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1  |  INTRODUC TION

Infectious complications are a significant cause of morbidity and mor-
tality among allogeneic hematopoietic cell transplant (allotransplant) 
recipients. The main predisposing factors include pre-transplant 
conditioning regimen causing neutropenia, hypogammaglobulin-
emia, lymphopenia, and mucosal barrier injury1,2 and graft-versus-
host disease (GvHD) requiring immunosuppressive treatment which 
subsequently deepens and prolongs already impaired cellular and 
humoral immunity.3

Three phases of immune reconstitution with a specific pattern 
of infectious complications are generally accepted in the post-trans-
plantation period (Figure 1):

1. Early pre-engraftment phase lasting approximately 2–4 weeks 
/ 30 days after stem cell infusion;

2. Early post-engraftment phase involving period from the engraft-
ment till 3 months / 100 days after allotransplantation;

3. Late phase extending beyond day + 100 after allotransplantion.4–6

The main risk factors in the early pre-engraftment phase are 
neutropenia, mucosal barrier injury caused by conditioning regi-
men, and intravenous access devices.7 During this phase, the gen-
eral approach is similar to the management of febrile neutropenia, 
which is common during the therapy of cancer and hematological 
malignancies. Bacterial pathogens prevail over fungal and viral,8 and 
gram-positive infections generally dominate gram-negatives.7,9,10

During the early post-engraftment phase, infectious risk is mainly 
attributed to the development of GvHD and catheter-related blood-
stream infections. The main causative pathogens of this phase in-
clude adenovirus, BK virus, respiratory viruses, Pneumocystis jirovecii 
(PJP), Candida spp, Aspergillus spp, and intestinal tract bacteria.4,8
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Abstract
Allogeneic	hematopoietic	cell	 transplantation	 is	a	complex	procedure	that	carries	a	
significant risk of complications. Infections are among the most common of them. 
Several direct factors such as neutropenia, hypogammaglobulinemia, lymphopenia, 
mucosal barrier injury, and graft-versus-host disease have been shown to be associ-
ated	with	 increased	infectious	risk	post-transplant.	Apart	from	direct	factors,	there	
are also indirect transplant-related factors that are the primary trigger to the form-
ers' development. The most important of them are type of preparative regimen, graft 
source, donor type, graft-versus-host disease prophylaxis, and graft manipulation 
techniques. In this review, an attempt has been made to summarize the role of the 
transplant-related factors in the development of infectious complications and provide 
evidence underlying the current concept of infectious disease prophylaxis in patients 
after allogeneic hematopoietic cell transplantation.
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In the late phase, risk factors for infectious complications are 
mainly associated with immunosuppressive therapy of chronic 
GvHD and incomplete restoration of cellular and humoral immu-
nity. Encapsulated bacterial and invasive fungal infections, as well 
as EBV-related post-transplant lymphoproliferations and CMV re-
activation, are among the most prevalent infectious complications 
during this phase.11 If otherwise not contraindicated after cessa-
tion of immunosuppressants allotransplant recipients are gener-
ally offered vaccination according to the national immunization 
record card.

2  |  TR ANSPL ANT-REL ATED FAC TORS 
A SSOCIATED WITH A HIGHER RISK OF 
INFEC TIOUS COMPLIC ATIONS AF TER 
ALLOTR ANSPL ANTATION

In addition to the direct factors, such as neutropenia, cellular and 
humoral immune deficiency, and mucosal injury, predisposing to 
the development of infections in the post-transplant period, there 
are also indirect transplant-related factors which are the primary 
trigger to the development of the formers. The most important 

F I G U R E  1 Immune	reconstitution	phases	after	allotransplant	and	the	most	common	infectious	pathogens

TA B L E  1 Transplant-related	factors	and	their	impact	on	the	infectious	risk	after	allotransplant

Risk factor Associated infectious risk

Preparative	regimen Myeloablative conditioning is associated with increased risk of bacterial infections, whereas reduced-intensity 
conditioning—with an increased incidence of viral infections.

