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ABSTRACT 

Background: The spectrum of human illness caused by cytomegalovirus (CMV) is diverse and mostly depended on 

the host. CMV infections in immunocompromised patients cause substantial morbidity and mortality, especially 

among transplant recipients. Most centers favor a pre-emptive approach for CMV in haematopoietic stem cell 

transplantation rather than a prophylactic approach to minimize toxicity from anti-viral agents. This study was done to 

determine the frequency of Cytomegalovirus reactivation and symptomatic infections with pre-transplant prophylactic 

ganciclovir versus no prophylaxis in patients undergoing allogenic haematopoietic stem cell transplantation. This study 

assessed the incidence of non-relapse mortality and overall survival for the first 100 days post-transplant in patients 

undergoing allogenic haematopoietic stem cell transplantation and receiving pre-transplant prophylactic ganciclovir 

versus those who received no prophylaxis. 

Material and Methods: This Retrospective comparative observational study was conducted at the Department of 

Clinical Hematology and Bone Marrow Transplant, Shifa International Hospital, Islamabad, 01 Jan 2017 to 31 Jul 

2021.A total of 106 patients, who underwent allogenic haematopoietic stem cell transplant, were included in this study 

for retrospective analysis between 2017 and 2021. Patients who received ganciclovir prophylaxis were placed in Group 

A while those that didn’t were placed in Group B. Ganciclovir was administered at a dose of 5 mg/kg twice daily seven 

days prior to transplant and ceased on the day of transplant. All patients were placed on acyclovir 400 mg twice daily 

from day 0 to day 100 of transplant. Patients received a weekly or bi-weekly test for quantitative serum CMV PCR till 

day 100 post-transplant. CMV reactivation was defined as a viremia of greater than 150 IU/ml. Data was analyzed 

using SPSS 26.0. 

Results: Ganciclovir prophylaxis was associated with a lower degree of CMV reactivation: 38 (61.3%) with 

prophylaxis versus 44 (89.8%) without prophylaxis, but with a higher rate of transplant related mortality, 14 (22.5%) 

with prophylaxis, vs. 4 (8.1%) without prophylaxis The increased transplant related mortality was likely due to 

primary engraftment failure in 7 (11.2%) with prophylaxis, while no cases of engraftment failure were seen without 

prophylaxis. 

Conclusion: CMV prophylaxis with ganciclovir is effective in preventing CMV reactivation at the cost of increased 

transplant related mortality in the form of primary engraftment failure. 
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BACKGROUND 

Cytomegalovirus (CMV), also known as human 

herpesvirus-5, is a globally endemic DNA virus                    

which usually lies dormant in myeloid cells                      

of the immune competent host, but is one                                  

of the most common pathogenic organisms in               

immune such as those undergoing allogeneic hemato- 
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poietic compromised stem cell under-going allogeneic 

hematopoietic stem cell transplantation (HSCT).1 

Manifestations vary from asymptomatic viremia or 

mild constitutional symptoms to life threatening organ 

involvement, including the lung, gastro-intestinal tract 

and the central nervous system.2 CMV reactivation, in 

the context of HSCT, is associated with other 

complications, such as chronic graft versus host 

disease (GvHD), graft failure and increased incidence 

of concurrent infections, and results in an increase in 

non-relapse mortality (NRM), estimated to be about 

one quarter of affected patients, as such prevention of 
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reactivation is of paramount importance in HSCT 

