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ABSTRACT 

Background: Adenovirus (Ad) infections have delayed clearance in paediatric patients.  The immune suppression 

that occurs after hematopoietic stem cell transplantation (HSCT) can reactivate adenovirus, resulting in life-

threatening disseminated disease. Aim of the work: to assess adenovirus infection in recipients of bone marrow 

transplantation and to find out if there is an association between adenovirus infection and the occurrence of graft 

versus host disease (GVHD) in these patients. Patients and methods: The study was conducted on 30 pediatric 

patients admitted to Nasser institute, for bone marrow transplantation. Serum and stool samples were collected one 

day prior to bone marrow transplantation, and every one or two weeks afterwards till the patient completed 100 

days after HSCT. The adenoviral DNA was monitored in the patient‟s serum and stool samples by quantitative real 

time polymerase chain reaction (qPCR). The stool samples that tested positive for the presence of adenovirus were 

processed by cell culture technique for isolation of the virus. Results: Adenoviral DNA was detected in the fecal 

samples of 11 out of 30 patients (36.6% of cases); the viral load ranged from 1.2 X 10³ copies/gram, to 8.4 X 10
7
 

copies per gram, two patients had 2 positive stool samples with rising titer indicating the reactivation of the 

adenovirus. The adenoviral DNA was detected in the serum samples of only two patients (6.6% of cases), with a 

low titer, one of them was only 500 copies/ml and the other one was 1.6 X 10
4
 copies /ml. The remaining serum 

samples of the patients who shed the adenovirus in their stool were all negative for adenoviral DNA. These two 

patients, who had Ad DNA in their serum, had no adenoviral shedding in their stool. The adenovirus reactivation 

was not associated with increased risk of developing GVHD, diarrhea or CMV reactivation. 

Conclusion: although the adenovirus was shed in the stool of 9 patients, the viral shedding was not associated with 

increased risk of developing GVHD, diarrhea or CMV reactivation. 

Keywords: Adenovirus, hematopoietic stem cell transplantation (HSCT), graft versus host disease (GVHD), bone 

marrow transplantation. 

 

INTRODUCTION    

Hematopoietic stem cell transplantation (HSCT) is 

the last treatment option for a variety of diseases, 

including certain hematologic malignancies, inborn 

errors of metabolism, immune deficiencies, and bone 

marrow failure syndromes 
1
. Besides the risk of 

developing bacterial and fungal infections, there is a 

substantial risk of viral infection or reactivation during 

the immunosuppressed period after HSCT. Among all 

viruses; cytomegalovirus (CMV) and adenoviruses 

(Ad) are important 
2
. Adenovirus (Ad) and 

cytomegalovirus infections have delayed clearance in 

paediatric patients. There is an immune suppression 

after hematopoietic stem cell transplantation (HSCT), 

which can reactivate these viruses, resulting in life-

threatening disseminated disease 
3
.  

Adenoviruses are nonenveloped, double-stranded 

deoxyribonucleic acid (dsDNA) viruses, at present, 51 

serotypes and over 70 genotypes have been defined 

within seven species (A–G) 
4
. Adenovirus species C is 

most frequently isolated in the general population and 

HCT recipients 
5
. 

Viral reactivations, of AdV defined as viraemia 

with >1000 copies/mL while serum or plasma Ad DNA 

loads greater than 10
6
 copies per mL have an increased 

risk for fatal complications. According to different 

studies 
6, 7, 8

 the estimated rate of Ad infection after 

HSCT ranges from 3–47%, with a mortality rate from 

10% to 80%. In post-HSCT patients, adenoviruses are 

the cause of severe respiratory disease, hepatitis, and 

colitis or hemorrhagic cystitis 
9,10

. Screening for AdV 

in the stool and molecular monitoring of viral load in 

serial stool specimens may facilitate early detection of 

impending viremia
11

. The frequency of Ad viremia in 

individuals with peak virus levels in stool specimens 

above 1 × 10
6
 copies per gram was 73% vs 0% in 

patients with Ad levels in stool specimens below this 

threshold 
12

. 

