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Background 

Acute myeloid leukemia (AML) is a severe hematological malignancy and constitutes 
the common type of leukemia in adults, and FMS-like tyrosine kinase 3 (FLT3) 
mutations represent a prognostic marker in AML. Furthermore, human 
cytomegalovirus (HCMV) is a globally spread opportunistic pathogen that has been 
implicated in different malignancies.   
Objective  
This study aimed to describe the incidence of HCMV DNAemia in AML and to 
investigate the associations between HCMV DNAemia and AML risk, demographic 
parameters, and the FLT3 internal tandem duplication (ITD) mutation in adult AML 
patients. 
Materials and methods  
This study involved a total of 104 subjects (52 healthy control subjects and 52 adult 
AML patients). Baseline hematological measurements were recorded for all 
subjects. All of adult AML patients underwent FLT3-ITD mutation evaluation. By 
application of real time PCR, HCMV-DNA level was determined in all subjects.  
Results and conclusion 

The chi-square result revealed a significant increase in the incidence of HCMV 

DNAemia in adult AML patients 28/52 (53.846%) compared to controls 3/52 
(5.769%) (P < 0.001). Moreover, the logistic regression analysis referred to an 
association between the increased incidence of HCMV-DNAemia and AML risk 
(Odd’s ratio 19.055, 95% confidence intervals: 5.2615 to 69.0129, and P < 0.001). 
Also, a significantly higher incidence of HCMV DNAemia was observed in adult AML 
male patients and those ≥ 45 years old compared to females and those < 45 years 
old (P < 0.001 and 0.006, respectively). Additionally, the chi-square result revealed 
no significant change in the incidence of HCMV DNAemia among adult AML patient 
groups based on AML subtypes (P 0.086). Moreover, HCMV DNAemia was not found 
in adult AML patients with positive FLT3-ITD mutation compared to those with 
negative FLT3-ITD mutation (P 0.016). Furthermore, the logistic regression results 
revealed the absence of an association between the incidence of HCMV DNAemia 
and either AML subtypes or the incidence of FLT3-ITD mutation in adult AML 
patients. It is concluded that the increased incidence of HCMV DNAemia is well 
established in adult AML patients association with AML risk. Moreover, the 
increased incidence of HCMV DNAemia is associated with males and older age, but 
not with AML different subtypes and FLT3-ITD mutation in the studied cohort of 
adult AML patients. 
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Introduction 

Uncontrolled bone marrow stem cell proliferation  

is a hallmark of acute myeloid leukemia (AML),    

a type of bone marrow malignancy [1,2]. AML 

originates in the bone marrow and is considered a 

clonal disease that is genetically heterogeneous 

[3,4]. The disorder is characterized by abnormal 

proliferation and halted differentiation of primitive 

cells in the bone marrow, impairing normal 

hematopoietic function which results in potentially 

fatal cytopenia and transfusion dependence [4,5]. 

Although AML can affect individuals of any age, 

it is most prevalent in adults, with incidence rates 
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increasing with age [4,6]. Due to the aging 

tendency, the occurabce of AML is predicted to 

rise yearly [4,7]. AML is the sixth most common 

cause of cancer-related mortality in men and 

makes up 25% of all leukemia types [8,9]. AML 

has the greatest fatality rate among all types of 

leukemia. Un 2020, It was anticipated that there 

would be 19,940 new cases of AML diagnosed in 

the United States, with 11,180 deaths. [2,10−12]. 

In Egypt, Leukemia constitutes 10% of all cancers 

with AML accounting for 16.9% of cases [9,13]. 

Children have a much better prognosis than adults, 

and survival rates for AML patients significantly 

decreases with age at diagnosis [9,14]. AML is 

associated wiyh a wide range of molecular and 

cytogenetic abnormalities, such as alterations in 

chromosomal number and structure, mutations, 

and the development of fusion genes [4,15−17]. 

Diagnosing AML requires extensive multilevel 

testing, including cytogenetic, cytomorphological, 

and molecular genetic evaluation, to define its 

genetic heterogeneity for determining the exact 

therapy [4,18]. AML patients may have mutations 

in many genes, such as the FMS-like tyrosine 

kinase 3 (FLT3) mutation, which typically foretell 

a worse prognosis and necessitate the inclusion of 

appropriate targeted therapies or a more 

aggressive treatment regimen during upcoming 

therapy [4,19−21].  

Of newly diagnosed AML cases, between 25 and 

30% may have a FLT3 mutation [3,22−24]. In 

general, the extracellular region of FLT3 is made 

up of immunoglobulin-like domains, which 

include the juxtamembrane domain and the 

tyrosine kinase domain (TKD)  separated by the 

kinase insert domain, whereas the intracellular 

region contains the C-terminal. Normal 

hematopoietic progenitor and stem cells can 

express FLT3, while bone marrow stroma cells 

express their ligand in soluble or membrane-bound 

form [25−27]. Activated FLT3 promotes various 

signaling pathways intracellularly, resulting in 

hematopoietic cell proliferation, differentiation, 

and survival [27,28]. In fact, most cells of acute 

leukemia can express FLT3. Moreover, the 

stimulation of FLT3 ligands increases 

proliferation and decreases apoptosis [27,29].  

FLT3 gene mutations may appear by internal 

tandem duplication (ITD) at or near the receptor's 

juxtamembrane region, or by the point mutation 

affecting the TKD that results in the substitution 

of a single amino acid inside the activation loop 

[19,24,30].  The incidence of FLT3-ITD and 

FLT3-TKD in AML is roughly 20 and 10%, 

respectively [27,31,32]. In AML patients, having a 

FLT3-ITD mutation is associated with a generally 

poor prognosis [19,24,30]. Indeed, human 

cytomegalovirus (HCMV) may interfere with the 

action of tyrosine kinases. HCMV triggers cellular 

tyrosine kinase signaling and activation, leading to 

increased glioma cell invasiveness [33]. Likewise, 

FLT3, a kind of tyrosine kinase, may be supposed 

to be affected by HCMV infection. 

It is known that HCMV infection promotes the 

growth, development and progression of various 

malignancies [34]. HCMV belongs to the 

Herpesviridae family with a double-stranded DNA 

genome of 236 kbp in size [35,36]. Most organs 

and tissues of the human body can be infected by 

HCMV [36]. HCMV is an opportunistic virus that 

causes significant morbidity and mortality in 

immunocompromised populations, particularly 

organ transplants, AIDS, and those with malignant 

diseases. Infection with HCMV is prevalent 

worldwide. Approximately, the virus infects 70–

90% of the world's population. After primary 

infection, HCMV can remain latent for the host's 

lifespan, then reactivate to produce severe     

illness under certain conditions [34,37,38]. The 

oncogenic potential of HCMV was demonstrated 

in 1973 when the virus was observed to transform 

the fibroblast cells of a hamster embryo. These 

results indicated that HCMV was included in the 

category of viruses that may cause malignant 

transformation [34,39]. Despite the incidence of 

HCMV DNAemia being identified in different 

kinds of cancers [40], the reports regarding the 

incidence of HCMV DNAemia and its association 

with AML risk in adult patients are limited.       

The current study was designed to demonstrate         

the incidence of HCMV DNAemia in AML        

and to investigate the associations between         

HCMV DNAemia and AML risk, demographic 

parameters, and the FLT3-ITD mutation as a 

prognostic marker in adult AML patients. 