patients.3 

Patients at high risk of reactivation include CMV-

seropositive HSCT recipients and CMV-seropositive 

donors with 30–80% and 32% chance for reactivation 

by Day 100 post-transplant, respectively.4,5 Measures to 

reduce risk of CMV reactivation include selecting a 

CMV-negative fully matched donor, utilization of 

leucocyte depleted blood for transfusion, surveillance 

to detect early CMV viremia for e.g., a once weekly 

CMV PCR, and early treatment and prophylactic 

administration of anti-viral medication.6 

The prophylactic use of Ganciclovir to prevent CMV 

reactivation post-HSCT has been shown to decrease the 

frequency of CMV reactivation and overt disease, but 

this effect does not appear to translate into reduction in 

NRM.7 Furthermore, the drug is known to cause bone 

marrow toxicity, making its employment during the 

transplant period rather undesirable, with particular 

concerns about delays in engraftment.8 Alternatives 

such as Foscarnet are significantly nephrotoxic, while 

newer drugs like Letermovir are prohibitively 

expensive, and not readily available.9,10 As such, in a 

prophylactic strategy, the best drug, and optimal dosing 

schedule is still up for debate, and it comes as no 

surprise that most centers adopt a pre-emptive testing 

approach, while employing standard doses of acyclovir 

or valacyclovir as antiviral prophylaxis for herpes 

simplex virus alone.11 

The ideal scenario for employment of Ganciclovir in 

the setting of HSCT would entail a minimal risk of 

bone marrow suppression, no delays in engraftment, 

and prevention of CMV reactivation. Multiple, 

retrospective, non-randomized studies have not been 

able to resolve this issue conclusively.12 This study was 

conducted to determine whether administration of pre-

transplant ganciclovir was associated with decreased 

reactivation of CMV when compared to patients who 

were placed on standard post-transplant antiviral 

prophylaxis only in an attempt to ascertain whether 

prophylaxis is associated with benefits in terms of 

decreased activation and a reduction in non-relapse 

mortality. The effect of Ganciclovir vis-à-vis the time 

of neutrophil and platelet engraftment was also studied. 

 

MATERIAL AND METHODS 

This was a retrospective comparative observational 

study, conducted on records starting from 01 Jan 2017 

to 31 Jul 2021 in the Department of Clinical 

Hematology and Bone Marrow & Stem Cell Transplant 

Unit, Shifa International Hospital, Islamabad on 106 

patients who reported for allogeneic hematopoietic 

stem cell transplantation, after receiving informed 

consent from patients/guardians, and after receiving the 

appropriate ethical clearance. Informed consent for use 

of patients’ data for future research purposes is 

obtained as standard practice in our institute. Patients 

of both genders between 4 to 65 years of age 

undergoing first allogeneic hematopoietic stem cell 

transplantation were included. Patients who had 

reactivation of CMV prior to transplant were excluded 

from the study. 

We started using Ganciclovir pre-transplant 

prophylaxis in Dec 2018.Patients were assigned into 

one of two groups: patients who received Ganciclovir 

prophylaxis were placed in Group A (starting Dec 

2018), while those who did not receive prophylaxis 

were placed in Group B (before Dec 2018). All data 

was collected from the electronic hospital record using 

a patient specific record number. Patients in Group A 

received Ganciclovir at a dose of 5 mg/kg twice daily 

in the 7 days prior to transplant, which was stopped at 

transplant. Patients of both groups were then placed on 

Acyclovir 400 mg twice daily, which was continued till 

day 100. NRM was defined as death post-transplant 

before Day-100 that was not preceded by recurrence or 

progression of primary disease for which transplant 

was done,13 while CMV reactivation was defined as a 

viremia of greater than 150 IU/ml, as defined by Green 

et al.14 

Data was analyzed using SPSS version 26.0. Mean and 

SD was calculated for quantitative variables 

specifically age, time to neutrophil and platelet 

engraftment, time post-transplant after which viremia 

occurred, degree of viremia, duration of treatment 

required, overall survival, and dose of stem cells given 

for transplant. Qualitative variables like gender, 

diagnosis, whether CMV reactivation occurred, 

whether patient required treatment for reactivation or 

not, CMV status after treatment, organ system affected 

by CMV, whether mortality occurred or not, and 

conditioning regimen used for transplant were recorded 

in terms of frequency and percentage. Chi square test 

was applied to all qualitative variables for associated, 

while the independent samples t-test was applied to 

compare quantitative variables. All variables were 
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compared between patients with CMV reactivation 

versus those without reactivation, using chi square test 

and independent samples t-test, for qualitative and 

quantitative variables, respectively. The p value of 

≤0.05 was taken as significant. Kaplan-Meier curves 

were calculated to compare overall survival between 

the groups. 

 

RESULTS 

We studied a total of 111 patients, of whom 62 (55.9%) 

received prophylaxis while 49 (44.1%) did not. The 

mean age of the patients in our sample was 28.07 ± 

13.16 years, with the majority of the sample being 

male i.e., 87 (78.4%) with a male to female ratio of 

3.625 to 1. The group-wise demographic data, and 

breakdown according to diagnosis is showed in Table-

1. None of the variables demonstrated statistical 

difference across groups. 

