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Abstract

Background: Infections are major contributors to morbidity and mortality during neutropenia in children undergoing
cancer treatment, particularly in the setting of febrile neutropenia.

Objectives: This study aimed to investigate herpesvirus infections in children with various malignancies presenting with
neutropenic fever.

Methods: In this cross-sectional study conducted from May 2022 to May 2023 at Baghaei Hospital in Ahvaz, 5 mL of whole
blood was collected from 41 patients with various malignancies who presented with neutropenic fever. DNA was extracted and
analyzed by polymerase chain reaction (PCR) using universal herpesvirus primers and cytomegalovirus (CMV)-specific primers.

Results: Among 41 patients with malignancy, 5 (12.2%) tested positive with universal herpesvirus primers, and all 5 tested
positive with CMV-specific primers.

Conclusions: Cytomegalovirus was identified as a probable viral agent of fever and neutropenia in children with malignancy.
These findings underscore the importance of testing for viral etiologies of neutropenic fever to inform treatment decisions.
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1. Background

Infections are important causes of morbidity and
mortality during neutropenia in children undergoing
cancer treatment. The management of neutropenic
fever in this setting, in which patients receive toxic and
intensive chemotherapy, requires special attention (1).
Major clinical guidelines use risk stratification systems
for chemotherapy regimens, classifying them as high
risk (> 20%), intermediate risk (10% - 20%), or low risk (<
10%) according to the likelihood of inducing
neutropenic fever (2, 3).

Most individuals acquire infections with viruses such
as cytomegalovirus (CMV), herpes simplex virus type 1

(HSV-1), herpes simplex virus type 2 (HSV-2), human
herpesvirus 6B (HHV-6B), and human herpesvirus 7
(HHV-7) during childhood. In immunocompetent
children, CMV may present as heterophile-negative
mononucleosis, whereas HHV-6B is commonly
associated with roseola infantum, also known as
exanthem subitum or sixth disease. Human herpesvirus
7 is implicated in a smaller proportion of roseola cases.
Primary infections with these viruses are often
asymptomatic or mild and may present with fever,
lethargy, and transient liver enzyme abnormalities (4-7).
In contrast, primary infection or reactivation of CMV
in immunocompromised hosts, such as patients
receiving chemotherapy or organ transplantation
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recipients, can cause pneumonia, colitis, hepatitis,
pancytopenia, and fever. Human herpesvirus 6, which
has 2 variants, HHV-6A and HHV-6B, with different cell
tropisms, also tends to reactivate after transplantation
(8). Human herpesvirus 6 DNA can be detected in the
saliva of healthy individuals, and infection is highly
common; nearly all children are infected by 3 years of
age (8, 9). The HHV-6B variant is more commonly
associated with pathogenicity and exanthem subitum
(10, 11). Human herpesvirus 7, which is closely related to
HHV-6, has also been reported in exanthem subitum and
febrile illnesses and is highly prevalent in adults (11),
although its role in immunocompromised patients is
less well defined.

After primary infection, these viruses can persist
latently and reactivate when immunity is impaired.
During cancer chemotherapy or after transplantation,
herpesviruses can reactivate and cause febrile illness
and, in some cases, life-threatening conditions such as
pneumonia, encephalitis, bone marrow suppression, or
graft rejection (12). Reactivation during chemotherapy-
induced neutropenia or after bone marrow
transplantation may also cause severe mucositis (8). In
addition to their direct effects, herpesviruses may
exacerbate disease when they occur with other
infections, including fungal pathogens.