 

Materials and methods  
Study population 
The study involved a total of 104 Egyptian 

participants, who were divided into two groups: 52 

patients with acute myeloid leukemia (AML) and 

52 control subjects.. The diagnosis of AML was 

performed at the National Cancer Institute. Prior to 

blood sampling, written informed consent was taken 

from each subject. All procedures in the study 

followed the World Medical Association's 

Declaration of Helsinki guidelines, declared in 1975 

and revised in 2008 for studies involving human 

subjects, as well as the guidelines of the National 

Cancer Institute ethics committee, approval number 

CP2302-503-043. According to the French-

American-British (FAB) classification, AML 

patients were classified into subtypes that included 

M1, M2, M4, and M5. Control subjects and patients 

were evaluated by routine clinical hematological 

parameters, including total leucocyte count (TLC), 

hemoglobin (HB), hematocrit [packed cell volume 
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(PCV)], red blood cell (RBC) count and RBC 

indices [mean-corpuscular volume (MCV), mean 

corpuscular hemoglobin (MCH), and mean 

corpuscular hemoglobin concentration (MCHC)], 

and finally platelet count (PLC). Adult AML patients 

were evaluated by FLT3-ITD mutation. All subjects 

were investigated for the presence of HCMV 

DNAemia. 

Inclusion criteria   
All subjects in the study cohort were seropositive 

for HCMV IgG antibodies. We selected positive 

cases of HCMV DNAemia to represent HCMV 

reactivation after the diagnosis of (AML) in adult 

patients of both sexes. The group of patients 

included those who were AML-naïve, while the 

control group consisted of healthy adults of both 

sexes with no history of malignant disease. 

Exclusion criteria   
Immunocompromised subjects and AML patients 

under treatment were excluded. Furthermore, 

subjects with serological confirmation of viral 

diseases, including hepatitis B, hepatitis C, and 

others with human immunodeficiency virus 

infection, were also not included. Finally, children 

were excluded from the sample recruitment.  

Deoxyribonucleic acid (DNA) extraction from 

whole blood   

From each subject, 10 ml of whole blood was 

collected in EDTA vacutainer tubes, and the plasma 

was separated. Using a genomic DNA extraction  

kit (Qiagen, Milan, Italy), the genomic DNA      

was extracted following the manufacturer's  

instructions. A Thermo Scientific NanoDrop
TM

 

Spectrophotometer was used to measure the purity 

of genomic DNA samples by ultraviolet absorbance 

at 260 nm. At -20 °C, the DNA was kept. 

Determination of FMS-like tyrosine kinase 3 -

internal tandem duplication (FLT3-ITD) 

mutation 

FLT3-ITD mutation was detected by nested 

polymerase chain reaction (PCR) amplification 

procedure using the Techne Thermal Cycler (Cole-

Parmer, Germany). Briefly, the master mix was 

prepared by the addition of 200 mM dNTPs (Qiagen, 

Santa Clarita, CA) to 0.5 μM of each of the forward 

and reverse primers  for FLT3-ITD mutation (Thermo 

Fisher Scientific, USA), in addition to 10 mM Tris-

HCl, 50 mM KCl, and 1.5 mM MgCl2. 1U of Taq 

DNA polymerase enzyme (Qiagen, Santa Clarita, 

CA) was added, followed by 1μl of DNA sample, and 

completed with distilled water to a final volume of 

25μl. The amplification thermal profile started by 

denaturation at 94°C for 150 sec, then 35 cycles at 

94°C for 30 sec, and 57°C for 60 sec, followed by 

72°C for 120 sec, then 72°C for 10 min as a final 

elongation. The gel electrophoresis was performed to 

analyze the product of the PCR reaction on 3% 

agarose gel. A wilde type allele was observed at a 

fragment   of 328 base pair. A sample of additional 

elevated molecular weight was  considered positive 

for the FLT3-ITD mutation. The two primers used for 

the PCR reaction were forward:   

5ʹ −GCAATTTAGG TATGAAAGCCAGC−3ʹ  and 

reverse: 5ʹ −CTTTCAG CATTTTGACG 

GCAACC−3ʹ  [41]. 

Determination of human cytomegalovirus 

deoxyribonucleic acid (HCMV-DNA)  

HCMV-DNA was detected by real-time PCR using 

the Artus HCMV PCR assay, as instructed by the 

manufacturer (Qiagen, Santa Clarita, CA). The 

amplification reactions were conducted under the 

following conditions: Initial incubation 10 min at 

95°C, then 45 cycles at 95°C for 15 sec and 55°C 

for 1 min. The real-time Rotor Gene PCR was 

used for amplification procedures (Qiagen, Santa 

Clarita, CA). Using amplification standards, the 

positive results of HCMV-DNA were considered 

at >150 copies/mL [42]. 

Statistical analysis  
The data was collected, organized, transferred to a 

Microsoft Excel sheet, and statistically analyzed 

using statistical computer package (SPSS) 

software version 25 (IBM SPSS Statistics, version 

25; IBM Corp., Armonk, NY, USA). The mean 

and standard deviation (SD) of the quantitative 

values were reported, and then an independent t 

test was used for data analysis. The qualitative 

data was expressed as numbers and percentages, 

and then a chi-square test was used for data 

analysis. A logistic regression test was used to 

analyze the data, determine the association of one 

dichotomous dependent variable with independent 

variables, and determine an outcome. A significant 

threshold of P ≤ 0.05 was considered. 

Results and discussions 
AML is a widespread hematological malignancy 

marked by rapid disease progression [4,43,44]. It 

poses challenges for public health worldwide, 

causing continuous debates over its global impact 

[4,45−47]. The exact mechanisms underlying 

AML development are not fully understood 

[1,2]. On the other hand, in vitro studies have 

demonstrated that HCMV has oncogenic 

transforming potential [35,40,48], and it  has been 

studied as an oncomodulatory virus that 

constitutes an important factor in disease 

prognosis. Unfortunately, there are limited 

recorded reports on the occurrence of HCMV 

DNAemia and viral reactivation in cancer patients 

in general [40] and leukemia patients in particular. 

The data regarding the incidence of HCMV 
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DNAemia in AML and its relationship with the 

disease risk is rare. Therefore, the aim of the 

current study is to describe the incidence of 

HCMV DNAemia in AML and to investigate the 

associations of HCMV DNAemia with AML risk 

and FLT3-ITD mutation among adult AML 

patients who were naïve treatment.  

Demographic data and hematological clinical 

features in the studied cohort 

The demographic and baseline hematological 

clinical features of the study cohort, including 

group 1 (healthy controls, n = 52) and group 2 

(adult AML patients, n = 52), were listed in Table 

1. A significant increase in age (P < 0.001), 

HCMV-DNA titre (P 0.007), TLC (P < 0.001), 

MCV (P 0.001), and MCH (P 0.009) was 

observed in adult AML patients compared with 

controls. However, a significant decrease in HB, 

PCV, RBCs, and PLC was noted among adult 

AML patients compared with controls (P < 0.001). 

Incidence of human cytomegalovirus (HCMV) 

DNAemia in healthy controls and adult acute 

myeloid leukemia (AML) patients 

The incidence data of HCMV DNAemia (HCMV- 

 

DNA) in the entire study cohort (adult AML 

patients [n = 52] and controls [n = 52]) were listed 

and compared in Table 2. HCMV-DNA was 

detected in 28/52 (53.846%) of adult AML 

patients compared with 3/52(5.769%) of controls. 

The chi-square result revealed a significant 

increase in the positivity of HCMV-DNA in adult 

AML patients compared with controls (p < 0.001). 

Furthermore, the logistic regression result referred 

to an association between the increased incidence 

of HCMV DNAemia and AML risk among adult 

patients (Odd's ratio 19.055, 95% C.I. 5.2615 to 

69.0129, and P < 0.001).  