All recipients and donors underwent evaluation for 

CMV antibody status, the results of which are 

displayed in Table-2. There was no difference between 

the two groups with regards to the pre-transplant CMV 

IgG and IgM status in either the donor or the recipient. 

 Patients were documented for different transplant 

characteristics, which are shown in Table-3. There 

were significant differences between the two groups 

with regards to conditioning regimens used. Group A 

had a higher mean dose of stem cells infused, the 

difference between the groups was statistically 

significant, (p=0.025) although both doses (6 and 8 

million/kg recipient weight), would be deemed 

adequate. In Group B, platelet engraftment was 

delayed by mean duration of 3.57 ± 8.18 days, 

(p=0.044).  

Patients were studied for outcomes and interventions 

related to CMV management, as shown in Table-4. 

CMV was more frequently detected in Group B, 

(p=0.001), and most of the cases in both groups had 

asymptomatic viremia: 38 (51.6%) in Group A versus 

21 (42.8%) in Group B. However, the major difference 

was in the development of CMV enteritis: in Group B, 

13 (26.5%) developed the complication vs. only 5 

(8.1%) in Group A. Data for survival and post-

transplant outcomes is shown in Table-5. In Group A, 

7 (11.3%) patients suffered from engraftment failure, 

while no patients developed this complication in Group 

B, (p=0.015). Mortality at a hundred days post-HSCT 

was also higher in Group A than in Group B, 14 

(22.6%) versus 4 (8.2%), respectively, (p=0.041).  

Kaplan-Meier curves were calculated for comparison 

between both groups for overall survival at 100 days 

post-HSCT, as well as overall survival till last follow-

up, as shown in Figures-1 and 2. Survival was 

significantly reduced in Group A, as compared to 

Group B, in the first 100 days post HSCT, indicating a 

high transplant related mortality (TRM) as seen in 

Figure-1. This difference persisted till 34 months post 

HSCT, despite a longer follow-up period with Group 

B, as demonstrated in Figure-2. 

 

Table-1: Pre-Transplant patient characteristics. 

Variable Group A Group B p value 

Mean Age (years) 27.35 ± 13.42 28.98 ± 12.90 0.521 

Gender 

Male 47 (75.8%) 40 (81.6%) 
0.459 

Female 15 (24.2%) 9 (18.4%) 

Diagnosis 

Aplastic Anaemia 15 (24.2%) 11 (22.5%) 

0.485 

 

Acute Myeloblastic Leukemia 21 (33.9%) 17 (34.7%) 

B-Acute lymphoblastic leukemia 7 (11.4%) 5 (10.3%) 

T-Acute Lymphoblastic Leukemia 3 (4.9%) 4 (8.2%) 

Thalassemia Major 2 (3.2%) 4 (8.2%) 

Mixed Phenotype Leukemia 1 (1.6%) 2 (4.1%) 

Myelodysplastic Syndrome 2 (3.2%) 0 (0%) 

Paroxysmal Nocturnal Haemoglobinuria 2 (3.2%) 1 (2.0%) 

Hodgkin Lymphoma 0 (0%) 1 (2.0%) 

Budd Chiari 0 (0%) 1 (2.0%) 

Myeloproliferative Neoplasm 0 (0%) 1 (2.0%) 

Fanconi Anaemia 0 (0%) 1 (2.0%) 

Chronic Myeloid Leukemia 2 (3.2%) 0 (0%) 

Myelofibrosis 2 (3.2%) 0 (0%) 



Pre-transplant ganciclovir prophylaxis to prevent cmv infections in allogeneic hematopoietic stem cell transplant recipients 

 

Infect Dis J Pak. 2022; 31 (1): 15-21   18 

 

Haemophagocytic Lymphohistiocytosis 2 (3.2%) 0 (0%) 

Glanzmann's Thrombasthenia     1 (1.6%)  0 (0%) 

Multiple Myeloma 1 (1.6%) 0 (0%) 

Myeloid Sarcoma 1 (1.6%) 0 (0%) 

Diffuse Large B Cell Lymphoma 0 (0%) 1 (2.0%) 

 

Table-2: Pre-transplant CMV antibody status. 

Variable Group A Group B p value 

Donor 

CMV IgM 6 (9.7%) 1 (2.0%) 0.1 

CMV IgG 62 (100.0%) 49 (100.0%) 1.0 

Recipient 

CMV IgM 1 (1.6%) 1 (2.0%) 0.866 

CMV IgG 61 (98.4%) 48 (97.9%) 0.866 
 

Table-3: Patient Transplant Characteristics. 

