen in 3 patients with adenovirus, and in 2 patients where no adenovirus was detected in
stool. Sapovirus, astrovirus, norovirus and rotavirus were co-pathogens only with
adenvovirus (Figure 1).

Of the 39 patients with adenovirus detected in stool, one died due to invasive infection. He
received a haplo-identical HSCT for relapsed acute lymphoblastic leukemia, had a course
complicated by acute skin GVHD, and developed adenoviremia less than two months post-
transplant. Despite initiating cidofovir therapy three days prior to the positive blood test, the
patient progressed to liver failure, coagulopathy, hepato-renal syndrome, and succumbed to
the infection.

Four other patients had evidence of adenoviral disease other than colitis. Three patients had
adenovirus detected in nasophayngeal wash with symptoms of upper respiratory tract
infection. In 2 patients diarrhea followed these symptoms after 4 and 12 weeks, viral loads
were 10° and 103 copies/gram stool respectively, and was not detected in blood. In the third
patient respiratory symptoms coincided with diarrhea, viral load was 101 copies/gram stool,
and blood viral load 5 logyg copies/mL. All are presently alive and well. The fourth patient
had altered mental status, adenovirus was detected in the cerebrospinal-fluid, followed by
diarrhea 2 weeks later with 1011 copies/gram stool, and blood viral load 2 log;q copies/mL.
She died of an invasive fungal sinus infection three weeks later.

Stool samples of 71 patients with diarrhea were analyzed with real-time PCR to detect
sapovirus, norovirus, and astrovirus. This included the original 39 patients, as well as 32
additional HSCT patients from the initial cohort, who did not have a positive adenoviral
stool test. Sapovirus was detected in 3 patients (4.2%), norovirus in 4 patients (5.7%), and
astrovirus in one patient (1.4%).

The first patient with sapovirus infection was an 8 year old boy who developed diarrhea day
+122 following a haplo-identical HSCT for acute lymphoblastic leukemia. Diarrhea lasted 3
weeks. Four months later two twins with severe combined immunodeficiency who were 7
months of age, developed diarrhea within a day of each other during conditioning therapy
for a haplo-identical transplant. These twins were housed in separate rooms in strict
isolation, and cared for by different care-givers. Diarrhea lasted 3 days. None of these
patients had adenovirus detected in stool.
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The 4 patients with norovirus infection were 6 months to 5 years of age, recipients of haplo-
identical (3) or matched-unrelated donor transplants (1). Norovirus infection developed at a
median of 38 days post-transplant. Diarrhea lasted less than 5 days in all patients. Two
patients had adenovirus detected in stool at 5 x 1010 and 2 x 1011 copies/gram stool. The
first patient had adenoviremia of 2.5 log; copies/mL.

DISCUSSION

Our finding that stool viral load > 10° copies/gram stool predicts adenoviremia corroborates
previous reports.1:® These data support the use of quantitative rather than qualitative PCR
for adenoviral stool testing in HSCT patients, which would allow earlier initiation of
antiviral therapy in patients with high stool viral loads with cidofovir, a potentially
nephrotoxic drug. High levels of adenoviremia correlate with a fatal outcome in children
after HSCT.”8 Adenovirus-associated mortality was minimized in our cohort as has been in
other studies with routine monitoring, and pre-emptive use of cidofovir with detection of
adenoviremia.8 Novel cellular therapy approaches have been developed to treat
adenoviremia.® However they are limited by a turn-around time of several weeks. The
median time between detection of stool viral load above threshold and first observation of
viremia was 6.5 (range 0-25) days. Hence, a surveillance program using quantitative
detection of stool viral load may identify patients at high-risk for adenoviremia, who may
benefit from these approaches.

Patients with low stool viral loads may be monitored closely. Experience with an oral lipid
formulation of cidofovir (brincidofovir, previously CMX001, Chimerix Inc., Durham, NC),
has been reported in retrospective studies.1? It is presently undergoing clinical trials. Cells
take up the inactive drug, and the lipid conjugate is cleaved by phospholipase C, which
allows it to be converted to active drug inside the cell obviating any nephrotoxicity.!! Future
studies may explore its role as pre-emptive therapy in patients with low stool viral loads.

Co-infections with more than one virus was seen in 13.5% of specimens from otherwise
healthy children with acute gastroenteritis.l Norovirus was the most frequently detected
pathogen in mixed infections in combination with adenovirus or astrovirus.> Co-infections
were uncommon in our study. Isolation of viruses from stool in HSCT recipients was
infrequent (8%) in a prospective surveillance study, and co-infections were not seen.12

Children less than 10 years of age, and males were at increased risk of detection of
adenovirus in the stool. Higher incidence of adenovirus infections in young children has
been corroborated in other studies.13 Male predominance has been noted as risk factor for
adenovirus-induced acute hemorrhagic cystitis in children.1* Lymphopenia 213, and

GVHD 216 have been previously noted as important risk factors for disseminated adenoviral
disease. There were more children less than 10 years of age in our cohort who had severe
lymphopenia (ALC < 200 cells/uL) and GVHD, although this was not statistically
significant (P = 1.00). The increased use of parenteral nutrition in children where adenovirus
was detected may be related to the significantly higher incidence of vomiting in this group.
None of the variables predicted infection with a high stool viral load.
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Adenoviruses are divided into 6 subspecies and 51 serotypes. Types A31, C1 and C2 have
been noted to be predominant in pediatric HSCT patients.27817 Multiple serotypes
including A31 have been detected by sequential analysis. Infection is most likely due to viral
reactivation in the epithelial and lymphoid cells of the intestine rather than from exogenous
spread.