The aim of this study was to assess Adenovirus 

infection in recipients of bone marrow transplantation 

by real time polymerase chain reaction (qPCR) and to 

find out if there is an association between adenovirus 

infection and the occurrence of GVHD in these 

patients. 
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PATIENTS AND METHODS 

Patients and samples: The study was conducted on 30 

pediatric patients admitted to Naser Institute for bone 

marrow transplantation, 13 of them were females and 

17 are males, aged from 1 year to 15 years. Clinically, 

ten patients had β-thalassemia major, six patients had 

Fanconi anemia, four patients had acute lymphoblastic 

leukemia, one patient had chronic lymphoid leukemia, 

one patient had osteopetrosis, one patient had Wiskott 

Aldrich syndrome, one patient had Griscelli‟s 

syndrome, one patient had adrenoleukodysrtophy, one 

patient had severe aplastic anemia, one patient had 

lymphoblastic lymphoma, one patient had congenital 

amegakaryocytic thrombocytopenia, one patient had 

acute myeloblastic leukemia, and one patient had 

severe combined immunodeficiency 

All patients were tested for the occurrence of CMV 

reactivation and rise in serum by qPCR which was 

done routinely on weekly basis. Clinical data were 

collected (Table 1).  

 

Table (1):  incidence of clinical complications that 

occurred after bone marrow transplantation in 

patients included in the study:  

Clinical data Frequency Percent 

CMV 

reactivation 

negative 27 90 

Positive 3 10 

Diarrhea negative 23 76.7 

  Positive 7 23.3 

GVHD negative 24 80 

  Positive 6 20 
GVHD = graft versus host disease, CMV =Cytomegalovirus 

 

The inclusion criteria were: 

Age is less than 18 years, and undergoing allogenic 

hematopoietic stem cell transplantation. 

Sample collection: 

The serum and stool samples were taken one day prior 

to bone marrow transplantation, and every one or two 

weeks afterwards till the patient completes 100 days 

after BMT. Total number of samples was 100 stools 

and 234 serum samples. The stool samples were 

markedly lower in number than serum samples because 

patients were discharged from hospital after 3 weeks of 

HSCT, they were asked to attend in the outpatient 

clinic on weekly basis for follow up and blood 

sampling for routine investigations, most of them 

found some burden to carry stool samples from their 

distant homes to the outpatient clinic.  All samples 

were stored at -20 °C till DNA extraction and sample 

inoculation into tissue culture. 

Ethical consideration: to participate in the study, a 

written consent was obtained from each patient‟s 

guardian following the indications of the ethical 

committee of the faculty of medicine for girls, Al 

Azhar University, Egypt.  All study participants 

approved the storage of their frozen specimens for the 

study research purposes, in our laboratory.  The study 

was approved by the Ethics Board of Ain Shams 

University.  

 

Materials required for cell culture: 

 Hep -2 cells (human epithelial carcinoma strain 2) 

were purchased from and propagated in the virology 

lab in VACSERA (the holding company for 

biological products and vaccines) Cairo, Egypt. 

 Minimum Essential Medium (MEM) with Earle's 

Balanced Salts containing 10% fetal bovine serum, 

penicillin, streptomycin, and gentamicin was used. 

 Reference adenovirus strains:  

 Adenovirus serotype 1, Accession number 

(2010904126) ~1ml, and 

 Adenovirus serotype 5, Accession number 

(2010907500) ~1ml 

 They were kindly obtained from the viral and 

zoonotic diseases research program at NAMRU-3. 

 Adenovirus specific primer were adopted from 

Hiem
13 

and the sequence of them were as follows: 

 5'-GCC-ACG-GTG-GGG-TTT-CTA-AAC-TT-3' 

Adeno-quant 1 (AQ1) and  

 5'-GCC-CCA-GTG-GTC-TTA-CAT-GCA-CAT-C-

3', Adenoquant 2 (AQ2).  

 The sequence of the probe was 5'-TGC-ACC-AGA-

CCC-GGG-CTC-AGG-TAC-TCC-GA-3' 

(Adenoprobe, AP) with FAM labelled as a 

fluorescent dye on the 5' end and TAMRA as a 

fluorescence quencher dye labelled to the 3' end. 

Reaction conditions were 5 minutes 35ºC for Uracil-

DNA-Glycosylase incubation followed by 95ºC for 

10 minutes to activate the „„hot start‟‟ Taq-

polymerase. Forty-five cycles that consisted of 

denaturation at 95ºC for 3 seconds, annealing at 

55ºC for 10 seconds, and extension at 65ºC for 60 

seconds were performed with a temperature increase 

of 0.5ºC/ seconds between the annealing and 

extension step. 