Graft source • Bone marrow transplantation is linked to increased incidence of bacterial infections;
•	 No	difference	in	the	incidence	of	viral	and	fungal	infections	between	bone	marrow	and	peripheral	blood	stem	cell	

transplantations;
• Umbilical cord blood transplantation is associated with a higher risk of infectious complications and Human 

herpesvirus 6 reactivation.

Donor type • Infectious risk increases in the following order: matched-related donor > matched unrelated donor > mismatched 
unrelated donor or haploidentical donor.

GvHD prophylaxis •	 No	difference	in	the	incidence	of	infectious	complications	between	ATG,	PTCy,	and	alemtuzumab;
• Ex vivo graft manipulation strategies seem to be associated with a higher rate of infection-related mortality (more 

comparative studies needed for confirmation).
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of them are the type of preparative regimen—more aggressive 
conditioning regimens lead to more severe mucosal injury and 
prolong neutropenia, graft source—granulocyte colony-stimulat-
ing factor–mobilized peripheral blood stem cells are associated 
with faster engraftment but a higher risk of chronic GvHD, donor 
type—grafts from mismatched and unrelated donors are associ-
ated with delayed B- and T-cell reconstitution, GvHD prophy-
laxis—antithymocyte	 immunoglobulin	 (ATG),	post-transplantation	
cyclophosphamide	(PTCy),	alemtuzumab	may	have	a	different	im-
pact on infectious risk due to different pattern of immune recon-
stitution, graft manipulation—ex vivo T-cell depletion and CD34+ 
selection strategies are associated with increased risk of graft fail-
ure. The impact of these factors is summarized in Table 1 and will 
be discussed further in detail.

2.1  |  Preparative regimen

The pre-transplant conditioning regimen plays a crucial role in the 
pathogenesis of critical factors, such as neutropenia, mucosal bar-
rier injury, associated with increased risk of infectious complica-
tions. Several studies have demonstrated a lower rate of infectious 
episodes with the use of RIC regimens.12,13 However, these observa-
tions were not confirmed in the pediatric transplantation setting.14 
The large retrospective analysis of the Center for International Blood 
and	Marrow	Transplant	Research,	which	included	1775	subjects	with	
acute myeloid leukemia, who had undergone allotransplantation in 
the first complete remission, found that myeloablative conditioning 
regimens were associated with an increased incidence of bacterial 
infections during the first 100 days post-transplant (46% vs. 37%; 
P = .0004). However, the incidence of viral infections and mainly 
CMV-viremia was higher in the reduced intensity/non-myeloablative 
conditioning group (34% vs. 39%; P = .046). Infection density and 
overall infection rate were also higher in the myeloablative group.15

In the European Bone Marrow Transplantation registry study, 
the use of total body irradiation in the pre-transplant myeloablative 
conditioning regimen for subjects with acute lymphoblastic leuke-
mia, in addition to improved relapse-free survival compared to the 
chemotherapeutic myeloablative conditioning, was accompanied 
by lower rates of non-relapse mortality, and similar rates of infec-
tion-related mortality.16

2.2  |  Graft source

The graft source may also play a role in the development of infec-
tions post-transplant. Due to the higher probability of chronic 
GvHD with peripheral blood stem cells used, there is a tendency for 
a higher incidence of late fungal and viral infections compared to 
bone marrow transplantation.17 Cochrane Database meta-analysis 
confirmed a higher rate of chronic GvHD in peripheral blood stem 
cell transplantation. However, these results did not translate in a sta-
tistically significant difference in the overall survival or non-relapse 