Variable Group A Group B p value 

Conditioning Regimen 

Flu-Cy-ATG 14 (22.6%) 13 (26.5%) 

 

 

 

 

 

 

 

 

 

 

0.366 

Bu-Cy 28 (45.2%) 19 (38.8%) 

Bu-Flu-Mel/Post-Cy 6 (9.7%) 8 (16.4%) 

Bu-Flu-Cy/Post Cy 0 (0%) 1 (2.0%) 

Bu-Flu-Cy-ATG 0 (0%) 3 (6.1%) 

Bu-Flu-Cy 2 (3.2%) 1 (2.0%) 

Flu-Mel 4 (6.5%) 4 (8.2%) 

Flu-Mel-Cy-ATG 1 (1.6%) 0 (0%) 

Bu-Flu-ATG 2 (3.2%) 0 (0%) 

Cy-TBI-ATG 1 (1.6%) 0 (0%) 

Flu-Cy-TBI 2 (3.2%) 0 (0%) 

Flu-Mel/Post- Cy 1 (1.6%) 0 (0%) 

Bu-Flu-Thiotepa 1 (1.6%) 0 (0%) 

Transplant Parameters 

Stem Cell Dose (Million/kg) 8.32 ± 3.79 6.64 ± 3.99 0.025 

Day of Neutrophil Engraftment 12.83 ± 3.07 14.06 ± 4.87 0.112 

Day of Platelet Engraftment 14.18 ± 3.98 17.71 ± 12.16 0.044 

 

Table-4: CMV related data. 

Variable Group A Group B p value 

CMV Detection 

Yes 38 (61.3%) 44 (89.8%) 
0.001 

No 24 (38.7%) 5 (10.2%) 

Post-Transplant Day CMV Detected 26.69 ± 27.06 23.90 ± 16.24 0.525 

CMV Copies on Initial Detection (Mean ± Range) 3548.1 ± 154551 3857.3 ± 64997 0.923 

Type of CMV Disease 

Viraemia 32 (51.6%) 21 (42.9%) 

0.007 

Hepatitis 1 (1.6%) 0 (0%) 

Oesophagitis 0 (0%) 1 (2.0%) 

Enteritis 5 (8.1%) 13 (26.5%) 

Pneumonitis 1 (1.6%) 4 (8.2%) 

Retinitis 1 (1.6%) 3 (6.1%) 

Cystitis 0 (0%) 1 (2.0%) 

None 22 (35.5%) 6 (12.3%) 

Treatment for CMV Received 

Yes 20 (32.3%) 14 (28.6%) 
0.676 

No 42 (67.7%) 35 (71.4%) 

Time to Clear CMV (Days) 55.59 ± 28.60 59.77 ± 55.56 0.691 

Treatment Duration (Weeks) 2.20 ± 0.616 2.57 ± 0.756 0.125 

Biopsy Done 5 (8.1%) 8 (18.3%) 0.179 
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Biopsy Positive 2 (3.2%) 1 (2.0%) 0.702 

Treatment Outcome 

Treated till Undetectable 17 (27.4%) 22 (44.9%) 

0.002 
Lost to Follow Up 2 (3.2%) 10 (20.4%) 

No Treatment Required 37 (59.7%) 13 (26.5%) 

Persistent Viraemia 6 (9.7%) 4 (8.2%) 

 

Table-5: post-transplant outcomes 

Variable Group A Group B p value 

Engraftment Failure 7 (11.3%) 0 (0%) 0.015 

Day-100 Mortality 14 (22.6%) 4 (8.2%) 0.041 

Overall Mortality at Last Follow-Up 23 (37.1%) 17 (34.7%) 0.793 

Mean Survival Duration Survival at 

Last Follow-Up (Months) 
13.29 ± 9.70 32.04 ± 16.33 <0.001 

 
Figure-1: Overall Survival at 100 days post-HSCT. 