 

METHODS 

The procedure of Sub culturing, maintaining Hep-2 

cells, maintaining the virus stock and isolation of the 

adenoviral causative agent from stool samples was 
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performed as recommended by ATCC (American type 

culture collection). 

DNA was extracted from serum samples by using 

QIAamp MinElute Virus Spin Kit (Qiagen, Dusseldorf, 

Germany) and the procedure was done as 

recommended by manufacturer. DNA was extracted 

from stool samples by using QIAamp DNA Stool Mini 

Kit (Qiagen, Dusseldorf, Germany) and the procedure 

was done as recommended by manufacturer. 

Setting the standard real time PCR curve: 

In order to draw the standard curve for real time PCR, 

the exact number of the copies of the virus had to be 

known, this was achieved through the following four 

main steps: 

First: running a conventional PCR. The primers were 

adopted from Hiem
13

 these primers were designed to 

achieve DNA amplification of all 51 types of the genus 

human AdV. 

Second: purification of the amplicon by using 

QIAquick PCR purification kit (Qiagen, Dusseldorf, 

Germany). 

Third: measuring the amount of DNA in the amplicon 

by using Qubit DNA high sensitivity assay kit 

(Invitrogen, California, USA) and using the Qubit 

device. 

Fourth: the exact virus copy number was calculated by 

using online software called “copy number calculator 

for real time PCR”. 

The exact number of virus copies present in the 

amplicon was 2.88 x 10
10

  copy/ µL, Then a serial 

tenfold dilution was done and they were put in real 

time PCR to set up the standard curve. Finally a real 

time PCR reaction was done for the DNA extracted 

from all serum and stool samples to detect the presence 

and the quantity of adenoviral DNA. 

 

RESULTS  

The Adenoviral DNA was detected in the fecal samples 

of 11 patients; the viral load ranged from 1.2 x 10³ 

copies/gram, to 8.4 x 10
7
 copies per gram, two patients 

had 2 positive stool samples with rising titer indicating 

the progression of the disease.  

The serum samples of the patients who shed the 

adenovirus in the stool were all negative for adenoviral 

DNA. The adenoviral DNA was detected in only two 

serum samples, with a low titer, one of them was only 

500 copies/ml and the other one was 1.6 x 10
4
 copies 

/ml. 

These two patients, who had Adv DNA in their serum, 

had no adenoviral shedding in their stool. 

All stool samples which were taken prior to bone 

marrow transplantation tested negative for adenoviral 

DNA, which indicates that the adenovirus reactivation 

was due to immune suppression by immune-

suppressive medications. The stool samples that tested 

positive for the presence of adenoviral DNA were 

processed by cell culture and the viruses were 

successfully isolated. 

The relation between the presence of adenoviral DNA 

in serum and stool samples and age of the patients was 

calculated using Wilcoxon sum rank test (Table 2). The 

relationship between the presence of adenoviral DNA 

in serum and stool samples were studied against source 

of graft, gender, CMV, diarrhea, GVHD & the 

underlying illness (malignant vs. benign) using chi 

square & fisher exact test as appropriate (Table 3, 4). 

None were significant. 

 

Table (2): The relation between the presence of adenoviral DNA in serum and stool samples and age of the 

patients. 

Descriptive characteristics Wilcoxon sum rank test  

Fecal samples Neg. Fecal Pos. Fecal Z P Significance 

N 19 11 

   Median 7 6 

   Min. 1 3 

   Max. 14 15 

   

   

-0.347 0.729 NS 

Serum samples  Neg. Serum Pos. Serum Z P Significance 

N 28 2 

   Median 7 12.5 

   Min. 1 11 

   Max. 15 14 

   

   

-2.053 0.04 Significant 
N= number, NS= not significant 
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Table (3): Relation between the underlying disease, source of the graft, GVHD, CMV, gender and 

adenoviral DNA presence in fecal samples: 
 

 

Presence of adenoviral 

DNA in stool samples 

Total 

P value 

Negative Positive 

GVHD Negative Count 15 9 24  

 