mortality.18	 Another	 prospective	 randomized	 trial	 demonstrated	 a	
higher incidence of infections during the first 30 days after bone 
marrow transplantation compared with hematopoietic stem cell 
transplantation (47.9% vs. 32.8%; P = .002), that could be related 
to quicker neutrophil engraftment following latter, or possibly to a 
higher probability of graft failure following former. Moreover, bac-
terial infections during the first 2 years post-transplant were more 
common in the bone marrow transplantation group (84.7% vs. 
79.7%; P = .013) with a trend of higher incidence of bloodstream bac-
terial	infections	in	the	first	100	days	(44.8%	vs.	35.0%;	P = .092).19 
The most prevalent pathogens among gram-positive bacteria in the 
descending order were as follows: coagulase-negative staphylo-
cocci, Clostridium difficile, Staphylococcus aureus, and enterococci; 
among gram-negatives—Escherichia coli, Klebsiella spp, Pseudomonas 
spp, Enterobacter spp, and Stenotrophomonas	spp.	Another	important	
finding of this study is a similar rate of viral and fungal infections dur-
ing the first 2 years post-transplant between both graft types that 
proves the lack of impact of peripheral blood stem cells on infectious 
risk	linked	to	chronic	GvHD.	Another	study,	despite	showing	signifi-
cantly higher mortality rate attributed to chronic GvHD following 
peripheral blood stem cell transplantations (21% vs. 10%; P = .002; 
P-rate for the overall comparison of causes of death), failed to dem-
onstrate differences in infection-related mortality between periph-
eral blood stem cell or bone marrow transplantations in unrelated 
donor setting.20

The study held by the Spanish group showed umbilical cord blood 
transplantations to be associated with a higher rate of infectious 
complications during the first 100 days after transplant compared 
to	bone	marrow	or	peripheral	blood	stem	cell	transplantations	(85%	
vs. 69%; P = .01). However, no statistically significant difference in 
infection-related mortality and the incidence of infections during 
the first 3 years post-transplant could be determined between the 
groups.21 In addition, cord blood transplantations have been shown 
to be associated with a higher incidence of Human herpesvirus 6 
reactivation that can be attributed to the specific immune reconsti-
tution pattern following this type of transplantations.22

2.3  |  Donor type

The impact of the donor type on the infectious risk post-transplant 
is controversial. In a single-center study, the incidence of late in-
fections	 beyond	 day	 50	 after	 allotransplantation	was	 significantly	
higher in matched unrelated transplantations compared to related 
(84.7% vs. 68.2%; P = .009), that translated in a significantly lower 
non-relapse survival rate (34.4% vs. 49.9%; P = .004).23 These re-
sults, however, were not confirmed in further studies.24 In a large 
Center for International Blood and Marrow Transplant Research 
analysis, which included 2223 subjects with acute myeloid leukemia 
after allotransplantation, similar overall survival rates were observed 
between matched related and unrelated transplantations. In con-
trast, 6-month overall survival was significantly lower in mismatched 
transplantation	group	(HR	=	1.40;	95%	CI	1.15–1.70;	P < .001), and 
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there was a trend of higher infection-related mortality from matched 
related to matched unrelated and mismatch unrelated transplanta-
tions: 10%, 14%, and 20% respectively.25

Allogeneic	hematopoietic	cell	transplantation	from	haploidenti-
cal donor despite the benefit of quick and almost universal donor 
availability is also associated with higher infectious risk. In a retro-
spective single-center study including 187 subjects, who underwent 
allotransplantation	 with	 PTCy,	 100-day	 and	 1-year	 infection-re-
lated mortality were significantly higher in haploidentical group 
compared to matched related and unrelated group (8.9% vs. 1.4%; 
P	=	 .03	и	15.9%	vs.	3.8%;	P	=	 .01,	respectively).	No	significant	dif-
ference could be detected in bacterial or fungal infections rates 
between the groups; however, a trend of higher incidence of bacte-
remia	(20.5%	vs.	9.2%;	P = .06) and urinary tract infections (18.2% 
vs.	8.5%;	P = .09) was observed in the haploidentical group. CMV-
infections, BK virus-associated hemorrhagic cystitis, and BK-viremia 
were	also	significantly	higher	in	the	haploidentical	cohort	(59.1%	vs.	
23.8%; P = .01; 40.9% vs. 8.4%; P	=	.01;	and	15.9%	vs.	0.8%;	P = .01 
respectively).26