In positive cases of HCMV DNAemia, the 

quantitative values of HCMV-DNA in mean and 

standard deviation were recorded as 183,333.33 ± 

28,867.513 copy/ml among 3/52 (5.769%) of 

controls and 814,285.714 ± 30,6671.842 copy/ml 

among 28/52 (53.846%) of adult AML patients, a 

significant increase in HCMV-DNA titre was 

noted among adult AML patients compared with 

controls (P 0.007). (Table 1).  

 

 

Table 1 Demographic information and hematological clinical features of the study population  

Parameter 
Study population 

P-value 
Group 1 (Healthy controls, n = 52 ) Group 1 (Adult AML patients, n = 52) 

Sex (M/F) 36(69.23%)/16(30.77%) 32(64.54%)/20(38.46%) 0.410 

Age (years) 30.385 ± 7.867 44.077 ± 13.671 < 0.001* 

HCMV-DNA (copy/ml) 183,333.33 ± 28,867.513 814,285.714 ± 30,6671.842 0.007* 

TLC (103 /cmm) 7.776 ± 1.954 112.614 ± 95.990 < 0.001* 

HB (g/dL) 14.308 ± 1.290 7.650 ± 1.598 < 0.001* 

PCV (%) 45.561 ± 2.921 23.050 ± 4.461 < 0.001* 

RBCs (106/Cmm) 5.296 ± 0.718 2.695 ± 0.737 < 0.001* 

MCV (fl) 81.246 ± 8.081 87.950 ± 11.157 0.001* 

MCH (pg) 27.030 ± 2.814 29.037 ± 3.803 0.009* 

MCHC (g/dL) 33.600 ± 0..963 33.087 ± 2.690 0.104 

PLC (103 /cmm) 259.846 ± 31.565 91.787 ± 73.528 < 0.001* 

Where: M: male; F: female; TLC: total leucocyte count; HB: hemoglobin; PCV: packed cell volume (hematocrit); RBCs: red blood cells; 

MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; PLC: platelets 

count; *: significant value. Normal ranges were as follows: HCMV-DNA detection limit >150 copy/ml (the data represents HCMV-DNA 

positivity in only 3/52 in group 1 of healthy controls and 28/52 in group 2 of adult AML patients); TLC: from 4 to 11, HB: from 14.00 to 

17.5 for males and from 12.5 to 14 for females, PCV: from 41 to 52; RBCs: from 4.5 to 6; MCV: 80 to 100; MCH: 27 to 33; MCHC: 31 to 

37; PLC: from 150,000 to 450,000;  age ranged from 20 to 41 years in healthy controls and from 29 to 58 years in adult AML patients. The 

chi-square test analyzed sex data. Except sex, t-test was used to analyze all data, which were expressed as means and standard deviation 

values (M ± SD). 

Table 2 Chi-square and logistic regression analyses of the incidence of human cytomegalovirus (HCMV) DNAemia in healthy 

subjects and adult acute myeloid leukemia (AML) patients 

 

HCMV 

DNA 

Study population 

Chi-square Logistic regression Group 1                                                        

(Healthy controls, n = 52) 

Group  2                                                    

(Adult AML patients, n = 52) 

n % n % X 2 P-value 
Odd's 

ratio 
95% C.I. P-value 

Positive 3 5.769 28 53.846 
28.722 < 0.001* 19.055 

5.2615 
< 0.001* 

Negative 49 94.231 24 46.154 to 69.0129 

Total 52 100 52 100      

Where: C.I.: confidence intervals; *: significant value. 
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Regarding the incidence of HCMV DNAemia 

among adult AML patients, our findings were in 

agreement with those of Chanswangphuwana et al., 

who reported the incidence of HCMV as a 

reactivated form among 54.1% of the cohort of 85 

AML patients from Thailand [49]. However, 

HCMV reactivation among AML patients in the 

previously mentioned study was detected after 

HLA-matched myeloablative allogeneic stem cell 

transplantation, which is different from our study. 

On the other hand, our findings were differed from 

those of Yuasa et al., who reported the incidence of 

HCMV as a reactivated form of infection among 

10.7% (13/121) of AML patients. Their study was 

conducted on a cohort of 195 patients with acute 

leukemia; from them, 121 patients were diagnosed 

with AML. HCMV was detected among 10% of the 

entire cohort of patients. However, HCMV 

reactivation was detected among AML patients 

who received induction chemotherapy [50]. HCMV 

reactivation in the previously mentioned study may 

be attributed to receiving chemotherapy, while our 

studied AML patients were naïve treatment. 

Furthermore, our findings regarding the incidence 

of HCMV DNAemia among controls were 

consistent with Lv et al., who reported HCMV 

DNA in 9.74% of the control individuals during 

their study of the incidence of HCMV DNA among 

patients with gastrointestinal cancer [51]. 

Furthermore, the incidence of HCMV was studied 

in types of leukemia other than AML. Abbas et al. 

reported HCMV reactivation among three cases out 

of 72 of a cohort of acute lymphoblastic leukemia 

(ALL) patients. Although HCMV reactivation was 

reported in a limited number of patients, their study 

found that all of the three patients with reactivated 

HCMV had an aggressive clinical course, with   

two having poor tolerance to chemotherapy 

[52]. Another study found that individuals with 

chronic lymphocytic leukemia (CLL) accumulate 

more HCMV-specific T lymphocytes than age-

matched controls in response to persistent HCMV 

infection [53]. 

Indeed, the relationship between HCMV and cancer 

represents definitely a contentious issue [15]. The 

incidence of HCMV DNAemia was observed in 

different types of cancers among naïve treatment 

cancer patients. Shamsia et al. reported HCMV 

DNAemia in 63.3% (31/49) of chemotherapy-naïve 

cancer patients [40], which is similar to the finding 

in current study regarding the high incidence of 

HCMV DNAemia in AML patients. El Shazly et al. 

revealed that 20% of blood samples of the cohort of 

chemoradiotherapy-naïve treatment patients with 

breast cancer were positive for having HCMV-

DNA [54], which is dissimilar to the finding in our 

study regarding the higher incidence of HCMV 

DNAemia in AML patients. Furthermore, El-

Shinawi et al. did not detect HCMV-DNA from the 

peripheral blood of a cohort consisting of 77 

patients suffering from breast cancer. However, 

62.3% of examined females were found to have 

HCMV-DNA in their breast cancer tissue, with a 

larger percentage in inflammatory breast cancer, 

indicating the role of HCMV in cancer etiology and 

illness prognosis [55]. 

The results of the current study demonstrated the 

association between the incidence of HCMV 

DNAemia and AML risk. Our findings were 

consistent with those of other studies that revealed 

an association between the incidence of HCMV 

DNAemia and other types of cancer. Lv et al. 

reported the incidence of HCMV-DNA in 35.66% 

of patients with gastrointestinal cancer compared to 

9.74% in controls. As a result, they suggested that 

HCMV infection could increase the risk of 

gastrointestinal cancer [51]. Likewise, Handous et 

al. revealed that HCMV-DNA was detected in 

19.35% of lymphoma patients, with a significantly 

higher incidence than that of controls [56]. 

Additionally, Torres et al. found an association 

between HCMV-DNA and non-Hodgkin's 

lymphoma, particularly in active and late-stage 

lymphoma [57]. Also, numerous studies have 

detected HCMV in cancers of the salivary gland, 

colon, colorectal, and prostate, in addition to 

malignant glioma and glioblastoma [40,58−61].  

A reasonable explanation for HCMV-related 

oncogenic potential is that the virus can control 

apoptosis and possesses the property of evading 

immune surveillance, giving infected cells an edge 

in survival. Viral proteins could be observed in 

numerous cells, including inflammatory cells, and 

tumor cells [40,62]. The direct participation of 

HCMV in cell transformation and the identification 

of viral genes that facilitate this transformation 

could characterize HCMV as an oncovirus [36]. 