0.36 * % within GVHD 62.5% 37.5% 100.0% 

Positive Count 2 4 6 

% within GVHD 33.3% 66.7% 100.0% 

Gender Female Count 9 4 13  0.225 @ 

% within Gender 69.2% 30.8% 100.0% 

Male Count 8 9 17 

% within Gender 47.1% 52.9% 100.0% 

CMV negative Count 15 12 27 1 * 

% within CMV 55.6% 44.4% 100.0% 

Positive Count 2 1 3 

% within CMV 66.7% 33.3% 100.0% 

Diarrhea negative Count 15 8 23 0.19 * 

% within Diarrhea 65.2% 34.8% 100.0% 

Positive Count 2 5 7 

% within Diarrhea 28.6% 71.4% 100.0% 

diagnosis benign Count 11 12 23 0.427 * 

% within diagnosis 47.8% 52.2% 100% 

malignant Count 2 5 7 

% within diagnosis 28.6% 71.4% 100% 

Source of 

graft 

1
st
 degree Count 1 1 2  

1* 

% within Source of graft 50.0% 50.0% 100.0% 

2
nd

 degree Count 16 12 28 

% within Source of graft 57.1% 42.9% 100.0% 

Total number of patients 

whose stool samples 

tested positive for the 

presence of adenoviral 

DNA 

Count 19 11 30  

%  56.7% 43.3% 100.0%  

* P value using fisher exact test, @ p value using chi square test 
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Table (4): Relation between the underlying disease, source of the graft, GVHD, CMV, gender and 

adenoviral rise in serum samples: 
 

 
Presence of adenoviral 

DNA in serum samples 

Total 

P value 

Positive Negative 

GVHD negative Count 2 22 24 1 * 

% within GVHD 8.3% 91.7% 100.0% 

Positive Count 0 6 6 

% within GVHD 0.0% 100.0% 100.0% 

Gender Female Count 2 11 13 0.179 * 

% within Gender 15.4 % 84.6% 100 % 

Male Count 0 17 17 

% within Gender 0 % 100 % 100 % 

CMV negative Count 1 26 27 0.193 * 

% within CMV 3.7% 96.3% 100.0% 

Positive Count 1 2 3 

% within CMV 33.3% 66.7% 100.0% 

Diarrhea negative Count 2 21 23 1 * 

% within Diarrhea 8.7% 91.3% 100.0% 

Positive Count 0 7 7 

% within Diarrhea 0.0% 100.0% 100.0% 

diagnosis benign Count 1 22 23 0.418 * 

% within diagnosis 4.3% 95.7% 100.0% 

malignant Count 1 6 7 

% within diagnosis 14.3% 85.7% 100.0% 

Source of graft 1
st
 degree Count 0 2 2 1* 

% within Source of graft 0.0% 100.0% 100.0% 

2
nd

 degree Count 2 26 28 

% within Source of graft 7.1% 92.9% 100.0% 

Total number of patients 

whose serum samples tested 

positive for the presence of 

adenoviral DNA 

Count 2 28 30  

% 6.7% 93.3% 100.0%  

* P value using fisher exact test 

 

DISCUSSION 

This study was conducted on paediatric patients 

only because other studies confirmed that the 

adenoviral infection rate in adult BMT recipients is 

extremely low 
14

. Other similar studies utilized 

multiplex PCR by using 5 sets of primers, this was due 

to the high genetic diversity of the all human AdV 

types which made it difficult to design a single set of 

primers to detect all Ad serotypes 
12

. However, Hiem 

managed to design a single set of primers to detect all 

known HAd serotypes. This was achieved by a strategy 

of constructing consensus sequences that balanced 

mismatches with various so far sequenced human AdV 

types achieving similar melting temperatures 
13.

 

In this study, adenoviral DNA was detected in the 

fecal samples of 11 patients out of thirty patients 

(36.6%), the virus load ranged from 1.2 X 10³ 

copies/gram, to 8.4 X 10
7
 copies per gram, two patients 
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had 2 positive stool samples with rising titer indicating 

the progression of the disease. This result is very close 

to other similar studies 
11, 12, 15

. All stool samples which 

were taken prior to bone marrow transplantation tested 

negative for adenoviral DNA, which indicates that the 

adenovirus infection was due to immune suppression 

by immune-suppressive medications. Conversely with 

other studies denoting higher frequency of adenoviral 

DNA rise in the serum of BMT patients that may reach 

(44.8%) 
5,9,10

, our study showed very low frequency 

(6.6%). For explanation, we point out that all patients 

were given prophylactic dose of ganciclovir to guard 

against CMV infection, which probably has limited the 

adenoviral replication and rise in the serum of patients 

and limited the replication to intermediate viral load 

(maximum copy number in stool samples was 8.4 X 

10
7  

copy/ gram). In addition, the rise of AdV DNA in 

the serum of these two patients can be also explained 

by the fact that AdV DNA can be detected with low 

level (1.7 X 10³ copies/ml) in blood samples of any 

person; this is related to a latent or persistent infection 

of lymphoid cells 
13.