2.4  |  GvHD prophylaxis

GvHD	prophylaxis	strategies	such	as	in	vivo	T-cell	depletion	with	ATG,	
PTCy,	or	 alemtuzumab	and	ex	vivo	graft	manipulation	 techniques,	
such as CD34 positive selection and T- and/or B-cell depletion, are 
also considered among the most important transplant-related fac-
tors determining the risk of infectious complications. There is a 
distinct pattern of immune reconstitution after allotransplantation 
using	ATG	or	PTCy	as	GvHD	prophylaxis27; however, these differ-
ences in reconstitution profiles do not seem to translate in the in-
fectious risk discrepancy. For instance, two large European Bone 
Marrow Transplantation Society analyses could detect no difference 
in the incidence of infectious complications following allotransplan-
tation	 using	 either	 PTCy	 or	 ATG	 in	 haploidentical	 or	 mismatched	
unrelated transplantations.28,29	 Anti-CD52	 monoclonal	 antibody	
alemtuzumab used as a GvHD prophylaxis in transplant setting for 
aplastic anemia demonstrated similar overall survival and infection-
related	mortality	rates	compared	to	ATG	(42.6%	vs.	47.6%;	P = .131; 
P-rate for all causes of death).30

Ex vivo graft manipulation is a promising technology for the 
prevention of GvHD without compromising the disease control. 
However, transplant-related mortality (mostly infection-related) 
could achieve up to 36%–40% with CD34 positive selection,31,32 
20%–30% with CD3/CD19 depletion,33,34 and 0%–20% or up to 
39% in the elderly group when using TCRab/CD19 depletion tech-
nique.35-38 Several studies comparing different types of in vivo and 
ex vivo T-cell depletion strategies have already been published. In 
the study conducted by the European Bone Marrow Transplantation 
Society and Memorial Sloan Kettering Cancer Center, no statisti-
cally significant difference in relapse-free or overall survival could 
be	 detected	 after	 allotransplantation	 from	 HLA-identical	 donors	
in first complete remission of acute myeloid leukemia using either 

CD34	 positive	 selection	 or	 ATG	 as	 GvHD	 prophylaxis.	 However,	
infection-related mortality was significantly higher in the ex vivo 
graft manipulation group (31% vs. 17%; P = .04).39	Another	study	re-
vealed a trend of higher incidence of infectious episodes after hap-
loidentical	transplantations	using	CD34	positive	selection	and	ATG	
compared	to	PTCy	 (146	vs.	91;	P = .06) with the most remarkable 
difference	in	viral	(56.2%	vs.	54.9%;	P	=	.035)	and	fungal	infections	
(8.2% vs. 3.3%; P = .008).40

3  |  ANTIBAC TERIAL PROPHYL A XIS

There are two main sources of bacterial infections during the early 
pre-engraftment phase: gut microflora responsible for gram-negative 
infections, and indwelling intravenous access devices responsible 
mostly	 for	gram-positive	 infections.	Antibacterial	prophylaxis,	oral	
hygiene, neutropenic diet, and gut decontamination decrease the 
infections rate and chemotherapy-induced febrile episodes.2,41-43

Fluoroquinolones due to lower incidence of gram-negative bac-
teremia and acceptable safety profile are currently the most widely 
used antibiotics for prophylaxis during neutropenia.41,44 In addi-
tion, fluoroquinolone prophylaxis has been shown to reduce the 
frequency of neutropenic fevers and infection-related mortality 
in cytotoxic therapy-related neutropenic patients,45 as well as the 
relative risk of death in patients after allotransplantion.46	Although	
recent meta-analysis done by European Conference on Infections in 
Leukemia (ECIL) could not demonstrate overall survival benefit, it 
revealed decreased incidence of bloodstream infections and febrile 
neutropenia episodes with fluoroquinolone prophylaxis in patients 
with hematological malignancies.47 Finally, the most recent system-
atic review could not reveal overall survival benefit either but could 
detect a reduced rate of bacteremia and infection-related mortality 
with fluoroquinolone prophylaxis in patients with cancer and he-
matopoietic	cell	 transplantation.	No	significant	difference	was	ob-
served in the rate of Clostridium difficile infections and other adverse 
events compared with placebo or non-absorbable antibiotics.48 
Alongside	this	evidence,	the	joint	guidelines	of	the	American	Society	
of	Clinical	Oncology	and	 Infectious	Diseases	Society	of	America49 
and	National	Comprehensive	Cancer	Network	guidelines50 currently 
recommend fluoroquinolone prophylaxis for high-risk patients who 
are expected to have profound, protracted neutropenia.