 
Figure 2: Overall Survival at Last Follow-Up) 

 

DISCUSSION  

We conducted this study to determine the frequency of 

reactivation of CMV disease, its types and effect on 

overall survival (OS) in patients who received 

prophylaxis for CMV versus those who did not receive 

any prophylaxis while undergoing HSCT. Ganciclovir 

is a readily available drug with antiviral activity against 

CMV, which has been used in a prophylactic role in 

patients with HSCT as early as 1993.15,16 The aim of 

revisiting the issue was two-fold, the first was to 

determine whether the CMV reactivation rates in 

Pakistan were comparable to those available in 

literature internationally; whether the benefits of CMV 

prophylaxis translated to the Pakistani ethnicity, and 

secondly, to determine whether there was a short and 

long-term mortality benefit associated with ganciclovir 

prophylaxis during the conditioning period or vice-

versa. This study demonstrated that there was indeed a 

reduced incidence of CMV reactivation in patients 

post-HSCT with pre-transplant ganciclovir 

prophylaxis, but with an increased risk of engraftment 

failure, a lower 100-day OS, and a lower OS at last 

follow-up.   

Reed et al reported that 36 (33%) patients in their 

sample had CMV reactivation within the first 100 days 

of transplant, all of whom had been given ganciclovir 

prophylaxis which was less than half of the incidence 

in our sample (n=40, 64.5%).8 This difference may be 

partially attributable to the difference in source of stem 

cell harvest; while Reed et al used different sources, 

our study was based exclusively on patients, who 

received harvests from peripheral blood, which is 

known to carry a higher incidence of reactivation.17  

Moreover, this study used higher resolution PCR 

(lower limit of detection 41 copies/mL), as opposed to 

Reed et al, which used detection methods limited to 

150 copies/mL, which meant a higher number of cases 

with minimal viremia were detected in our study.8 

Hammerstrom et al saw a higher reactivation rate of 

CMV than in our study, with a frequency of up to 71%, 

with ganciclovir, during the first 100 days post-HSCT, 

which may be explained by the use of lower doses of 
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ganciclovir in that study, as well the higher dose of 

immunosuppression used, the transplants being 

haploidentical.12 Variation in reactivation across 

literature may also be explained by the fact that the 

vast majority of our sample were already exposed to 

CMV, while this was not the case in other studies.8,15,16 

Goodrich et al reported that no patients developed 

CMV reactivation in their study arm with ganciclovir, 

while 9 (29%) patients on placebo suffered from CMV 

reactivation within 100 days post-HSCT, (p<0.001).15 

Both Reed et al and Goodrich et al reported that there 

was no delay in engraftment in their study, which was 

not unexpected since both studies started their 

interventions post-engraftment. In the current study, 

there was no delay in engraftment with ganciclovir in 

patients who eventually engrafted, however, 

engraftment failure was seen in 7 (11.3%) cases of the 

therapeutic arm.8 Hammerstrom et al did not report any 

graft failures in the ganciclovir arm, despite receiving a 

full course till Day -2, which conflicts in results with 

this study.(12) Winston et al initiated ganciclovir 

prophylaxis, as in our study, in their initial sample of 

130 patients, however, they dropped patients who died 

during the study period i.e., 33 (25.4%) of whom 9 

(6.9%) developed primary engraftment failure, all of 

whom were from the ganciclovir arm.16 Engraftment 

failure, with pre-stem cell infusion ganciclovir 

prophylaxis is clearly an understudied problem, which 

requires further research.  

This study showed a statistically significant difference 

in mortality at 100 days between patients receiving 

ganciclovir prophylaxis versus those who did not, 14 

(22.6%) versus 4 (8.2%), respectively, (p=0.041), 

primarily occurring due to engraftment failure 

occurring in the ganciclovir arm. Goodrich et al 

reported that there was no significant difference 

between ganciclovir and placebo in terms of mortality 

at 100 days, however, Goodrich et al excluded patients 

who did not engraft from their analysis.15 Winston et al 

noted that there was no difference in overall survival 

between ganciclovir and placebo: 29 (64%) patients 

were alive in the placebo group versus 28 (70%) in the 

ganciclovir prophylaxis group at 120 days post-HSCT, 

(p>0.2), indicating that there was no mortality benefit, 

a conclusion that was shared by Hammerstrom et 

0al.12,16 

Obstacles to developing an effective anti-viral regimen 

for prophylaxis include cost, availability and toxicity; 

ganciclovir and related compounds such as 

valganciclovir and even foscarnet are notorious for 

causing acute kidney injury and problems with delayed 

engraftment, engraftment failure and neutropaenia.18-21 

Thus, the search is on for a better, safer prophylactic 

modality, for which one possible alternative is 

letermovir which has been found to be effective, when 

compared to placebo, in terms of rates of CMV 

reactivation; 60.6% for placebo versus 37.5% with 

letermovir.22 

This study was limited by its retrospective nature, as 

well as the difference in length of follow-up between 

the study and control arms. It was also limited by a 

small sample size and the management modalities 

relied upon the prevailing best clinical practice during 

that time period, which may have resulted in some 

degree of confounding. Clinically, drug resistance was 

encountered in one patient only and is not prevalent in 

our population.  