  

Consistent with Bil-Lula, there‟s a higher 

frequency of adenoviral reactivation in male patients 
16

. 

In contrast with Mynarek that point out that the 

frequency of adenoviral infection is higher in patients 

younger than 5 years 
8
, our study showed no relation 

between the age of the patients and adenoviral 

shedding in stool. This may be due to small number of 

patients included in this study compared with other 

studies. 

Van Montfrans showed that there was a higher 

frequency of adenoviral reactivation in HSCT patients 

who experienced moderate to severe GVHD, however, 

our study showed no relation between adenoviral 

reactivation and development of GVHD 
17

.This is 

because most of the patients in our study experienced a 

very mild GVHD, which showed gradual improvement 

after a short period of time.  

In accordance with Matthes-Martin study, there 

was no relation between the adenoviral reactivation 

and the occurrence of diarrhea
18

. 

Mynarek reported that adenoviral infection rises 

in HSCT patients who received the graft from 

unrelated donor 
8
. In our study, patients received grafts 

from first and second degree relatives, none of them 

received graft from unrelated donor. 

In accordance with Rustia study, there‟s no 

relation between CMV rise in the serum of the patients 

and adenoviral shedding in stool. On the other hand, 

one of the two patients in this study who had a rise in 

adenoviral DNA in their serum, showed concomitant 

rise of CMV also, which is consistent with the same 

study that denote that adenoviral-CMV co-reactivation 

and rise in serum in BMT patients may reach 14.3%
 6
. 

 

CONCLUSION 

     Eleven out of thirty patients experienced adenoviral 

reactivation and shedding in the stool, this shedding 

did not lead to rise of adenoviral DNA in their serum, 

and didn‟t increase the frequency of occurrence of 

diarrhea, GVHD or related to CMV rise in serum. 

     Therefore, monitoring of adenoviral reactivation in 

pediatric bone marrow transplantation recipients is 

recommended by detection of the adenoviral DNA load 

in stool samples by real time PCR.  

 

REFERENCES 
1- Klein OR, Chen AR, Gamper C, Loeb D, Zambidis E, 

Llosa N, Huo J, Dezern AE, Steppan D, Robey N, Holuba 

MJ, Cooke KR, Symons HJ (2016): Alternative donor 

hematopoietic stem cell transplantation with post-

transplantation cyclophosphamide for nonmalignant 

disorders. Biol Blood Marrow Transplant, 22(5): 895–901. 

2- Sahin U, Toprak SK, Atilla PA, Atilla E, Demirer T 

(2016): An overview of infectious complications after 

allogeneic hematopoietic stem cell transplantation. J Infect 

Chemother, 22(8):505-14 

3- Hill JA, Mayer BT, Xie H, Leisenring WM, Huang 

ML, Stevens-Ayers T, Milano F, Delaney C, Sorror ML, 

Sandmaier BM, Nichols G, Zerr DM, Jerome KR, 

Schiffer JT, Boeckh M (2017): The cumulative burden of 

double-stranded DNA virus detection after allogeneic HCT 

is associated with increased mortality. Blood, 129(16):2316-

2325. 

 4- Lynch JP 3rd, Kajon AE (2016): Adenovirus: 

epidemiology, global spread of novel serotypes, and 

advances in treatment and prevention. Semin Respir Crit 

Care Med., 37(4):586-602 

5- Lee YJ, Prockop SE, Papanicolaou GA (2017): 
Approach to adenovirus infections in the setting of 

hematopoietic cell transplantation. Curr Opin Infect Dis., 

30(4):377-387. 

6- Rustia E, Violago L, Jin Z, Foca MD, Kahn JM, 

Arnold S, Sosna J, Bhatia M, Kung AL, George D, 

Garvin JH, Satwani P (2016): Risk factors and utility of a 

risk-based algorithm for monitoring cytomegalovirus, 

Epstein-Barr virus, and adenovirus infections in pediatric 

recipients after allogeneic hematopoietic cell transplantation. 