The fact that HCMV can infect several types of 

cells and enter a latency phase in cells of myeloid 

progenitor, particularly CD34+ cells [40,63,64], 

and then reactivate later may represent an increased 

risk for HCMV oncogenic potential regarding 

patients with leukemia. The oncogenic potential of 

HCMV is associated with the presence of a number 

of oncogenes. Previous studies revealed that 

HCMV genome could encode several oncogenes, 

including US28, IE1, IE2, and UL76 [15,58,65], 

suggesting that HCMV may play an essential       

https://pubmed.ncbi.nlm.nih.gov/?term=Chanswangphuwana%20C%5BAuthor%5D
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role in cancer development and progression [15].    

In tumor cells, it is thought that there are    

numerous crucial other genes that enhance HCMV 

infectious potency, leading to a more severe       

form of malignant disease [15]. Also, HCMV 

infection is shown to activate signaling of 

major pathways associated with malignancy 

[15,66]. Therefore, numerous cellular functions that 

are believed to be involved in tumor development 

could be targeted by HCMV gene products. Those 

functions included dysregulation of the cell cycle 

and immortalization of the cells. Additionally, the 

mutation of the viral genome could increase  

immune evasion and cell survival with tumor 

expansion [36,67−69]. Upon HCMV infection      

of monocytes, increased production of 

proinflammatory cytokines could promote the 

development of cancer [36,70]. Moreover, HCMV 

could change the surrounding environment of 

tumor cells, thereby enhancing tumor formation and 

progression [36].    

                                                                                           

Incidence of human cytomegalovirus (HCMV) 

DNAemia in relation to sex and age among adult 

acute myeloid leukemia (AML) patients 
The data on the incidence of HCMV DNAemia in 

adult AML patients regarding sex was tabulated     

in Table 3. The chi-square result referred to a 

significant increase in the incidence of positive 

HCMV DNAemia among the group of adult     

AML male patients, 24/32 (75%), compared to the 

other group of female patients, 4/20 (20%) (P < 

0.001). Additionally, the data on the incidence of 

HCMV DNAemia in adult AML patients regarding 

age are listed in Table 4. The chi-square result 

referred to a significant increase in the incidence of 

positive HCMV DNAemia among the group of 

adult AML patients with increased age ≥ 45 years 

old, 20/28 (71.43%), compared to the other      

group of adult AML patients with decreased         

age < 45 years old, 8/24 (33.33%) (P 0.006).

                                                                                                                                                                                                                                    

Table 3 Chi-square analysis of the incidence of human cytomegalovirus (HCMV) DNAemia in relation to sex in adult acute myeloid 

leukemia (AML) patients 

HCMV 

DNA 

                                    Adult AML patients, n = 52 

Chi-square Group 1 

(Male patients, n = 32) 

Group 2 

(Female patients, n = 20) 

n % n % X 2 P-value 

Positive 24 75 4 20 
14.981 < 0.001* 

Negative 8 25 16 80 

Total 32 100 20 100   

Where: *: significant value. 

Table 4 Chi-square analysis of the incidence of human cytomegalovirus (HCMV) DNAemia in relation to age in adult acute myeloid 

leukemia (AML) patients 

HCMV 

DNA 

Adult AML patients, n = 52 

Chi-square Group 1 

( ≥  45 years, n  = 28) 

Group 2 

(< 45 years, n = 24) 

n % n % X 2 P-value 

Positive 20 71.43 8 33.33 
7.546 0.006* 

Negative 8 28.57 16 66.67 

Total 28 100 24 100   

Where: *: significant value. 

Regarding the incidence of HCMV DNAemia in 

relation to sex among adult AML patients, our 

finding that demonstrated the increased incidence 

of HCMV DNAemia in male patients compared 

with females may be explained to some extent by 

the effect of sex hormones. Indeed, estrogen as a 

female sex hormone was found to have a general 

suppressive effect on HCMV replication [71], 

whereas testosterone as a male sex hormone was 

found to have a little effect on HCMV replication in 

vitro [72]. Furthermore, regarding the incidence of 

HCMV DNAemia in relation to age among adult 

AML patients, our finding that demonstrated the 

increased incidence of HCMV DNAemia in adult 

AML patients with older age (≥ 45 years) may be 

explained by increasing age, as immune function 

declines and becomes less effective, which is a 

phenomenon known as immunosenescence. Large-

scale changes in both the innate and adaptive 

immune system enhance susceptibility to 

infections, leading to the increased morbidity and 

mortality [73−75]. Many of these changes are 

exacerbated by HCMV [73,76,77]. Chronic HCMV 

infection further impairs immune function and is 

associated with increased mortality in the elderly 

[73]. Additionally, AML can lead to the excessive 

production of white blood cells, resulting in a bone 

marrow accumulation of young white blood cells, 
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which in turn causes a decrease in healthy blood 

cells and inhibits their function [78]. Consequently, 

a significant drop in immune system functions may 

be exerted, leading to an increase in the occurrence 

of HCMV DNAemia over time among adult AML 

patients. 

Incidence of human cytomegalovirus (HCMV) 

DNAemia in different subtypes of acute   

myeloid leukemia (AML) among adult patients            
The data on the incidence of HCMV DNAemia 

among adult AML patients regarding different 

AML subtypes are reported in Table 5. According 

to AML subtypes, adult AML patients were divided 

into two groups: group 1 referred to adult AML 

patients of non-M4 and M5 subtypes, including M1 

and M2 (n = 28), and group 2 represented AML 

patients with M4 and M5 subtypes (n = 24). The 

chi-square analysis revealed a non-significant 

change in the incidence of positive HCMV 

DNAemia between the group of adult AML 

patients with M1 and M2 subtypes12/28 (42.86%), 

compared with the group of those with M4 and M5 

subtypes 16/24 (66.66%) (P 0.086). However, a 

tendency toward the increased incidence of HCMV 

DNAemia was observed among AML patients with 

M4 and M5 subtypes (group 2). Moreover, the 

logistic regression analysis revealed no association 

between the incidence of HCMV DNAemia and the 

group of patients that included M4 and M5 

subtypes of AML. 

Table 5 Chi-square and logistic regression analyses of the incidence of human cytomegalovirus (HCMV) DNAemia in groups of 

acute myeloid leukemia (AML) subtypes among adult patients 

HCMV 

DNA 

Adult AML patients, n = 52 

Chi-square Logistic regression Group 1 

(M1 and M2, n = 28) 

Group 2 

(M4 and M5, n = 24) 

n % n % X 2 P-value 
Odd's 

ratio 95% C.I. P-value 

Positive 12 42.86 16 66.66 
2.948 0.086 2.667 

0.8600 
0.089 

Negative 16 57.14 8 33.34 to 8.2684 

Total 28 100 24 100      

Where: C.I.: confidence intervals.

Generally, the role of HCMV infection in the 

leukemic cell phenotype is unknown. However, 

HCMV normally interacts with the host immune 

system, allowing the virus to remain in a latent 

condition [79]. Indeed, AML-M4 subtype 

represents acute myelomonocytic leukemia, and 

AML-M5 represents acute monocytic leukemia, 

whereas AML-M1 refers to acute myeloblastic 

leukemia with minimal maturation, and M2 refers 

to acute myeloblastic leukemia with maturation 

[80,81]. Considerably, our findings revealed no 

association between the incidence of HCMV 

DNAemia and AML different subtypes.        