The risk of infection among pediatric cancer patients
is well recognized, and substantial efforts have focused
on identifying and treating bacterial and fungal
infections associated with fever and neutropenia.
However, viral causes have received comparatively less
attention (13). In Ahvaz, one of the few local pediatric
studies reported CMV, Epstein-Barr virus (EBV), and HHV-
6 as common viral infections among
immunocompetent children (19). This finding
highlights the importance of viral testing in pediatric
oncology patients, but it also underscores substantial
gaps in local viral surveillance data, particularly in
southwest Iran. Despite the growing recognition of viral
infections in this population, data on the prevalence
and impact of herpesvirus infections such as CMV
remain sparse compared with those on bacterial and
fungal infections. The absence of large-scale multicenter
studies limits a comprehensive understanding of viral
epidemiology in this region. In addition, limited
resources and financial constraints have hindered the
collection of larger sample sizes, and the present study
did not include serologic or quantitative PCR analyses
that could have correlated viral activity more precisely
with clinical outcomes. Addressing these gaps could
improve clinical management and decision-making,

reduce unnecessary use of broad-spectrum antibiotics,
and ultimately improve patient outcomes.

2. Objectives

This study aimed to investigate herpesvirus
infections, particularly CMV, in hospitalized pediatric
cancer patients with neutropenic fever in Ahvaz, Iran.

3. Methods

3.1. Study Design, Setting, and Participants

This cross-sectional study was conducted from May
2022 to May 2023. Whole blood samples (5 mL) were
collected from 41 pediatric patients with various
malignancies who presented with neutropenic fever. All
participants were hospitalized pediatric cancer patients
with neutropenic fever, and the diagnosis was
confirmed by an oncologist. Neutropenia was defined as

an absolute neutrophil count (ANC) < 1.5 x 10°/L (< 1500
cells/uL), and fever was defined as an oral temperature >
38.3°C (18). Samples were obtained from Baghaei
Hospital, Ahvaz. Based on the medical histories, patients
had not received antiviral therapy targeting
herpesviruses. Written informed consent was obtained,
and the study was approved by the ethics committee
(IR.AJUMS.REC.1401.111).

3.2. Peripheral Blood Mononuclear Cell Isolation

Peripheral blood mononuclear cells (PBMCs) were
isolated using a Ficoll density gradient. Briefly, 5 mL of
phosphate-buffered saline (PBS) was added to dilute the
whole blood, which was then carefully layered over 2 mL
of Ficoll to avoid mixing. After centrifugation at 2000
rpm for 20 minutes, the buffy coat was collected and
washed by centrifugation at 10,000 rpm for 1 minute to
remove residual Ficoll. The cell pellet was resuspended
in 200 pL of lysis buffer and stored at -20°C for further
analysis. PBMC isolation was performed to increase DNA
yield, as this approach typically uses 3 - 5 mL of blood
compared with approximately 200 uL for direct whole-
blood extraction.

3.3. DNA Extraction

DNA was extracted using a commercial kit (Sina Pure
One, SinaClon BioScience, Iran). Extracted DNA was
stored at-20°C for long-term preservation.

3.4. Polymerase Chain Reaction for Herpesvirus Detection

Herpesvirus DNA was detected using universal
primers HSV-P1 (5’-GTGGTGGACTTTGCCAGCCTGTACCC-3’)

Arch Pediatr Infect Dis. 2026;14(4): e164482


https://brieflands.com/journals/apid/articles/164482

Rasti M et al.

Brieflands

and HSV-P2 (5-TAAACATGGAGTCCGTGTCGCCGTAGATGA-
3’) (14), which detect HSV-1/2, CMV, EBV, and human
herpesvirus 8 (HHV-8). Each reaction contained 1 pL of
each primer (10 pmol), 12.5 puL of PCR master mix
(Amplicon, Denmark), 2.5 pL of template DNA, and
nuclease-free water to a final volume of 25 pL. The
cycling conditions were as follows: initial denaturation
at 95°C for 15 minutes, followed by 45 cycles of 94°C for 1
minute, 62°C for 1 minute, and 72°C for 1 minute in a Bio-
Rad thermal cycler (USA). Ten microliters of each
reaction were analyzed on a 1% agarose gel at 100 V for 45
minutes. A visible band of approximately 526 bp was
considered positive using a Vilber gel documentation
system (France). Weak bands were retested and
considered positive if they were reproducible and
showed greater intensity. DNA extraction and PCR setup
were performed in separate dedicated areas, including a
laminar hood and a PCR workstation. Distilled water
served as the negative control, and a herpesvirus-
positive control from Vero cell culture was included.