Biol Blood Marrow Transplant, 22(9):1646-1653 

7- Hiwarkar P, Gaspar HB, Gilmour K, Jagani M, 

Chiesa R, Bennett-Rees N, Breuer J, Rao K, Cale C, 

Goulden N, Davies G, Amrolia P, Veys P, Qasim W 

(2013): Impact of viral reactivations in the era of preemptive 

antiviral drug therapy following allogeneic haematopoietic 

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=26860634


Arwa Kamhawy et al. 

3092 

 

SCT in paediatric recipients.  Bone Marrow Transplant, 

48:803–808.  

8- Mynarek M, Ganzenmueller T, Mueller-Heine A, 

Mielke C, Gonnermann A, Beier R, Sauer M, Eiz-Vesper 

B, Kohstall U, Sykora KW, Heim A, Maecker-Kolhoff B 

(2014): Patient, virus, and treatment-related risk factors in 

pediatric adenovirus infection after stem cell transplantation: 

results of a routine monitoring program. Biol Blood Marrow 

Transplant, 20:250–256. 

9- Admiraal R, de Koning CCH, Lindemans CA, 

Bierings MB, Wensing AMJ, Versluys AB, Wolfs TFW, 

Nierkens S, Boelens JJ (2017): Viral reactivations and 

associated outcomes in the context of immune reconstitution 

after pediatric hematopoietic cell transplantation.  J Allergy 

Clin Immunol, 140(6):1643-1650.e9 

10- Lion T (2014): Adenovirus Infections in 

Immunocompetent and Immunocompromised Patients. Clin 

Microbiol Rev, 27(3): 441–462. 

11- Srinivasan A, Klepper C, Sunkara A, Kang G, Carr 

J, Gu Z, Leung W, Hayden RT (2015): Impact of 

adenoviral stool load on adenoviremia in pediatric 

hematopoietic stem cell transplant recipients. Pediatr Infect 

Dis J., 34(6):562-5. 

12- Kosulin K, Dworzak S, Lawitschka A, Matthes-

Leodolter S, Lion T (2016): Comparison of different 

approaches to quantitative adenovirus detection in stool 

specimens of hematopoietic stem cell transplant recipients. J 

Clin Virol., 85:31-36. 

13- Heim  A, Ebnet C, Harste G, Pring-Akerblom P 

(2003): Rapid and quantitative detection of human 

adenovirus DNA by real-time PCR. J Med Virol.,  

70(2):228-39.  

14- Hubmann M, Fritsch S, Zoellner AK, Prevalsek D, 

Engel N, Bücklein V, Mumm F, Schulz C, Stemmler HJ, 

Jäger G, Ledderose G, Kolb HJ, Hausmann A, 

Hiddemann W, Moosmann A, Tischer J (2016): 
Occurrence, risk factors and outcome of adenovirus infection 

in adult recipients of allogeneic hematopoietic stem cell 

transplantation. J Clin Virol., 82:33-40 

15-Feghoul L, Chevret S, Cuinet A, Dalle JH, Ouachée 

M, Yacouben K, Fahd M, Guérin-El Khourouj V, 

Roupret-Serzec J, Sterkers G, Baruchel A, Simon F, 

LeGoff J (2015): Adenovirus infection and disease in 

paediatric haematopoietic stem cell transplant patients: clues 

for antiviral pre-emptive treatment. Clin Microbiol Infect., 

21(7):701-9 

16- Bil-Lula I, Ussowicz M, Rybka B, Wendycz-

Domalewska D, Ryczan R, Gorczyńska E, Kałwak K, 

Woźniak M (2010): PCR diagnostics and monitoring of 

adenoviral infections in hematopoietic stem cell 

transplantation recipients. Arch Virol. ,155(12):2007-15. 

17- van Montfrans J, Schulz L, Versluys B, de Wildt A, 

Wolfs T, Bierings M, Gerhardt C, Lindemans C, 

Wensing A, Boelens JJ (2015): Viral PCR positivity in 

stool before allogeneic hematopoietic cell transplantation is 

strongly associated with acute intestinal graft-versus-host 

disease. Biol Blood Marrow Transplant., 21(4):772-4. 

18- Matthes-Martin S, Feuchtinger T, Shaw PJ, 

Engelhard D, Hirsch HH, Cordonnier C, Ljungman P 

(2011): European guidelines for diagnosis and treatment of 

adenovirus infection in leukemia and stem cell 

transplantation: summary of ECIL-4 (2011). Transpl Infect 

Dis.,14(6):555-63.

 

 