 

CONCLUSION 

Effective prevention of CMV reactivation is one of the 

goals of HSCT. Prophylactic employment of anti-CMV 

drugs have been proposed to reduce CMV-related 

morbidity and mortality. Multiple agents, some novel, 

have been suggested for use in this role, not all of 

which are available in the low-resource setting, while 

the rest are associated with significant toxicities. This 

study demonstrates that while ganciclovir is indeed 

effective in reducing CMV activation, transplant-

related mortality is higher, primarily due to 

engraftment failure, which may require a re-evaluation 

of the practice of prophylaxis with this drug. Future 

research is necessary to study this aspect of HSCT in a 

prospective and randomized manner. 

 

REFERENCES  
1. Gupta M, Shorman M. Cytomegalovirus. In: StatPearls. 

Treasure Island (FL): StatPearls Publishing; 2022 [cited 

2022 Sep 15]. Available from: 

http://www.ncbi.nlm.nih.gov/books/NBK459185/ 

2. Gonçalves C, Cipriano A, Videira Santos F, Abreu M, 

Méndez J, Castro RSE. Cytomegalovirus acute infection 

with pulmonary involvement in an immunocompetent 

patient. IDCases. 2018;14:e00445.  

DOI: 10.1016/j.idcr.2018.e00445 



Pre-transplant ganciclovir prophylaxis to prevent cmv infections in allogeneic hematopoietic stem cell transplant recipients 

 

Infect Dis J Pak. 2022; 31 (1): 15-21   21 

 

3. Solano C, Giménez E, Piñana JL, Albert E, Vinuesa V, 

Hernández-Boluda JC, et al. Impact of cytomegalovirus 

DNA emia on overall and non-relapse mortality in 

allogeneic stem cell transplant recipients. Transpl Infect 

Dis 2017;19(4):12717. DOI: 10.1111/tid.12717 

4. Styczynski J. Who is the patient at risk of CMV 

recurrence: A review of the current scientific evidence 

with a focus on hematopoietic cell transplantation. Infect 

Dis Ther 2018;7(1):1-16.  

DOI: 10.1007/s40121-017-0180-z  

5. Green ML, Leisenring W, Stachel D, Pergam SA, 

Sandmaier BM, Wald A, et al. Efficacy of a viral load-

based, risk-adapted, preemptive treatment strategy for 

prevention of cytomegalovirus disease after 

hematopoietic cell transplantation. Biol Blood Marrow 

Transplant. 2012;18(11):1687–99. DOI: 

10.1016/j.bbmt.2012.05.015 

6. Meesing A, Razonable RR. New developments in the 

management of cytomegalovirus infection after 

transplantation. Drugs 2018;78(11):1085–103.  

DOI: 10.1007/s40265-018-0943-1 

7. Chen K, Cheng MP, Hammond SP, Einsele H, Marty 

FM. Antiviral prophylaxis for cytomegalovirus infection 

in allogeneic hematopoietic cell transplantation. Blood 

Adv 2018;2(16):2159–75.  

DOI: 10.1182/bloodadvances.2018016493 

8. Reed DR, Petroni GR, West M, Jones C, Alfaraj A, 

Williams PG, et al. Prophylactic pretransplant 

ganciclovir to reduce cytomegalovirus infection after 

hematopoietic stem cell transplantation. Hematol Oncol 

Stem Cell Ther. 2021;S1658-3876(21)00052-2.  

DOI: 10.1016/j.hemonc.2021.05.001 

9. Garikapati S, Nguyen M. Foscarnet. In: StatPearls 

[Internet]. Treasure Island (FL): StatPearls Publishing; 

2022 [cited 2022 Sep 15]. Available from: 

http://www.ncbi.nlm.nih.gov/books/NBK556108/ 

10. El Helou G, Razonable RR. Letermovir for the 

prevention of cytomegalovirus infection and disease in 

transplant recipients: an evidence-based review. Infect 

Drug Resist. 2019;12:1481–91.  