3.5. Polymerase Chain Reaction for Cytomegalovirus
Detection

Samples positive with the universal herpesvirus
primers were tested for CMV using specific primers
(forward 5-CAA GCC ATC CAC ATC TCC CGC-3’; reverse 5'™-
GCG GCA TAG AAT CAA GGA GCA CAT-3"), which produced
a 222-bp amplicon. The cycling conditions and the
master mix were identical to those described above,
except that the annealing temperature was 50°C and 35
cycles were used.

4.Results

The mean age of the patients was 7.24 + 3.8 years (95%
Cl, 6.04 - 8.44). Thirty patients were male (30/41, 73.2%;
95% CI, 57.1% - 85.8%), and 11 were female (11/41, 26.8%; 95%
Cl, 14.2% - 42.9%). Acute lymphoblastic leukemia (ALL)
was the most common malignancy (48%). Other
malignancies are shown in Figure 1.

Five patients tested positive using universal
herpesvirus primers (5/41, 12.2%; 95% CI, 4.1% - 26.2%)
(Figure 2), and all 5 were CMV-positive using CMV-
specific primers; 3 are shown in Figure 3.

The mean age of CMV-positive patients was 6.25 £ 4.5
years (95% CI, 0.66 - 11.84). Three CMV-positive patients
had ALL and 1 had rhabdomyosarcoma (RMS); 3 were
male and 2 were female (Table 1).

5. Discussion

Children with malignancy often experience
immunosuppression and leukopenia due to

Arch Pediatr Infect Dis. 2026;14(4): e164482

chemotherapy, which predisposes them to various
infections, including the reactivation of latent viruses
(15, 16). Neutropenic fever is a common complication in
this population, and an accurate etiologic diagnosis is
essential for appropriate management and antibiotic
stewardship (17). Cytomegalovirus persists latently
mainly in cells of the myeloid lineage, such as
progenitor cells and monocytes, with viral gene
expression epigenetically repressed. Reactivation is
closely linked to myeloid differentiation, including
differentiation toward macrophages and dendritic cells,
which permits immediate-early gene expression.
Chemotherapy-related mucosal damage, infections, and
systemic inflammation generate cytokine signaling that
can directly stimulate CMV lytic transcription programs;
tumor necrosis factor alpha-linked pathways, such as
nuclear factor kappa B activity, are well-described
triggers of CMV reactivation in myeloid models (18).

In our evaluation of 41 neutropenic febrile patients
with malignancy, 5 were CMV-positive by PCR. These
findings regarding the prevalence of CMV among
pediatric oncology patients with neutropenic fever in
Ahvaz provide important insight into the viral etiology
of this condition. Although CMV is a well-known
pathogen in immunocompromised individuals globally,
its specific impact on pediatric cancer patients in Iran
has been less well documented. Previous regional
studies, such as those conducted by Shamsizadeh et al.,
have highlighted the presence of viral infections such as
CMV, EBV, and HHV-6 in febrile neutropenic children at
hospitals in Ahvaz. However, these studies have not fully
explored the role of herpesviruses in the context of
malignancies such as ALL, which was the most common
cancer in the present study. By situating our results
within the broader landscape of Iranian and regional
data, this research underscores the need for routine
viral testing and targeted antiviral strategies to improve
outcomes in pediatric cancer patients with neutropenic
fever (19).