Nevertheless,	the	main	problem	with	the	use	of	fluoroquinolone	
prophylaxis	is	the	development	of	resistant	bacteria.	A	single-center	
study demonstrated that 10% of all subjects who received levoflox-
acin prophylaxis during autologous or allogeneic hematopoietic cell 
transplantation had extended-spectrum beta-lactamase (ESBL)—
producing Enterobacteriaceae in rectal swabs and 32% of them 
subsequently developed breakthrough levofloxacin-resistant bacte-
remia post-transplant compared to 0.4% subjects not colonized with 
ESBL Enterobacteriaceae (P	=	.01).	All	bloodstream	ESBL	producing	
Enterobacteriaceae were levofloxacin-resistant and had identical 
genotypic profiles with gut colonizing species.51 Levofloxacin pro-
phylaxis may have led to the selection of resistant bacteria resulting 
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in a subsequent breakthrough bloodstream infections observed in 
this study. Indirect evidence of that is the fact that ciprofloxacin may 
impair gut microbiota diversity,52 that could potentially impact trans-
plant outcomes. For instance, gut microbiome diversity determined 
by	bacterial	16S	rRNA	sequencing	has	been	shown	to	directly	impact	
overall survival of allotransplant recipients: 36% for low, 60% for in-
termediate, and 67% for high diversity groups (P = .019).53	Although	
no effect of ciprofloxacin (in contrast to vancomycin, metronidazole, 
and β-lactam antibiotics) on intestinal diversity was detected in this 
work, further studies are needed to make definitive conclusions.

Due to increasing emergence of fluoroquinolone-resistant organ-
isms, several attempts have been made to discover new prophylactic 
strategies in patients with hematological malignancies and allotrans-
plant recipients. Third-generation oral cephalosporin cefpodoxime as 
an alternative to fluoroquinolone-based approach has recently demon-
strated similar rates of neutropenic fever and antibiotic prophylaxis 
failure compared to levofloxacin in a single-center retrospective study. 
Moreover, there was a similar rate of C difficile and multi-drug resis-
tant infections and 100-day survival among both groups.54	Although	
the higher rate of infections caused by Pseudomonas aeruginosa was 
detected in cefpodoxime group, this finding was not observed in an-
other study of cefpodoxime or cefdinir versus levofloxacin prophylaxis 
in patients with myelodysplastic syndromes.55 Despite these promis-
ing results, cephalosporin prophylaxis did not reduce infection-related 
mortality in patients with cancer and allotransplant recipients in a re-
cent systematic review.48

4  |  ANTIFUNGAL PROPHYL A XIS

The majority of fungal infections tend to develop in the early post-
engraftment and late phase that could be attributed to GvHD and im-
munosuppressive treatment. During this period, the most common 
yeast fungal infections are due to Candida spp, whereas Aspergillus 
spp prevail among molds.56 Contamination pattern also differs: while 
the development of yeast fungal infections is associated with intra-
venous access devices and gut mucosal injury, aspiration of airborne 
spores is the main route of molds penetration.8 For this reason, the 
installation	of	High-Efficiency	Particulate	Air	filters	in	bone	marrow	
transplantation departments is crucial. The incidence of invasive 
fungal infections after hematopoietic cell transplantation, according 
to	a	multicenter	study	 in	 the	USA	 involving	23	centers,	was	3.4%,	
and the frequency of fungal infections after autologous cell trans-
plantation was significantly lower than after allotransplantation with 
the most common infections in the entire cohort being invasive as-
pergillosis (43%), invasive candidiasis (28%), and zygomycosis (8%).56