Relationship between incidence of human 

cytomegalovirus  (HCMV) DNAemia  and   

FMS-like   tyrosine   kinase 3 -internal    tandem 

 

duplication (FLT3-ITD) mutation in adult acute 

myeloid leukemia (AML) patients 

The data on the incidence of HCMV DNAemia in 

adult AML patients regarding the occurrence of 

FLT3-ITD mutation are listed in Table 6. FLT3-

ITD mutation was detected in 6/52 (11.538%) of 

adult AML patients. HCMV-DNAemia was not 

found in the group of adult AML patients with 

positive FLT3-ITD mutation 0/6 (0%), compared to 

the other group of those with negative FLT3-ITD 

mutation 24/46 (51.174%), with a chi-square 

significant result (P 0.016). Furthermore, the 

logistic regression analysis demonstrated no 

association between the incidence of HCMV 

DNAemia and positive FLT3-ITD mutation in adult 

AML patients.  

 

Table 6 Chi-square and logistic regression analyses of the incidence of human cytomegalovirus (HCMV) DNAemia among adult 

acute myeloid leukemia (AML) patients in relation to the occurrence of FMS-like tyrosine kinase 3 - internal tandem duplication 

(FLT3-ITD) mutation 

HCMV 

DNA 

Adult AML patients, n = 52 

Chi-square Logistic regression 
Group 1 

(Negative FLT3-ITD 

mutation, n = 46) 

Group 2 

 (Positive FLT3-ITD 

mutation, n = 6) 

n % n % X 2 P-value 
Odd's 

ratio 95% C.I. P-value 

Positive 24 51.174 0 0 
5.814 0.016* 0.071 

0.0038 
0.076 

Negative 22 47.826 6 100 to 1.3268 
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Total 46 100 6 100      

Where: C.I.: confidence intervals; *: significant value. 

 

Indeed, FLT3 is a type III receptor tyrosine kinase 

that plays a crucial role in hematopoietic cell 

survival, cell proliferation, and cell differentiation. 

The most clinically crucial finding is that the FLT3 

gene mutation is a common genetic change and is 

considered a prognostic marker that is associated 

with poor prognosis in AML patients [27] and 

serves as a promising molecular target for the 

treatment of AML [27,82,83]. Our finding referred 

to the occurrence of the positive FLT3-ITD 

mutation in 11.538% of the studied cohort of adult 

AML patients. However, the previous reports 

revealed that the incidence of FLT3-ITD mutation 

among AML patients was supposed to be about 

20% [27,31,32]. This difference may be attributed 

to the differences in the cohort characteristics of the 

studied adult AML subjects.  

The limitations of our study included the 

unavailability of measuring HCMV serologically 

for the incidence of the corresponding 

immunoglobulin IgM antibodies side by side with 

HCMV DNAemia, the relatively small sample size 

that hindered us from balancing the groups of AML 

subtypes, and the unavailability for evaluation of 

other prognostic markers regarding adult AML 

patients. 

Conclusion 
The increased incidence of HCMV DNAemia is 

well established in adult AML patients associated 

with AML risk. Moreover, the increased incidence 

of HCMV DNAemia is associated with males and 

older age, but not with AML different subtypes and 

FLT3-ITD mutation in the studied cohort of adult 

AML patients. Future studies are recommended to 

reveal the associations of HCMV DNAemia with 

several prognostic markers of AML patients, 

including FLT3 mutation, with a larger cohort of 

adult AML patients and in relation to different 

AML subtypes. 

Abbreviations 
AML: Acute Myeloid Leukemia                                                                                                                

HCMV: Human Cytomegalovirus                                                                                                                

FLT3: FMS-like Tyrosine kinase 3                                                                                                                 

ITD: Internal Tandem Duplication 

Author contributions 
A.K.: Conceptualization, methodology, data 

collection and analysis, data interpretations, writing 

the manuscript, and revision of important 

intellectual content. R.S.A. and E.M. R.: Patient 

recruitment, and participation in methodology, data 

collection and analysis. R.D.: Conceptualization, 

data interpretations, and revision of important 

intellectual content. All authors approved the 

manuscript. 

Conflicts of interest     
The authors declare there are no conflicts of interest.  

References 

1.  Shimony S, Stahl M, Stone RM. Acute myeloid leukemia: 

2023 update on diagnosis, risk-stratification, and 

management. Am J Hematol. 2023;98(3):502-526. 

2.  Chen P, Liu X, Zhao Y, Hu Y, Guo J, Wang H. Global, 

national, and regional burden of acute myeloid leukemia 

among 60-89 years-old individuals: insights from a study 

covering the period 1990 to 2019. Front Public Health. 

2024;11:1329529. 

3.  Papaemmanuil E, Gerstung M, Bullinger L, Gaidzik V I, 

Paschka P, Roberts N D,et al. Genomic Classification and 

Prognosis in Acute Myeloid Leukemia. N Engl J Med. 

2016;374(23):2209-2221. 

4.  Zhou Y, Huang G, Cai X, Liu Y, Qian B, Li D. Global, 

regional, and national burden of acute myeloid leukemia, 

1990-2021: a systematic analysis for the global burden of 

disease study 2021. Biomark Res. 2024;12(1):101.  

5.  DiNardo CD, Erba HP, Freeman SD, Wei AH. Acute 

myeloid leukaemia. Lancet. 2023;401(10393):2073-2086. 

6.   Abelson S, Collord G, Ng SWK, Weissbrod O, Cohen NM, 

Niemeyer E, et al. Prediction of acute myeloid leukaemia 

risk in healthy individuals. Nature. 2018;559(7714):400-

404. 

7.  Komp-Leukkunen K, Sarasma J. Social Sustainability in 

Aging Populations: A Systematic Literature 

Review. Gerontologist. 2024;64(5):gnad097. 

8.  Zawam H, Salama R, Alsirafy SA, Bishr MK. Treatment 

Outcome of Acute Myeloid Leukemia in Egypt: A 

Developing Country Perspective. Int J Cancer Treat. 

2018;1(1):53-59. 

9.  DeSantis CE, Lin CC, Mariotto AB, Siegel RL, Stein KD, 

Kramer J L, et al. Cancer treatment and survivorship 

statistics, 2014. CA Cancer J Clin. 2014;64(4):252-271.  

10. Dinmohamed AG, Visser O, van Norden Y, Blijlevens N 

M, Cornelissen JJ, Huls GA, Huijgens PC, Sonneveld P, 

van de Loosdrecht AA, Ossenkoppele GJ, Löwenberg B,  

Jongen-Lavrencic M. Treatment, trial participation and 

survival in adult acute myeloid leukemia: a population-

based study in the Netherlands,1989-2012. Leukemia. 

2016;30(1):24-31. 

11. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA 

Cancer J Clin. 2020;70(1):7-30. 

12. Alves da Silva PH, Xing S, Kotini AG, Papapetrou EP, 

Song X, Wucherpfennig KW, Mascarenhas J, Ferrari de 

Andrade L. MICA/B antibody induces macrophage-

mediated immunity against acute myeloid leukemia. Blood. 

2022;139(2):205-216.  

13. Fu D, Zhang B, Wu S, Zhang Y, Xie J, Ning W, Jiang H. 

Prognosis and Characterization of Immune 

Microenvironment in Acute Myeloid Leukemia Through 

Identification of an Autophagy-Related Signature. Front 

Immunol. 2021;12:695865. 



Increased incidence of HCMV DNAemia among adult AML patients  Khedr et al.  9 
 

 

14. Egypt cancer registry. 2011. www.cancer registry .gov.eg. 

15. Yu Z, Li J, Wen X, Jiang P, Zhu M, Wang M, Wang M, 

Gao X, Shen D, Zhang T, Zhao S, Zhu Y, Tong J, Yuan S, 

Zhu H, Huang H, Qian P. AMLnet, A deep-learning 

pipeline for the differential diagnosis of acute myeloid 

leukemia from bone marrow smears . J Hematol Oncol. 