Shamsizadeh et al. reported viral infections in 19 of
92 febrile neutropenic children at Abuzar Children’s
Hospital in Ahvaz, with CMV accounting for 3 cases
(3:3%), which is broadly comparable with our findings
(19). Differences may reflect population characteristics:
our patients were immunocompromised due to
malignancy, whereas the previous study included febrile
neutropenic patients without the same degree of
immunodeficiency. Obrova et al. evaluated 237 febrile
neutropenic chemotherapy patients and detected EBY,
CMV, and HHV-6 viremia; 6 CMV cases were reported,
including 5 pediatric cases and 1adult case (20). Another
study involving 241 patients reported that


https://brieflands.com/journals/apid/articles/164482

Rasti M et al.

Brieflands

Al

B AML

© Neuroblastoma B Ependymoma

B Adenocarcinoma B RMS

B Brain tumor | | Ap]asl:lc anemia

¥ Wilms tumor
B Osteosar coma

¥ Non hodgkin,s lymphoma

Figure 1. Frequency of different kinds of malignancies enrolled in the study. ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; RMS, rhabdomyosarcoma.

approximately 63% of neutropenic fever episodes in
children had a viral cause, which, as in our study,
indicates a high proportion of viral infections. Wang et
al. found that among 107 cancer patients with CMV
viremia, approximately 70% had solid tumors and 30%
had hematologic malignancies (21). In our study, 3 of 5
CMV-positive cases had ALL and 1 had a solid tumor, a
distribution that may reflect the small sample size and
the regional prevalence of leukemia. Indeed, leukemia is
among the most frequent and increasingly common
pediatric cancers in the United States (22), and the
incidence of ALL among children in Khuzestan Province
has been reported to be approximately 5 times that of
acute myeloid leukemia (AML) (23). Moreover, CMV
infection has been associated with increased cancer-
related mortality (24). Sato et al. reported a CMV rate of

5.5% (13/236) among lymphoma patients who had not
undergone hematopoietic stem cell transplantation,
which is similar to our findings (25). Cytomegalovirus
reactivation has also been reported after
chemoradiotherapy in esophageal cancer, including a
rate of 14% in one cohort. Optimizing antiviral strategies,
such as synergistic combinations, alternating
nucleoside and non-nucleoside agents, and therapeutic
drug monitoring, may improve outcomes in
immunocompromised patients (26).

This study, together with the reviewed literature,
highlights the importance of investigating viral
infections, particularly latent viral infections, in
vulnerable patients such as those with cancer. Because
of the immunosuppressive effects of anticancer
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Figure 2. Polymerase chain reaction results of patients' samples using herpesvirus universal primers HSV-P1and HSV-P2 with an approximately 526-bp PCR amplicon. Lane 1,100-

bp PCR ladder; lanes 2 - 7, patient samples; lane 8, negative control; lane 9, positive control.

treatments, these patients are highly susceptible to
various infectious diseases. Accurately distinguishing
viral from bacterial infections is also crucial for guiding
treatment strategies. Integrating viral screening into
the diagnostic algorithm could help clinicians more
accurately identify the etiology of fever in neutropenic
patients and distinguish viral from bacterial causes. This
approach could improve diagnostic precision and
support  antibiotic  stewardship by reducing
unnecessary broad-spectrum antibiotic use. Targeted
antiviral therapy could also be initiated more promptly
in patients with confirmed viral infections, while
unnecessary antibiotics could be minimized, ultimately
helping prevent antibiotic resistance.

This study also underscores the importance of
multicenter collaborations, both in Iran and
internationally, to develop more comprehensive and
representative datasets. However, the study had several
limitations. Time and budget constraints prevented the
collection of a larger sample size, which might have

Arch Pediatr Infect Dis. 2026; 14(4): e164482

yielded more robust findings. In addition, we were
unable to assess patients for other viral, bacterial, or
fungal infections. More detailed clinical and serologic
correlation, including viral load and IgM[IgG levels,
would have clarified the causal relationship and helped
differentiate reinfection from new infection, but this
was not possible because of financial limitations.
Another limitation was the absence of longitudinal
follow-up, leaving the potential correlation between
CMV detection and clinical outcomes unclear.

