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Abstract

Context: Infections are a major cause of disease and mortality in transplant recipients. Despite the studies conducted in Iran, no
comprehensive and general research is available in this area. The present study aimed to determine the frequency of infectious
agents in patients after bone marrow transplantation in Iran.

Method: In this systematic review, relevant studies were selected based on type and objective, and data were collected from the
articles published in Iran regarding the frequency of infectious agents after bone marrow transplantation in different regions of
Iran. The studies were collected using systematic search methods.

Results: In total, 11 studies were identified regarding infectious agents after bone marrow transplantation. Six studies were con-
ducted in Tehran, three studies were performed in Shiraz, and Mashhad and Semnan provinces were the locations of two separate
studies. Most of the case studies identified viral agents (54.5%; n = 6), followed by fungal infectious agents (27.3%; n =3) and bacterial
agents (18.2%; n = 2). Gram-positive bacteria (bacterial agents), cytomegalovirus (viral agents), and Candida and Aspergillus (fungi)
had the highest frequency after bone marrow transplantation.

Conclusions: According to the results, viral, fungal, and bacterial infectious agents were respectively most frequent in patients
receiving bone marrow transplants. Gram-positive bacteria (bacterial agents), cytomegalovirus (viral agents), and Candida and As-

pergillus (fungi) had the highest frequency after bone marrow transplantation.
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1. Context

Bone marrow transplantation (BMT) is the re-
establishment of normal blood cell production through
the long-term transplantation of hematopoietic stem
cells. This technique is used to replace absent, malig-
nant, or genetically abnormal stem cells or to save the
patient from chemotherapy and radiotherapy against
bone marrow-destroying agents (1, 2). BMT is used for the
treatment of various diseases, such as aplastic anemia
(inability to make new tissues), leukemia, bone mar-
row cancer, immune system deficiency, lymphoid tissue
tumors (lymphomas; e.g., lymphadenoma [Hodgkin’s dis-
ease]), and rigid tumors such as breast cancer and ovarian
cancer (3, 4).

Various types of BMT include allogeneic BMT (5), autol-
ogous BMT (self-transplantation) (6), and syngeneic BMT
(identical twin transplant) (7, 8). BMT could be performed
by the allogeneic method (from the donor) or the autolo-

gous method (from the patient’s own) (9, 10).

Following BMT, numerous complications may occur in
the patient, and the frequency of these complications de-
pends on the type of transplantation, age and health status
of the patient,and underlying diseases. Some of these com-
plications are caused by the medications used to prepare
the patient, which should be continued after transplanta-
tion to preserve the transplant. On the other hand, some
BMT complications are caused by the immune reactions of
the patient after receiving the transplant. These compli-
cations include graft rejection, graft reaction against the
host, infections, malignancies, drug complications, hem-
orrhage, and bone marrow suppression (11, 12).

After transplantation, the patient is susceptible to life-
threatening infections for two reasons; first, the bone mar-
row lacks any cells at first, and the patient is unable to
cope with various factors. Second, using immunosup-
pressants to suppress the immune system exposes the pa-
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tient to infectious diseases (1, 13). In such cases, infection
could be prevented by taking measures such as strict ad-
herence to the principles of patient isolation, systemic an-
tibiotic consumption prophylactically, rapidly obtaining
cultures from the blood, urine, throat, and stool secretions
rapidly in the case of fever, respiratory physiotherapy to
prevent atelectasis and the subsequent pneumonia, con-
trolling vital signs accurately and regularly, assessing the
specific supplies of the patient, examining the visitors of
the patient in terms of infections, cleaning the room and
its equipment on a daily basis, and washing the patient’s
fruits and vegetables carefully (14, 15).

Infections are a major cause of disease and mortality
in transplant recipients. These patients are exposed to pri-
mary infections and at the risk of activating latent infec-
tions or infections with agents transmitted through the
transplanted tissue (16). Previous studies in Iran have in-
vestigated infectious agents after BMT. However, no com-
prehensive and complete studies are available in this re-
gard.

The present study was aimed to determine the fre-
quency of infectious agents after BMT in Iran based on the
previous studies in this regard.

2. Method

This systematic review was conducted to identify the
studies regarding the frequency of infectious agents af-
ter BMT. We searched for the articles published in domes-
tic and foreign journals and reputable in databases such
as ISI Web of Science, Cochrane Library, PubMed, MED-
LINE, EMBASE, Cochrane, CINAHL, MD Consult, ScienceDi-
rect, Google Scholar, Magiran, Ovid, Irandoc, Scopus, Scien-
tific Information Database (SID), and Index Medicus. The
literature search was performed using a systematic search
method and various keywords, which were selected based
on MESH standards, including Opportunistic Infections,
Bone Marrow Transplantation, Viral Infection, Bacterial In-
fection, Transplantation, and their Persian equivalents.