2023;16(1):27. 

 

 

 

16.Arber DA, Orazi A, Hasserjian R, Thiele J, Borowitz MJ, 

Le Beau MM, Bloomfield CD, Cazzola M, Vardiman JW. 

The 2016 revision to the World Health Organization 

classification of myeloid neoplasms and acute leukemia. 

Blood. 2016;127:2391–405. 

17.Döhner H, Wei AH, Appelbaum FR, Craddock C, DiNardo 

CD, Dombret H, Ebert BL, Fenaux P, Godley  L A, 

Hasserjian RP, Larson RA, Levine RL, Miyazaki Y, 

Niederwieser D, Ossenkoppele G, Röllig C, Sierra J, Stein 

EM, Tallman MS, Tien HF, Wang  J,  Wierzbowska A, 

Löwenberg B. Diagnosis and management of AML in 

adults: 2022 recommendations from an international expert 

panel on behalf of the ELN. Blood. 2022;140:1345–77. 

18.Yilmaz M, Kantarjian H, Ravandi F. Acute promyelocytic 

leukemia current treatment algorithms. Blood Cancer J. 

2021;11(6):123. 

19.Kottaridis PD, Gale RE, Frew ME, Harrison G, Langabeer 

SE, Belton AA, Walker H, Wheatley K, Bowen DT, 

Burnett AK, Goldstone AH, Linch DC. The presence of a 

FLT3 internal tandem duplication in patients with acute 

myeloid leukemia (AML) adds important prognostic 

information to cytogenetic risk group and response to the 

first cycle of chemotherapy: analysis of 854 patients from 

the United Kingdom Medical Research Council AML 10 

and 12 trials. Blood. 2001;98(6):1752-1759. 

20.Stirewalt DL, Kopecky KJ, Meshinchi S, Appelbaum FR, 

Slovak ML, Willman CL, Radich JP. FLT3, RAS, and 

TP53 mutations in elderly patients with acute myeloid 

leukemia [published correction appears in Blood 2001 Aug 

15;98(4):924]. Blood. 2001;97(11):3589-3595. 

21.Grob T, Sanders MA, Vonk CM, Kavelaars FG, Rijken M, 

Hanekamp DW, Gradowska PL, Cloos J, Fløisand Y, van 

Marwijk Kooy M, Manz MG, Ossenkoppele GJ, Tick LW, 

Havelange V, Löwenberg B. Prognostic Value of FLT3-

Internal Tandem Duplication Residual Disease in Acute 

Myeloid Leukemia. J Clin Oncol. 2023;41(4):756-765. 

22.Cancer Genome Atlas Research Network, Ley TJ, Miller C, 

Ding L, Raphael BJ, Mungall AJ, Robertson AG, Hoadley 

K, Triche TJ, Jr Laird PW, Baty JD, Fulton LL, Fulton R, 

Heath SE, Kalicki-Veizer J, Kandoth C, Klco JM, Koboldt 

DC, Kanchi KL, Kulkarni S,  Lamprecht TL, Larson DE, 

Lin L, Lu C, McLellan MD, McMichael JF, Payton J, 

Schmidt H,  Spencer DH,  Tomasson MH, Wallis JW, 

Wartman LD, Watson MA, Welch J, Wendl MC,  Ally A,  

Balasundaram M, Birol I, Butterfield Y, Chiu R,  Chu A, 

Chuah E, Chun H, Corbett R, Dhalla N, Guin R, He A, 

Hirst C, Hirst M, Holt RA, Jones S, Karsan A, Lee D, Li 

HI, Marra M A, Mayo M, Moore RA, Mungall K, Parker J, 

Pleasance E, Plettner P, Schein J, Stoll D, Swanson L, Tam 

A, Thiessen N, Varhol R, Wye N, Zhao Y, Gabriel S, Getz 

G, Sougnez C, Zou L, Leiserson MDM, Vandin F, Wu H, 

Applebaum F, Baylin SB, Akbani R, Broom BM, Chen K, 

Motter TC, Nguyen K, Weinstein JN, Zhang N, Ferguson 

ML, Adams C, Black A, Bowen J, Gastier-Foster J, 

Grossman T, Lichtenberg T, Wise L, Davidsen T, 

Demchok, Shaw KRM, Sheth M, Sofia HJ, Yang L, 

Downing JR, Eley G. Genomic and epigenomic landscapes 

of adult de novo acute myeloid leukemia. N Engl J Med 

2013;368:2059–74. 

23.Patel JP, Gonen M, Figueroa ME, Fernandez H, Sun Z, 

Racevskis J, Van Vlierberghe P, Dolgalev I, Thomas S, 

Aminova O, Huberman K, Cheng J, Viale A, Socci ND, 

Heguy A, Cherry A, Vance G, Higgins RR, Ketterling RP, 

Gallagher RE, Litzow M, van den Brink MRM, Lazarus 

HM, Rowe JM, Luger S, Ferrando  A, Paietta E, Tallman 

MS, Melnick A, Abdel-Wahab O, Levine RL. Prognostic 

relevance of integrated genetic profiling in acute myeloid 

leukemia. N Engl J Med 2012;366:1079-89. 

24.Bazarbachi A, Labopin M, Gedde-Dahl T, Remenyi P, 

Forcade E, Kröger N, Socié G, Craddock C, Bourhis JH, 

Versluis J, Yakoub-Agha I, Salmenniemi U, El-Cheikh J, 

Bug G, Esteve J, Nagler A, Ciceri F, Mohty M. Improved 

Posttransplant Outcomes in Recent Years for AML Patients 

with FLT3-ITD and Wild-type NPM1: A Report from the 

EBMT Acute Leukemia Working Party. Clin Cancer Res. 

2023;29(21):4441-4448. 

25.Small D, Levenstein M, Kim E, Carow C, Amin S, Rockwell 

P, Witte L, Burrow C, Ratajczak MZ, Gewirtz AM. STK-1, 

the human homolog of Flk-2/Flt-3, is selectively expressed 

in CD34+ human bone marrow cells and is involved in the 

proliferation of early progenitor/stem cells. Proc Natl Acad 

Sci U S A. 1994;91(2):459-463. 

26.Hannum C, Culpepper J, Campbell D, McClanahan T, 

Zurawski S, Bazan JF, Kastelein R, Hudak S, Wagner J, 

Mattson J. Ligand for FLT3/FLK2 receptor tyrosine     

kinase regulates growth of haematopoietic stem cells        

and is encoded by variant RNAs. Nature. 1994;368(6472): 

643-648. 

27.Kiyoi H, Kawashima N, Ishikawa Y. FLT3 mutations in 

acute myeloid leukemia: Therapeutic paradigm beyond 

inhibitor development. Cancer Sci. 2020;111(2):312-322. 

28.Lyman SD, James L, Vanden Bos T, de Vries P, Brasel K 

Gliniak B, Hollingsworth LT, Picha KS, McKenna HJ, 

Splett RR. Molecular cloning of a ligand for the flt3/flk-2 

tyrosine kinase receptor: a proliferative factor for primitive 

hematopoietic cells. Cell. 1993;75(6):1157-1167. 

29.Stirewalt DL, Radich JP. The role of FLT3 in haematopoietic 

malignancies. Nat Rev Cancer. 2003;3(9):650-665.  

30.Nagel G, Weber D, Fromm E, Erhardt S, Lübbert M, Fiedler 

W, Kindler T, Krauter J, Brossart P, Kündgen A, Salih HR, 

Westermann  J, Wulf G, Hertenstein B, Watt M, Götze K, 

Kraemer D, Heinicke T, Girschikofsky M, Derigs HG, Horst  

HA, Rudolph  C, Heuser M, Göhring G, Teleanu V, 

Bullinger L, Thol F, Gaidzik VI, Paschka P, Döhner K,  

Ganser A ,  Döhner H, Schlenk RF. German-Austrian AML 

Study Group (AMLSG). Epidemiological, genetic, and 

clinical characterization by age of newly diagnosed acute 

myeloid leukemia based on an academic population-based 

registry study (AMLSG BiO). Ann Hematol. 