4.1  |  Antifungal prophylaxis during pre-
engraftment phase

Currently, fluconazole is recommended for the antifungal prophy-
laxis in the early pre-engraftment phase post-transplant by most 

guidelines.49,57 However, ECIL recommends fluconazole prophylaxis 
only for transplant centers with a low incidence of mold infections 
(below	5%)	and	only	when	combined	with	mold-directed	diagnostic	
approach (either antigen or computer tomography scan based), or a 
mold-directed empirical therapy approach.57 In a randomized pro-
spective placebo-controlled trial prolonged overall survival as well as 
reduced incidence of invasive fungal infections and gut GvHD were 
observed in subjects receiving fluconazole as antifungal prophylaxis 
after allotransplantion.58

Voriconazole, another azole antifungal, got previously provisional 
recommendation by ECIL-3 for antifungal prophylaxis in allotrans-
plant recipients; however, a multicenter prospective randomized trial 
of voriconazole versus fluconazole prophylaxis did not meet its pri-
mary	endpoint—180-day	fungal-free	survival	(75%	vs.	78%;	P = .49). 
Nevertheless,	trends	of	reduced	incidence	of	fungal	infections	(7.3%	
vs. 11.2%; P = .12), invasive aspergillosis (9 vs. 17; P = .09), and em-
pirical antifungal therapy (24.1% vs. 30.2%, P = .11) were detected 
in the voriconazole arm.59	Another	prospective	randomized	trial	of	
voriconazole versus itraconazole prophylaxis in allotransplant recip-
ients demonstrated a statistically significant difference in the com-
posite primary endpoint—the success of prophylaxis, defined as the 
ability to tolerate study drug for at least 100 days, with survival with-
out proven/probable invasive fungal infection to day 180 favoring 
voriconazole arm. The success of prophylaxis, as well as a number of 
subjects, tolerated prophylaxis for 100 days was significantly higher 
with voriconazole (48.7% vs. 33.2%; P	=	.01;	and	53.6%	vs.	39.0%;	
median total duration 96 vs. 68 days; P = .01, respectively) compared 
to itraconazole. However, no difference could be detected in the in-
cidence of invasive fungal infections and 6-months overall survival 
between the groups (1.3% vs. 2.1%; P	=	 .54	and	81.9%	vs.	80.9%;	
P = .17, respectively).60

Due to the lack of sufficient data of posaconazole prophylaxis in 
allotransplant recipients during pre-engraftment phase, no definitive 
conclusions can be made to date regarding its use. In addition, in a 
small prospective randomized trial oral posaconazole was not supe-
rior to amphotericin B lipid complex in regards to incidence of inva-
sive	fungal	infections	in	allotransplant	recipients	(5%	vs.	0%;	P = .48); 
however, nephrotoxicity was a major concern with amphotericin use 
(53%	 vs.	 5%;	P = .001).61 In another randomized multicenter trial 
posaconazole has been shown to reduce invasive fungal infection 
rate compared to fluconazole or itraconazole in patients with acute 
myeloid leukemia or myelodysplastic syndromes receiving induction 
therapy (8% vs. 2%; P = .001).62 Clinical trial comparing antifungal 
prophylaxis with posaconazole and itraconazole in allotransplant re-
cipients	is	currently	actively	enrolling	subjects	(NCT03631602).

There is also a lack of sufficient data of echinocandin prophy-
laxis in allotransplant recipients. Despite significant shortcomings 
such as no formulation available other than intravenous, echino-
candins demonstrate better safety profile and lower number of 
potential drug interactions compared to azole family antifungals. 
Although	preliminary	results	of	 the	prospective	randomized	trial	
have	 revealed	 superiority	 of	 micafungin	 50	 mg	 OD	 over	 flu-
conazole 400 mg OD as prophylaxis in hematopoietic stem cell 