After identifying and extracting the articles from the
databases, their titles and abstracts were investigated by
the researchers. The eligibility criteria of the study were
available full-text articles regarding infectious agents af-
ter BMT and complete information. The exclusion criteria
were case reports and studies investigating infections in
other types of organ transplantations and their associated
diseases.

The selected articles were carefully investigated by the
researchers, and the articles relevant to the research sub-
ject were selected. Following that, the required data were
collected from the articles, including the name of the first
author, year of publication, type of study, geographical

location of the study, number of patients, type of infec-
tion, gender of the patients, and the species of the identi-
fied microorganisms. Other data were also extracted and
recorded in relevant forms. After investigation, the ob-
tained data were classified by the researchers, analyzed,
and interpreted.

3. Results

In total, 48 articles were identified in Persian and En-
glish languages, which investigated infectious agents af-
ter BMT in Iran. These articles were reviewed by the re-
searchers, and 11 articles that met the eligibility criteria of
the study were selected for further review. Figure 1 shows
the results of investigating the articles.

In 11 reviewed studies aiming to identify the infectious
agents after BMT performed in Iran, the study by Saderi et
al. compared adenovirus secretion in the urine of patients
receiving bone marrow before and after transplantation in
2005 in Tehran, Iran. In the mentioned study, 91 patients re-
ceived sample BMT, and two urine samples were obtained
from 72 patients before and four weeks after transplanta-
tion. Adenovirus DNA was detected in the urine samples
of 39 patients (54.2%) before transplantation, as well as the
samples of 37 patients (51.4%) four weeks after transplan-
tation. According to the findings, both urine samples (be-
fore and after transplantation) were negative in 21 patients
and positive in 25 patients, whereas only the sample before
the transplantation (14 patients) and only the sample after
transplantation (12 patients) were positive. This investiga-
tion showed no increase in adenovirus infection in the pa-
tients receiving BMT. Furthermore, no correlation was ob-
served between individual variables and the prevalence of
adenovirus in the urine samples (17). In another study, Shi-
razi et al. investigated bacterial infections in BMT recipi-
entsin Tehran (Iran)in 2007, reporting that bacterial infec-
tions (especially infection with gram-positive cocci) were
still a major issue associated with BMT (18).

The study conducted by Bagheri aimed to identify the
infection of DNA viruses and failure in BMT in the south
of Iran, and the obtained results indicated the role of
pathogenic viral infections in BMT failure in the patients
(19). In Shiraz (Iran), the study by Badiee and Alborzi aimed
to identify Aspergillus species in patients undergoing BMT.
Out of 993 blood samples collected from 82 BMT candi-
dates, 94 were positive DNA samples. Moreover, the men-
tioned study indicated that Aspergillus infections could be
identified in the blood samples of the BMT candidates us-
ing polymerase chain reaction (PCR). Early diagnosis of As-
pergillus infections by PCR could also decrease patient mor-
tality and reduce the treatment costs of hospitals (20). In
another study, Koukhaei et al. assessed the level of the BK
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Figure 1. Results of article reviews

virus in the urine of patients undergoing BMT and eval-
uated its effects on the diagnosis of hemorrhagic cystitis
(HC). Although no significant correlation was reported be-
tween the high ratio of the virus and the C — G mutation, a
higher copy (number) ratio than uL 104 indicated the risk
of HC (21).

In the study conducted by Ghiasian and Kord-Bachae in
Tehran, opportunistic fungal infections were investigated
in patients with blood malignancies and bone marrow
transplant recipients. During one year, the researchers ex-
amined 32 bone marrow transplant recipients who were
hospitalized in Dr. Shariati Hospital in Tehran and had var-
ious blood disorders. During the study, nine transplant
recipients showed suspected clinical signs of fungal in-
fections (once or twice), and 15 patients developed fun-
gal infections. In a direct experiment and culture, various
Candida species were also isolated in 10 patients (66.7%),
Geotrichum candidum was detected in one case (6.7%), Cryp-
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tococcus albidus was identified in one case, and three un-
known yeast species were also detected. All the patients
(except two cases) responded to antifungal treatments. In
addition, nine cases of the colonization of fungal agents
were observed, six of which were observed before BMT, and
three cases were reported after the operation. In the men-
tioned study, the patients received treatment with ampho-
tericin B and nystatin (22).