2017;96(12):1993-2003. 

31.Kiyoi H, Naoe T. Biology, clinical relevance, and 

molecularly targeted therapy in acute leukemia with FLT3 

mutation. Int J Hematol. 2006;83(4):301-308. 

32. Kihara R, Nagata Y, Kiyoi H, Kato T, Yamamoto E, Suzuki 

K, Nakaseko C, Onizuka MA, Takeshita A, Ishida F, 

Suzushima H, Kato Y, Miwa M, Shiraishi Y, Chiba K, 

Tanaka H, Miyano S, Ogawa S, Naoe T. Comprehensive 

analysis of genetic alterations and their prognostic impacts in 

adult acute myeloid leukemia patients. Leukemia. 

2014;28(8):1586-1595. 

33.Cobbs CS, Soroceanu L, Denham S, Zhang W, Britt W J, 

Pieper R,  Kraus M H.Human cytomegalovirus induces 

cellular tyrosine kinase signaling and promotes glioma cell 

invasiveness. J Neurooncol. 2007;85(3):271-280. 

34.Yu C, He Kiyoi S, Zhu W, Ru P, Ge X, Govindasamy K. 

Human cytomegalovirus in cancer: the mechanism of 

HCMV-induced carcinogenesis and its therapeutic 

potential. Front Cell Infect Microbiol. 2023;13:1202138. 

35.Dolan A, Cunningham C, Hector RD, Hassan-Walker A F, 

Lee L, Addison C, Dargan DJ, McGeoch DJ, Gatherer D, 

Emery VC, Griffiths PD, Sinzger C, McSharry BP, 

Wilkinson GWG, Davison AJ.. Genetic content of wild-type 

http://www.cancer/
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+J&cauthor_id=35797463
https://pubmed.ncbi.nlm.nih.gov/?term=Wierzbowska+A&cauthor_id=35797463
https://pubmed.ncbi.nlm.nih.gov/?term=Naoe+T&cauthor_id=24487413


10  Egyptian Pharmaceutical Journal, Vol.0 No.0, Month 2025   
  

human cytomegalovirus. J Gen Virol. 2004;85(Pt 5):1301-

1312. 

36.Herbein G. The Human Cytomegalovirus, from 

Oncomodulation to Oncogenesis. Viruses. 2018;10(8):408. 

37. Diaz N, Minton S, Cox C, Bowman T, Gritsko T, Garcia R, 

Eweis I, Wloch M, Livingston S, Seijo E, Cantor A, Lee JH, 

Beam CA, Sullivan D, Jove R, Muro-Cacho, CA.Activation 

of stat3 in primary tumors from high-risk breast cancer 

patients is associated with elevated levels of activated SRC 

and survivin expression. Clin Cancer Res. 2006;12(1):20-28. 

38.Herbein G, Kumar A. The oncogenic potential of human 

cytomegalovirus and breast cancer. Front Oncol. 

2014;4:230. 

39. Albrecht T, Rapp F. Malignant transformation of hamster 

embryo fibroblasts following exposure to ultraviolet-

irradiated human cytomegalovirus. Virology. 

1973;55(1):53-61. 

40.Shamsia IS, Abozahra R, Baraka K, Shmeila AA, 

Abdelhamid SM. Prognosis of Human Cytomegalovirus in 

Cancer Patients Undergoing Chemotherapeutic Treatment 

in Egypt and an Emergent Prevalence of Glycoprotein B-

5. J Pure Appl Microbiol.  2022;16(4):2530-2542. 

41. Abdellateif  MS, Kassem AB, El-Meligui YM. Combined 

Expression of CD34 and FLT3-Internal Tandem 

Duplication Mutation Predicts Poor Response to Treatment   

in Acute Myeloid Leukemia. Int J Gen Med. 2020;13:867-

879.  

42. Dawood RM, Gomaa AA, Abd El Meguid M, Hassan EA, 

Salum GM, Fares HM, El Awady MK, Fares EM, Esmat 

G.The Impact of Direct-Acting Antiviral Agents on 

Cytomegalovirus Reactivation in Chronic Hepatitis C 

Infection. Asian Pac J Cancer Prev. 2022;23(4):1365-1372. 

43. Ogana HA, Hurwitz S, Wei N, Lee E, Morris K, Parikh K, 

Kim YM. Targeting integrins in drug-resistant acute 

myeloid leukaemia. Br J Pharmacol. 2024;181:295–316.  

44.Herrity E, Pereira MP, Kim DDH. Acute myeloid  

leukaemia relapse after allo geneic haematopoietic stem 

cell transplantation: mechanistic diversity and therapeutic 

directions. Br J Haematol. 2023;203:722–35. 

45.Yi M, Li A, Zhou L, Chu Q, Song Y, Wu K. The global 

burden and attributable risk factor analysis of acute 

myeloid leukemia in 195 countries and territories from 

1990 to 2017: estimates based on the global burden of 

disease study 2017. J Hematol Oncol. 2020;13:72. 

46. Chen P, Liu X, Zhao Y, Hu Y, Guo J, Wang H. Global, 

national, and regional burden of acute myeloid leukemia  

      among 60–89 years-old individuals: insights from a study 

covering the period 1990 to 2019. Front Public Health. 

2023;11:1329529.  

47. Ou Z, Yu D, Liang Y, He W, Li Y, Zhang M, You F, He H, 

Chen Q. Analysis of the global burden of disease study 

highlights the trends in death and disability-adjusted life 

years of leukemia from 1990 to 2017. Cancer Commun 

(Lond). 2020;40:598–610. 

48. Halary F, Amara A, Lortat-Jacob H, Messerle M, Delaunay 

T, Houlès C, Fieschi F, Arenzana-Seisdedos F, Moreau JF, 

Déchanet-Merville J. Human cytomegalovirus binding to 

DC-SIGN is required for dendritic cell infection and target 

cell trans-infection. Immunity. 2002;17(5):653-664. 

49.Chanswangphuwana C, Wudhikarn K, 

Watanaboonyongcharoen P, Kansuwan P, Sukperm A, 

Bunworasate U. Prognostic factors and impact of CMV 

reactivation on acute myeloid leukemia patients after HLA-

matched myeloablative allogeneic stem cell transplantation 

in a high CMV prevalence country. Hematol Transfus Cell 

Ther. 2023;45 Suppl 2(Suppl 2):S51-S56. 

50.Yuasa H, Kyo T,  Yoshida N, Katayama Y, Asaoku H. 

Cytomegalovirus Infection in Patients with Acute 

Leukemia and MDS. Blood. 2009; 114 (22) : 4167. 

51.Lv Y, Han F, An Z, Jia Y, Xuan L, Gong L. 

Cytomegalovirus Infection Is a Risk Factor in 

Gastrointestinal Cancer: A Cross-Sectional and Meta-

Analysis Study. Intervirology (2020) 63 (1-6): 10–16. 

52.Abbas M, Bin Naeem S, Jhatial MA, Bokhari SW, Ahsan B, 

Ahmad U. Cytomegalovirus Reactivation in Patients With 

Acute Lymphoblastic Leukemia in Non-transplant 

Setting. Cureus. 2022;14(12); e32936. 