5.1. Conclusions

Cytomegalovirus was the predominant herpesvirus
detected among febrile neutropenic children with
malignancy in Ahvaz. Routine consideration of viral
testing in this population may support an etiologic
diagnosis and guide antimicrobial stewardship. Future
studies should include quantitative PCR or serologic
assays and larger multicenter cohorts to better correlate
viral activity with clinical outcomes.
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Figure 3. Polymerase chain reaction results of 5 herpesvirus-positive patients using CMV-specific primers with an approximately 200-bp PCR amplicon. Lane 1,100-bp PCR ladder;
lanes 2 - 6, patient samples; lane 7, negative control; lane 8, positive control. Samples 2, 3, and 5 were negative or weakly positive in this figure. After retesting, these samples
showed positive results.
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Table 1. Demographic Data of Positive Cases

Gender Age Malignancy PCR Result

Female - - CMV-positive
Male 4 ALL CMV-positive
Female 4 RMS CMV-positive
Male 13 ALL CMV-positive
Male 4 ALL CMV-positive

@ Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CMV, cytomegalovirus; PCR, polymerase chain reaction; RMS, rhabdomyosarcoma.

Footnotes

Al Use Disclosure: For the purpose of Text Editing, the
Deep Seek was used Minor in the Introduction section.

Authors' Contribution: Study concept and design: H.
Y, A. S. and B. K;; Doing experiment: M. R. and N. N,;
Drafting of the manuscript: M. R,, E. M. and B. M,; Critical
revision of the manuscript for important intellectual
content: M. R.

Conflict of Interests Statement: The author declares
that there are no conflicts of interest.

Data Availability: The data presented in this study are
uploaded during submission as a supplementary file
and are openly available for readers upon request.

Ethical Approval: This study is approved under the
ethical approval code of IR AJUMS.REC.1401.111.

Funding/Support: This study was financially
supported by the Ahvaz Jundishapur University of
Medical Sciences (grant No. Th-0107).

Informed Consent: Written informed consent was
obtained from all participants.

References

1. Persson L, Vikerfors T, Sjoberg L, Engervall P, Tidefelt U. Increased
incidence of bacteraemia due to viridans streptococci in an
unselected population of patients with acute myeloid leukaemia.
Scand ] Infect Dis. 2000;32(6):615-21. [PubMed ID: 11200370].
https://doi.org[10.1080/003655400459513.

2. Klastersky ], de Naurois ], Rolston K, Rapoport B, Maschmeyer G,
Aapro M, et al. Management of febrile neutropaenia: ESMO Clinical
Practice Guidelines. Ann Oncol. 2016;27(Suppl 5):v111-v118. [PubMed ID:
27664247). https://doi.org/10.1093/annonc/mdw325.

3. Becker PS, Griffiths EA, Alwan LM, Bachiashvili K, Brown A, Cool R, et
al. NCCN guidelines insights: hematopoietic growth factors, Version
12020. J Natl Compr Canc Netw. 2020;18(1):12-22. [PubMed ID:
31910384]. https://doi.org[10.6004/jnccn.2020.0002.

Arch Pediatr Infect Dis. 2026;14(4): e164482

10.

11.

12.

14.

Hall CB, Long CE, Schnabel KC, Caserta MT, McIntyre KM, Costanzo
MA, et al. Human herpesvirus-6 infection in children-a prospective
study of complications and reactivation. N Engl | Med. 1994;331(7):432-
8. [PubMed ID: 8035839].
https://doi.org[10.1056/NEJM199408183310703.

Hall CB, Caserta MT, Schnabel KC, McDermott MP, Lofthus GK,
Carnahan JA, et al. Characteristics and acquisition of human
herpesvirus (HHV)-7 infections in relation to infection with HHV-6. |
Infect  Dis.  2006;193(8):1063-9. [PubMed ID:  16544246].
https:|/doi.org/10.1086/503434.