A comparative study by Hashemi and Shouhani mea-
sured the saprophytic fungi found in the space and equip-
ment of blood and oncology research centers and the clin-
ical specimens of transplant recipients in Dr. Shariati Hos-
pital in Tehran. Despite using preventive tools, the pa-
tients contracted saprophytic fungal infections from the
hospital environment (23). In a similar study conducted
by Khandan et al. in Tehran, the frequency of the cy-
tomegalovirus (CMV) antigen was evaluated in the periph-
eral blood leukocytes of bone marrow transplant recipi-
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ents. Among 145 patients undergoing BMT for various rea-
sons at different ages, 60 cases had a positive antigen for
PP65 (41.4%), out of which 37 cases were male and 23 were
female. In those receiving an autologous transplant (15.4%)
and in those receiving an allogeneic transplant, the fre-
quency of the antigen was estimated at 47%, indicating the
increased ratio of the CMV antigen in the recipients of an
allogeneic transplant (24).

In a retrospective study carried out in Tehran by Safayi
et al,, the researchers investigated infections in patients
with acute myeloid leukemia receiving allogeneic BMT, re-
porting that out of 49 patients, only one case of fever for
seven days was observed after receiving the BMT. In the
mentioned study, the rate of sepsis was estimated at 6.1%.
No fungal infections were observed in the patients, and
lungs were the most common site of infection (70%). In
addition, the CMV antigen ratio was determined to be 20%
during the two-year period after the transplantation. The
CMV antigen ratio reported in the mentioned study (20%)
was lower than other similar studies (51%), which could be
owing to suitable organ donors and recipients and the di-
minished need for immunosuppressants (25).

In a descriptive, cross-sectional study conducted by
Tousi et al., the microbial and neutropenic diet of patients
undergoing BMT was evaluated in Mashhad (Iran) in 2018.
In the mentioned study, the total counts of bacteria and
coliforms were determined, including yeasts and bacteria
such as Bacillus cereus. Coliforms were also isolated from
the samples with a low count, and no contamination was
detected in these samples. As a result, the neutropenic diet
used for these patients was fully compliant with the stan-
dards of the FDA and the Ministry of Health in terms of
foodstuff decomposition (26).

The research performed by Mohammadi et al. aimed to
investigate the prevalence of viral infections in BMT can-
didates in Shiraz (Iran). Among 27 patients, hepatitis B
and parvovirus B19 viruses were detected in nine (33%) and
seven cases (26%), respectively. In addition, hepatitis C and
G viruses were observed in three patients (11%), while the
BK virus was detected in none of the cases. The mentioned
study indicated the high prevalence of hepatitis B virus
and parvovirus B19 in patients with bone marrow suppres-
sion, which highlights the importance of these viral infec-
tions in these patients (27).

4. Discussion

Among 11 reviewed studies regarding the frequency of
infectious agents after BMT, six studies were conducted in
Tehran, three were conducted in Shiraz, and two studies
were performed in Mashhad and Semnan provinces sepa-
rately. Most of these studies aimed to identify viral agents

and reported the frequency of 54.5% (six cases), while
the prevalence of fungal and bacterial infections was esti-
mated at 27.3% (three cases) and 18.2% (two cases), respec-
tively. In the study conducted by Shirazi et al. in Tehran,
52blood samples and 25 catheter specimens were obtained
from 23 BMT candidates with the mean age of 28 years (60%
males). In total, 12 bacterial isolates were collected, in-
cluding eight staphylococcus specimens (66.7%), two Pseu-
domonas aeruginosa specimens (16.7%), one streptococcus
specimen (8.3%), and one Staphylococcus aureus specimen
(8.3%). The mentioned study indicated that gram-positive
bacteria were the agent of more than 75% of the infections
in the patients (18).

In a similar study performed in Spain, gram-positive
bacteria were detected in 85% of the cases (staphylococci
and streptococci) as the most prevalent bacteria causing
infection in BMT candidates (28). In the study by Safayi
et al., none of the transplant recipients were infected
with pulmonary tuberculosis, and only one of the pa-
tients had pulmonary tuberculosis before transplantation,
which was treated completely (25).

In various studies, the prevalence of viral infections in
BMT recipients has been reported to be 8 - 10% (29, 30).
Based on several clinical and laboratory findings, some vi-
ral infections have been associated with the pathophysiol-
ogy of the early temporal bone suppression. In the study
by Mohammadi et al., the prevalence of viral infections
was evaluated in BMT candidates in Shiraz province (Iran).
Among 27 investigated patients, hepatitis Band parvovirus
B19 viruses were detected in nine cases (33%) and seven
cases (26%), respectively. Hepatitis C and G viruses were
also observed in three patients (11%), while the BK virus was
identified in none of the cases (27).