53.Akbar A. N. (2010). The silent war against CMV in 

CLL. Blood, 116(16), 2869–2870. 

54.El Shazly DF, Bahnassey AA, Omar OS, Elsayed ET, Al-

Hindawi A, El-Desouky E, Youssef H, Zekri AN. 

Detection of Human Cytomegalovirus in Malignant and 

Benign Breast Tumors in Egyptian Women. Clin Breast 

Cancer. 2018;18(4):e629-e642. 

55.El-Shinawi M, Mohamed HT, El-Ghonaimy EA, Tantawy 

M, Younis A, Schneider RJ, Mohamed MM. Human 

cytomegalovirus infection enhances NF-κB/p65 signaling 

in inflammatory breast cancer patients. PLoS One. 

2013;8(2):e55755. 

56.Handous I, Hannachi N, Achour B, Hazgui O, Marzouk  M, 

Khelif A, Hannachi N, Boukadida J. Presence of 

cytomegalovirus and human herpesvirus 6 in-patients with 

lymphomas. Int J Infect Dis. 2020;101:298.  

57.Torres HA, Kontoyiannis DP, Aguilera EA, Younes A, 

Luna MA, Tarrand JJ, Nogueras GM, Raad II, Chemaly 

RF. Cytomegalovirus infection in patients with lymphoma: 

An important cause of morbidity and mortality. Clinical 

Lymphoma and Myeloma. 2006;6(5):393-398.  

58.Samanta M, Harkins L, Klemm K, Britt WJ, Cobbs CS. 

High prevalence of human cytomegalovirus in prostatic 

intraepithelial neoplasia and prostatic carcinoma. J Urol. 

2003;170(3):998-1002. 

59.Cobbs CS, Harkins L, Samanta M, Gillespie  GY, Bharara  

S, King PH, Nabors LB, Cobbs CG, Britt WJ. Human 

cytomegalovirus infection and expression in human 

malignant glioma. Cancer Res. 2002;62(12):3347-3350. 

60.Michaelis M, Doerr HW, Cinatl J. The story of human 

cytomegalovirus and cancer: Increasing evidence and open 

questions. Neoplasia. 2009;11(1):1-9. 

61.Cobbs CS. Is HCMV a tumor promoter? Virus Res. 

2011;157(2):193-203. 

62.Strååt K, Liu C, Rahbar A, Zhu, Q, Liu L, Wolmer-Solberg 

N, Lou F, Liu Z, Shen J, Jia J, Kyo S, Björkholm M, 

Sjöberg J, Söderberg-Nauclér C, Xu D. Activation of 

telomerase by human cytomegalovirus. J Natl Cancer Inst. 

2009;101(7):488-497. 

63.Sinclair J, Sissons P. Latency and reactivation of human 

cytomegalovirus. J Gen Virol. 2006;87(7):1763-1779. 

64.Soderberg-Naucler C, Fish KN, Nelson JA. Reactivation of 

latent human cytomegalovirus by allogeneic stimulation of 

blood cells from healthy donors. Cell. 1997;91(1):119-126. 

 65.Joshi D, Quadri M, Gangane N, Joshi R, Gangane N. 

Association of Epstein Barr virus infection (EBV) with 

breast cancer in rural Indian women. PLoS One. 

2009;4(12):e8180. 

66.Cinatl J Jr, Vogel JU, Kotchetkov R, Wilhelm Doerr H. 

Oncomodulatory signals by regulatory proteins encoded by 

human cytomegalovirus: a novel role for viral infection in 

tumor progression. FEMS Microbiol Rev. 2004;28(1):59-

77. 

67.Kalejta RF, Shenk T. Manipulation of the cell cycle by 

human cytomegalovirus. Front Biosci. 2002;7:d295-d306. 

68.Zhu H, Shen Y, Shenk T. Human cytomegalovirus IE1 and 

IE2 proteins block apoptosis. J Virol. 1995;69(12):7960-

7970. 

69.Bego MG, St Jeor S. Human cytomegalovirus infection of 

cells of hematopoietic origin: HCMV-induced 

immunosuppression, immune evasion, and latency. Exp 

Hematol. 2006;34(5):555-570. 

70.Grivennikov SI, Greten FR, Karin M. Immunity, 

inflammation, and cancer. Cell. 2010;140(6):883-899. 

javascript:;


Increased incidence of HCMV DNAemia among adult AML patients  Khedr et al.  11 
 

 

71.Speir E, Yu ZX, Takeda K, Ferrans VJ, Cannon RO 3rd. 

Antioxidant effect of estrogen on cytomegalovirus-induced 

gene expression in coronary artery smooth muscle 

cells. Circulation. 2000;102(24):2990-2996. 

72.Mackowiak PA, Haley ML, Marling-Cason M, Tiemens 

KM, Luby JP. Effect of human sex hormones on 

cytomegalovirus growth and Fc receptor expression. J Lab 

Clin Med. 1987;110(4):427-432. 

73.Shaw AC, Joshi S, Greenwood H, Panda A, Lord JM. Aging 

of the innate immune system. Curr Opin Immunol. 

2010;22(4):507-513. 

74.Goronzy JJ, Weyand CM. Understanding 

immunosenescence to improve responses to vaccines. Nat 

Immunol. 2013;14(5):428-436. 

75. Lindau P, Mukherjee R, Gutschow MV, Vignali M, Warren 

EH, Riddell SR, Makar KW, Turtle CJ, Robins HS. 

Cytomegalovirus Exposure in the Elderly Does Not Reduce 

CD8 T Cell Repertoire Diversity. J Immunol. 

2019;202(2):476-483. 

76.Almanzar G, Schwaiger S, Jenewein B, Keller M, Herndler-

Brandstetter D, Würzner R, chönitzer D, Grubeck-

Loebenstein B. Long-term cytomegalovirus infection leads 

to significant changes in the composition of the CD8+ T-

cell repertoire, which may be the basis for an imbalance in 

the cytokine production profile in elderly persons. J Virol. 

2005;79(6):3675-3683. 

77.Frasca D, Blomberg BB. Aging, cytomegalovirus (CMV) 

and influenza vaccine responses. Hum Vaccin Immunother. 

2016;12(3):682-690. 

78.Setiawan A, Harjoko A, Ratnaningsih T,  Suryani E, 

Wiharto, Palgunadi S. Classification of Cell Types In Acute 

Myeloid Leukemia (AML) of M4, M5 and M7 Subtypes 

With Support Vector Machine Classifier. ICOIACT, 2018; 

45-49. 

79.Gallant RE, Arroyo K, Bracci PM Li S, Metayer C, Kogan 

SC, Wendt GA, Francis SS, de Smith AJ, Wiemels 

JL.Clinical characteristics of cytomegalovirus-positive 

pediatric acute lymphoblastic leukemia at diagnosis. Am J 

Hematol. 2022;97(6):E198-E201. 

80.American Cancer Society, “Acute Myeloid Leukemia Early 

Detection, Diagnosis, and Types”. Atlanta; 2018.  

81.Abdul-Hamid G. Classification of acute leukemia. Ann. 

Intern. Med. 2011; 87; 740–753. 

82.Kiyoi H. Flt3 inhibitors: recent advances and problems for 

clinical application. Nagoya J Med Sci. 2015;77:7-17. 

83.Döhner H, Estey E, Grimwade D, Amadori S, Appelbaum 

FR, Büchner T, Dombret H, Ebert BL, Fenaux P,        

Larson RA, Levine RL, Lo-Coco F, Naoe T, Niederwieser           

D, Ossenkoppele GJ, Sanz M, Sierra J, Tallman              

MS,  Tien    HF, Wei AH,  Löwenberg B, Bloomfield       

CD. Diagnosis and management of AML in                

adults: 2017 ELN recommendations from an                 

international  expert panel.  Blood. 2017;129:424-447.

 