Wreghitt TG, Teare EL, Sule O, Devi R, Rice P. Cytomegalovirus
infection in immunocompetent patients. Clin Infect Dis.
2003;37(12):1603-6. [PubMed ID: 14689339].
https://doi.org/10.1086/379711.

Manfredi R, Calza L, Chiodo F. Primary cytomegalovirus infection in
otherwise healthy adults with fever of unknown origin: a 3-year
prospective survey. Infection. 2006;34(2):87-90. [PubMed ID:
16703298]. https://doi.org/10.1007/s15010-006-5012-0.

Persson L, Dahl H, Linde A, Engervall P, Vikerfors T, Tidefelt U. Human
cytomegalovirus, human herpesvirus-6 and human herpesvirus-7 in
neutropenic patients with fever of unknown origin. Clin Microbiol
Infect. 2003;9(7):640-4. [PubMed ID: 12925104].
https:|/doi.org/10.1046(j.1469-0691.2003.00578 X.

Levy JA, Ferro F, Greenspan D, Lennette ET. Frequent isolation of HHV-
6 from saliva and high seroprevalence of the virus in the population.
Lancet.  1990;335(8697):1047-50.  [PubMed  ID:  1970369].
https://doi.org/10.1016/0140-6736(90)92628-U.

Yamanishi K, Shiraki K, Kondo T, Okuno T, Takahashi M, Asano Y, et al.
Identification of human herpesvirus-6 as a causal agent for
exanthem subitum. Lancet. 1988;331(8594):1065-7. [PubMed ID:
2896909]. https:[/doi.org[10.1016/S0140-6736(88)91893-4.

Tanaka-Taya K, Kondo T, Mukai T, Miyoshi H, Yamamoto Y, Okada S, et
al. Seroepidemiological study of human herpesvirus-6 and -7 in
children of different ages and detection of these two viruses in
throat swabs by polymerase chain reaction. ] Med Virol. 1996;48(1):88-
94, https://doi.org/10.1002/(SICI)1096-9071(199601)48:1<88::AID-
JMV14>3.0.CO.

Pellett PE, Tipples G. Human Herpesviruses 6, 7, and 8. Manual of
Clinical Microbiology. 2015:1754-1768.
https://doi.org/10.1128/9781555817381.ch102.

Yee-Guardino S, Gowans K, Yen-Lieberman B, Berk P, Kohn D, Wang FZ,
et al. B-Herpesviruses in febrile children with cancer. Emerg Infect Dis.
2008;14(4):579-585. [PubMed ID: 18394275]. [PubMed Central ID:
PMC11323659]. https://doi.org/10.3201/eid1404.070651.

Johnson G, Nelson S, Petric M, Tellier R. Comprehensive PCR-based
assay for detection and species identification of human
herpesviruses. | Clin Microbiol. 2000;38(9):3274-9. [PubMed ID:
10970370]. [PubMed Central ID: PMC87373].
https://doi.org[10.1128/JCM.38.9.3274-3279.2000.