CMV could inhibit the hematopoietic process by target-
ing the functional segments of the bone marrow, thereby
leading to infections and the disruption of BMT. Deficien-
cies in bone marrow stromal function in the early stages
halt the process of hematopoiesis and lead to bone mar-
row aplasia (31). CMV may also alter the function of lat-
eral cells, thereby reducing the production of hematopoi-
etic factors or changing the expression of the adhesion
molecules of the cell surface and causing infection in pri-
mary hematopoietic cells (32). In another study, 145 pa-
tients were examined after BMT, and 60 cases (41.4%) of
CMV were identified in 37 male and 23 female patients. In
those who had received an autologous transplant (15.4%)
and an allogeneic transplant, the frequency of CMV was es-
timated at 47%, indicating the increased ratio of CMVin the
recipients of an allogeneic transplant (24). On the other
hand, Safayi et al. reported the lower prevalence of CMV in-
fection in BMT candidates (20%) (25). In a study conducted
in Brazil, the prevalence of CMV in BMT candidates was re-
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ported to be 51% (33). This discrepancy could be due to the
complete compatibility of the transplant donors and re-
cipients, which reduces the need for immunosuppressive
treatment.

In another study performed in Iran, CMV was not iden-
tified in the samples of BMT candidates (19). In the study
by Bagheri, 27 plasma samples were collected during two
years, and herpesvirus type 6 and 8 and TT virus 3 (11.1%)
were detected in two cases (7.4%) and one patient (3.7%), re-
spectively (19). In other countries, herpesvirus type 6 has
also been isolated from the infections of BMT candidates
(34). Therefore, screening of the patients and donors be-
fore transplantation and determining the DNA count of
human herpesvirus after transplantation are essential to
interpreting human viremia as a major cause of BMT fail-
ure (35).

Fungal infections are common infections in BMT recip-
ients. The rate of fungal infections at various BMT centers
has been reported to be 4 - 30% in previous studies (36). In
the studies conducted in Asian countries such as India and
Israel, a higher prevalence rate (19%) has also been reported
(37). The emergence ratio of invasive aspergillosis has also
been estimated at7.3-27% invarious studies (38). Ina study
conducted in Shiraz (Iran) in 2010, 993 blood samples were
collected from BMT recipients, and 94 cases of fungal in-
fections with Aspergillus species were reported (20). In the
study by Badiee and Alborzi the prevalence of invasive as-
pergillosis was reported to be 15.8%, and the infection was
observed to be concurrent with CMV and Aspergillus infec-
tions in five patients (20).

Hashemi and Shouhani also isolated two cases of As-
pergillus flavus and one case of Trichoderma in three cases
of rinsing the nasal sinuses from among 50 clinical spec-
imens of BMT candidates suspected of fungal infections
(23). In the study by Ghiasian and Kord-Bachae, 32 trans-
plant recipients were investigated, and 15 cases of fungal
infections were identified. The most frequently isolated
fungal agents in the previous studies in this regard include
Candida in 10 cases (66.7%), Geotrichum candidum and Cryp-
tococcus albidus each in one case (6.7%) (22). In a study con-
ducted in China in 2015, invasive fungal infections were
evaluated in allogeneic BMT recipients, and the highest
frequency of fungal agents belonged to Candida species
(54.35%), followed by yeasts. Among yeasts, the highest fre-
quency was attributed to Aspergillus (74.19%) in the men-
tioned study (39).

4.1. Conclusions

Although no comprehensive studies have investigated
the prevalence of various infections in BMT recipients in
Iran, a review of the literature in this regard indicated that
among bacterial isolates, gram-positive bacteria were the
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most prevalent cause of infection in these patients. Among
viral infectious agents in BMT recipients, CMV had the
highest frequency. Among fungi, Candida and Aspergillus
were the most frequent causes of fungal infections in BMT
recipients, which is similar to the foreign studies in this re-
gard. Therefore, it could be concluded that microbial in-
fections are still a major concern in the BMT process. Due
to the incidence of various disorders in the transplanta-
tion process and the postoperative phase and the risk of
BMT failure, neutropenic patients and the recipients of im-
munosuppressants must be carefully monitored to iden-
tify the signs and symptoms of microbial infections using
appropriate laboratory methods. As a result, the survival
rate of these patients would increase, and treatment costs
and the length of hospital stay would decrease.
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