Sapoviruses belong to the calciviridae family and were detected in 2 of 58 symptomatic
pediatric oncology inpatients in a prospective study.® Both were on low dose
chemotherapy. Diarrhea resolved within 10 days. Nosocomial transmission is expected as
was seen in our twins. Sapovirus infections have previously not been reported in children or
adults undergoing HSCT. Inclusion of sapovirus in routine testing panels may enable early
institution of contact precautions.

The cumulative incidence of norovirus infection was 12.9% at 2 years post-transplantation
in a retrospective study of 55 pediatric HSCT recipients.1® In a case series of 13 pediatric
HSCT recipients, the median duration of norovirus excretion was 150 days.2? These patients
required intensive nutritional support, and clearance of norovirus from the gut was
associated with donor T-cell recovery. Norovirus was detected in only 6% of patients in our
series, and diarrhea was limited.

Infection by astrovirus in immune-compromised children has been described in case
reports.21 Astrovirus increases epithelial barrier permeability causing disruption of tight
junctions which contributes to diarrhea, and may allow enteric viruses to gain access to the
blood stream.22

Limitations of the study include lack of asymptomatic controls, or children without diarrhea
to evaluate incidence of shedding and stool viral loads, and analysis of adenovirus subtypes.

Quantitative detection of adenovirus in the stool may have implications for preemptive
therapy. Testing for other enteric viruses may help direct care and have implications for
infection control. Future prospective studies may evaluate if co-infection with other enteric
viruses or C. difficile increases risk for adenoviremia in patients with low stool viral loads,
compare stool viral loads in asymptomatic patients, and study adenovirus subtypes in cases
and controls.
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17

Patients with Patients without

diarrhea diarrhea
71 46
ADENO ADENO Not tested
+ve —ve

39 32 Enteric viruses
SAPO =0 C.diff =9 SAPO =3 C.diff =8
NORO =2 Rota =1 NORO =2 Rota =0
ASTRO =1 VRE =6 ASTRO =0 VRE =7

Figure 1.

Number of hematopoietic stem cell transplant (HSCT) patients with or without diarrhea,
with or without adenovirus (adeno), sapovirus (sapo), norovirus (noro), astrovirus (astro), C.
difficile (C. diff), rotavirus (rota), and vancomycin-resistant enterococcus (VRE) detected in

stool.
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Table 1

Demographics and characteristics of patients with diarrhea with or without adenovirus detected in stool

Characteristic All patients (n=71) Patients AdV stool (n=39) PatientsNo AdV stool (n=32) P

Age (years)

Mean (SD) 9.6 (6.1) 8.3 (5.10) 11.3 (6.9) 0.07
Median (Range) 9.0 (1.0-24) 8.0 (1.5-18.0) 12.0 (1.0-24.0)

Male sex 36 (51) 24 (62) 12 (38) 0.06
Diagnosis heme malignancy 61 (86) 34 (87) 27 (84) 0.74
Remission prior to transplant 39 (55) 23(59) 16 (50) 0.48
Total body irradiation 14 (20) 7(18) 7(22) 0.77
Reduced-intensity conditioning 29 (41) 20 (51) 9 (28) 0.06
T-cell depletion 31 (44) 14 (36) 17 (53) 0.16

Donor Classification 0.20
Matched-related donor 7 (10) 5(13) 2 (6)

Matched-unrelated donor 30 (42) 19 (49) 11 (35)
Haplo-identical donor 32 (45) 15 (38) 17 (53)
Cord 2(3) 0(0) 2(6)

Product Type 0.08
Bone marrow 37 (52) 24 (62) 13 (41)

Peripheral blood 32 (45) 15 (38) 17 (53)
Cord 2(3) 0(0) 2 (6)

Viral prophylaxis 0.85
ACV 59 (83) 33 (85) 26 (81)

Inpatient status 51 (72) 30 (77) 21 (66) 0.42

GVHD (Grade I1-1V) 25 (35) 14 (36) 11 (34) 1.00

Nutrition 0.04
Parenteral+ enteral 47 (66) 30 (77) 17 (53)

Enteral 24 (34) 9 (23) 15 (47)

Ultrasound evidence of colitis 14 (20) 11 (28) 3(9) 0.07

Vomiting 16 (23) 16 (41) 0 (0) <0.001

Blood in stool 5(7) 2 (5) 3(9) 0.65

Use of steroids at time of infection 22 (31) 14 (36) 8 (25) 0.44

ALC (cells/uL) 0.85
Mean (SD) 435.9 (870) 492.7 (1075) 366 (530)

Median (range) 84 (0.0-5293) 76 (0.0-5293) 119 (0.0-2200)
ANC (cells/uL) 0.55

Mean (SD)
Median (range)

1844 (2385)
1100(0-11600)

1703 (2387)
1100 (0-11600)

2016 (2410)
1250 (0-9400)

Data are number (%) unless otherwise indicated. Abbreviations : AdV, adenovirus; ACV, acyclovir; GVHD, graft-versus-host disease; ALC,

absolute lymphocyte count; ANC, absolute neutrophil count; SD, standard deviation.

Pediatr Infect Dis J. Author manuscript; available in PMC 2016 June 01.