https://brieflands.com/journals/apid/articles/164482
http://www.ncbi.nlm.nih.gov/pubmed/11200370
https://doi.org/10.1080/003655400459513
http://www.ncbi.nlm.nih.gov/pubmed/27664247
https://doi.org/10.1093/annonc/mdw325
http://www.ncbi.nlm.nih.gov/pubmed/31910384
https://doi.org/10.6004/jnccn.2020.0002
http://www.ncbi.nlm.nih.gov/pubmed/8035839
https://doi.org/10.1056/NEJM199408183310703
http://www.ncbi.nlm.nih.gov/pubmed/16544246
https://doi.org/10.1086/503434
http://www.ncbi.nlm.nih.gov/pubmed/14689339
https://doi.org/10.1086/379711
http://www.ncbi.nlm.nih.gov/pubmed/16703298
https://doi.org/10.1007/s15010-006-5012-0
http://www.ncbi.nlm.nih.gov/pubmed/12925104
https://doi.org/10.1046/j.1469-0691.2003.00578.x
http://www.ncbi.nlm.nih.gov/pubmed/1970369
https://doi.org/10.1016/0140-6736(90)92628-U
http://www.ncbi.nlm.nih.gov/pubmed/2896909
https://doi.org/10.1016/S0140-6736(88)91893-4
https://doi.org/10.1002/(SICI)1096-9071(199601)48:1%3C88::AID-JMV14%3E3.0.CO
https://doi.org/10.1002/(SICI)1096-9071(199601)48:1%3C88::AID-JMV14%3E3.0.CO
https://doi.org/10.1128/9781555817381.ch102
http://www.ncbi.nlm.nih.gov/pubmed/18394275
https://www.ncbi.nlm.nih.gov/pmc/PMC11323659
https://doi.org/10.3201/eid1404.070651
http://www.ncbi.nlm.nih.gov/pubmed/10970370
https://www.ncbi.nlm.nih.gov/pmc/PMC87373
https://doi.org/10.1128/JCM.38.9.3274-3279.2000

Rasti M et al.

Brieflands

15.

16.

17.

19.

20.

Latif MB, Shukla S, Del Rio Estrada PM, Ribeiro SP, Sekaly RP, Sharma
AA. Immune mechanisms in cancer patients that lead to poor
outcomes of SARS-CoV-2 infection. Transl Res. 2022;241:83-95.
[PubMed ID: 34871809]. [PubMed Central ID: PMC8641406].
https://doi.org[10.1016/j.trs1.2021.12.001.

Grinde B. Herpesviruses: latency and reactivation-viral strategies and
host response. | Oral Microbiol. 2013;5(1):22766. [PubMed ID:
24167660]). [PubMed Central ID: PMC3809354].
https://doi.org[10.3402/jom.v5i0.22766.

Nanayakkara AK, Boucher HW, Fowler VG, Jezek A, Outterson K,
Greenberg DE. Antibiotic resistance in the patient with cancer:
escalating challenges and paths forward. CA Cancer ] Clin.
2021;71(6):488-504. [PubMed ID: 34546590).
https://doi.org/10.3322/caac.21697.

Forte E, Zhang Z, Thorp EB, Hummel M. Cytomegalovirus latency and
reactivation: an intricate interplay with the host immune response.
Front Cell Infect Microbiol. 2020;10. 130. [PubMed ID: 32296651].
[PubMed Central ID: PMC7136410].
https://doi.org/10.3389/fcimb.2020.00130.

Shamsizadeh A, Neisi N, Seyedsalehi SS, Fathi M, Alisamir M,
Mirkarimi SM. Evaluation of the most common viral causes of fever
and neutropenia in children hospitalized in Abuzar Children's
Medical Center in Ahvaz, Iran. Jundishapur | Microbiol. 2023;16(4).
https://doi.org[10.5812/jjm-135198.

Obrova K, Grumaz S, Remely M, Czurda S, Krickl I, Herndlhofer S, et al.
Presence of viremia during febrile neutropenic episodes in patients
undergoing chemotherapy for malignant neoplasms. Am | Hematol.
2021;96(6):719-26. [PubMed ID: 33784434].
https://doi.org/10.1002/ajh.26177.

21.

22.

23.

24.

25.

26.

Wang YC, Wang NC, Lin ]JC, Perng CL, Yeh KM, Yang YS, et al. Risk
factors and outcomes of cytomegalovirus viremia in cancer patients:
a study from a medical center in northern Taiwan. | Microbiol
Immunol  Infect. 2011;44(6):442-8. [PubMed ID: 21602111].
https://doi.org/10.1016/j.jmii.2011.04.004.