DOI: 10.2147/IDR.S180908 

11. Cho SY, Lee DG, Kim HJ. Cytomegalovirus infections 

after hematopoietic stem cell transplantation: Current 

status and future immunotherapy. Int J Mol Sci. 

2019;20(11):2666.  DOI: 10.3390/ijms20112666 

12. Hammerstrom AE, Lombardi LR, Pingali SR, Rondon G, 

Chen J, Milton DR, et al. Prevention of cytomegalovirus 

reactivation in haploidentical stem cell transplantation. 

Biol Blood Marrow Transplant. 2018 Feb;24(2):353-58.  

DOI: 10.1016/j.bbmt.2017.09.018 

13. McDonald GB, Sandmaier BM, Mielcarek M, Sorror M, 

Pergam SA, Cheng GS, et al. Survival, Nonrelapse 

mortality, and relapse-related mortality after allogeneic 

hematopoietic cell transplantation: Comparing 2003-2007 

Versus 2013-2017 Cohorts. Ann Intern Med. 2020 

18;172(4):229-39. DOI: 10.7326/M19-2936 

 

 

 

 

 

 

 

14. Goodrich JM, Bowden RA, Fisher L, Keller C, Schoch 

G, Meyers JD. Ganciclovir prophylaxis to prevent 

cytomegalovirus disease after allogeneic marrow 

transplant. Ann Intern Med. 1993; 18(3):173–78.  

DOI: 10.7326/0003-4819-118-3-199302010-00003 

15. Winston DJ, Ho WG, Bartoni K, Du Mond C, Ebeling 

DF, Buhles WC, et al. Ganciclovir prophylaxis of 

cytomegalovirus infection and disease in allogeneic bone 

marrow transplant recipients. Results of a placebo-

controlled, double-blind trial. Ann Intern Med. 

1993;118(3):179–84. 

DOI: 10.7326/0003-4819-118-3-199302010-00004 

16. Metwally M, El-Shanshory M, Allam N, Soliman R, Abu 

Ouf H. A study on some factors affecting CMV 

reactivation in allogeneic hematopoietic stem cells 

transplantation. Int J Cancer Biomed Res. 2021;5(3):165–

75. DOI: 10.21608/JCBR.2020.50141.1095 

17. Boeckh M, Ljungman P. How we treat cytomegalovirus 

in hematopoietic cell transplant recipients. Blood 

2009;113(23):5711–9.  

DOI:https://doi.org/10.1182/blood-2008-10-143560 

18. Bregante S, Bertilson S, Tedone E, Van Lint MT, Trespi 

G, Mordini N, et al. Foscarnet prophylaxis of 

cytomegalovirus infections in patients undergoing 

allogeneic bone marrow transplantation (BMT): A dose-

finding study. Bone Marrow Transplant. 2000;26(1):23–

29.  

DOI: 10.1038/sj.bmt.1702450 

19. Bacigalupo A, Tedone E, Van Lint MT, Trespi G, 

Lonngren M, Sanna MA, et al. CMV prophylaxis with 

foscarnet in allogeneic bone marrow transplant recipients 

at high risk of developing CMV infections. Bone Marrow 

Transplant. 1994;13(6):783–88.  

20. Reusser P, Gambertoglio JG, Lilleby K, Meyers JD. 

Phase I-II trial of foscarnet for prevention of 

cytomegalovirus infection in autologous and allogeneic 

marrow transplant recipients. J Infect Dis. 

1992;166(3):473-79.  

DOI: 10.1093/infdis/166.3.473 

21. Marty FM, Ljungman P, Chemaly RF, Maertens J, 

Dadwal SS, Duarte RF, et al. Letermovir prophylaxis for 

cytomegalovirus in hematopoietic-cell transplantation. N 

Engl J Med. 2017;377(25):2433–44.   

DOI: 10.1056/NEJMoa1706640 

22. Green ML, Leisenring W, Xie H, Mast TC, Cui Y, 

Sandmaier BM, et al. Cytomegalovirus viral load and 

mortality after haemopoietic stem cell transplantation in 

the era of pre-emptive therapy: a retrospective cohort 

study. Lancet Haematol 2016;3(3):e119-27. 

DOI: 10.1016/S2352-3026(15)00289-6 

 

 

https://doi.org/10.21608/jcbr.2020.50141.1095