Siegel DA, King B, Lupo PJ, Durbin EB, Tai E, Mills K, et al. Counts,
incidence rates, and trends of pediatric cancer in the United States,
2003 - 2019. JNCI ] Natl Cancer Inst. 2023;115(11):1337-54. [PubMed ID:
37433078]. [PubMed Central ID: PMC11018256].
https://doi.org[10.1093/jnci/djad115.

Salehi Kahyesh R, Alghasi A, Habibi Fathabadi H, Tahmasebi Birgani
Y, Abbasi nasab M, khazami A. Geographical information system-
based prevalence analysis of children's leukemia in southwest Iran.
Med J Tabriz Univ Med Sci. 2023;45(6):563-9.
https://doi.org/10.34172/mj.2024.008.

Huang X, Yi C, Ji Q, Meng Y, Zhang A, Yang C, et al. Association
between cytomegalovirus infection and cancer-related mortality in
US adults. Cancer Epidemiol. 2023;87. 102487. [PubMed ID: 37979224].
https://doi.org[10.1016/j.canep.2023.102487.

Sato K, Igarashi S, Tsukada N, Inamura ], Yamamoto M, Shindo M, et
al. Cytomegalovirus infection in patients with malignant
lymphomas who have not received hematopoietic stem cell
transplantation. BMC Cancer. 2022;22(1). 944. [PubMed ID: 36050665].
[PubMed Central ID: PMC9438155]. https://doi.org/10.1186/s12885-022-
10008-5.

Huntjens DW, Dijkstra JA, Verwiel LN, Slijkhuis M, Elbers P, Welkers
MRA, et al. Optimizing antiviral dosing for HSV and CMV treatment
in immunocompromised patients. Pharmaceutics. 2023;15(1):163.
[PubMed ID: 36678792]. [PubMed Central ID: PMC9863155].
https://doi.org/10.3390/pharmaceutics15010163.

Arch Pediatr Infect Dis. 2026;14(4): e164482


https://brieflands.com/journals/apid/articles/164482
http://www.ncbi.nlm.nih.gov/pubmed/34871809
https://www.ncbi.nlm.nih.gov/pmc/PMC8641406
https://doi.org/10.1016/j.trsl.2021.12.001
http://www.ncbi.nlm.nih.gov/pubmed/24167660
https://www.ncbi.nlm.nih.gov/pmc/PMC3809354
https://doi.org/10.3402/jom.v5i0.22766
http://www.ncbi.nlm.nih.gov/pubmed/34546590
https://doi.org/10.3322/caac.21697
http://www.ncbi.nlm.nih.gov/pubmed/32296651
https://www.ncbi.nlm.nih.gov/pmc/PMC7136410
https://doi.org/10.3389/fcimb.2020.00130
https://doi.org/10.5812/jjm-135198
http://www.ncbi.nlm.nih.gov/pubmed/33784434
https://doi.org/10.1002/ajh.26177
http://www.ncbi.nlm.nih.gov/pubmed/21602111
https://doi.org/10.1016/j.jmii.2011.04.004
http://www.ncbi.nlm.nih.gov/pubmed/37433078
https://www.ncbi.nlm.nih.gov/pmc/PMC11018256
https://doi.org/10.1093/jnci/djad115
https://doi.org/10.34172/mj.2024.008
http://www.ncbi.nlm.nih.gov/pubmed/37979224
https://doi.org/10.1016/j.canep.2023.102487
http://www.ncbi.nlm.nih.gov/pubmed/36050665
https://www.ncbi.nlm.nih.gov/pmc/PMC9438155
https://doi.org/10.1186/s12885-022-10008-5
https://doi.org/10.1186/s12885-022-10008-5
http://www.ncbi.nlm.nih.gov/pubmed/36678792
https://www.ncbi.nlm.nih.gov/pmc/PMC9863155
https://doi.org/10.3390/pharmaceutics15010163