6 of 10  |     AKHMEDOV

transplantation recipients,63 further analysis revealed several 
shortcomings of this study and namely inadequate follow-up pe-
riod and predominance of patients with a lower risk of invasive 
fungal infections development (autologous stem cell transplant re-
cipients) causing potentially unreliable interpretation of the study 
results in allogeneic setting.64	 Another	 prospective	 randomized	
trial by the Japanese group was not able to demonstrate the supe-
riority	of	micafungin	150	mg	OD	over	micafungin	400	mg	OD	as	
antifungal	 prophylaxis	 in	 allotransplant	 recipients.	Nevertheless,	
the rate of empirical antifungal therapy for breakthrough infec-
tions was higher in the fluconazole group (4% vs. 12%; P = .06).65 
In patients undergoing induction therapy for acute myeloid leu-
kemia or myelodysplastic syndromes, micafungin 100 mg OD was 
superior to posaconazole 800 mg/daily in terms of prophylaxis 
failure defined as premature discontinuation due to infection, in-
tolerance,	adverse	event,	or	death	 (34.5%	vs.	52.7%;	P = .0118). 
Whereas micafungin prophylaxis failures were mostly due to 
antifungal treatment, posaconazole failures were largely linked 
to adverse events or gastrointestinal intolerance.66 In summary, 
micafungin is currently recommended as antifungal prophylaxis in 
allotransplant recipients in transplantation centers with a low inci-
dence of mold infections.57

4.2  |  Antifungal prophylaxis during post-
engraftment phase

As	 mentioned	 earlier,	 the	 main	 predisposing	 factor	 for	 fungal	 in-
fections post-transplant is immunosuppressive therapy of GvHD. 
Posaconazole	 is	currently	recommended	by	most	of	the	guidelines	
for antifungal prophylaxis during this period.57,67 These recom-
mendations are based on the results of the randomized control trial 
which demonstrated a trend of lower incidence of invasive fungal 
infections	 (5.3%	 vs.	 9.0%;	 P = .07), as well as lower incidence of 
proven/probable	invasive	aspergillosis	(2.3%	vs.	7.0%;	OR	0.31;	95%	
CI,	0.13–0.75;	P = .006) and breakthrough fungal infections (2.4% vs. 
7.6%, P = .004) with 112 days posaconazole prophylaxis compared 
to fluconazole. In addition, rates of adverse reactions were similar 
between the groups (36% vs. 38%).68 Other mold-active azoles such 
as voriconazole and itraconazole can be used as prophylaxis during 
this period alternatively to posaconazole. For the same reason, flu-
conazole	should	be	avoided	in	the	late	post-engraftment	phase.	No	
sufficient data supporting prophylactic use of echinocandins post-
transplant currently exist.

The	median	 time	 for	PJP	pneumonia	onset	 after	 allotransplan-
tation is about nine months, and mortality rate despite treatment 
is still high achieving up to 89% in the first six months post-trans-
plant.69,70	 PJP	 prophylaxis	 in	 allotransplant	 recipients	 is	 similar	 to	
that	of	HIV/AIDS	patients	with	the	main	agents	being	trimethoprim/
sulfamethoxazole, pentamidine, and atovaquone.71,72 In clinical 
practice, prophylaxis usually starts from the time of documented 
engraftment and lasts till the rise in CD4+ lymphocyte count above 
200/μl, providing no active immunosuppressive treatment.

5  |  ANTIVIR AL PROPHYL A XIS

The main goal of antiviral prophylaxis post-transplant is the reduc-
tion	of	the	viral	reactivation	in	seropositive	recipients.	About	80%	of	
adult allotransplant recipients are Herpes Simplex types 1/2 (HSV 
1/2) seropositive, and the reactivation rate can achieve up to 80%.73 
For this reason, acyclovir or valacyclovir prophylaxis has been rec-
ommended for decades against HSV types 1/2 reactivation during 
the first 30 days.74,75	Prolongation	of	prophylaxis	 for	up	 to	1	year	
or until complete immune reconstitution allows to prevent Varicella-
zoster viral reactivation.76,77

Ideally, to prevent cytomegaloviral (CMV) reactivation, all 
CMV-seronegative recipients should be transplanted from CMV-
seronegative donors. Moreover, all brood products for these patients 
should also be obtained from seronegative donors or preliminary 
lymphodepleted. Several attempts have been made in search of 
suitable prophylaxis. However, due to impaired CMV-specific T-cell 
response and myelotoxicity with the use of ganciclovir,78 and novel 
diagnostic methods that have led to the development of equally ef-
fective pre-emptive therapy approach,79 ganciclovir, valganciclovir, 
or even foscarnet are not currently recommended for routine CMV 
prophylaxis in allotransplant recipients.

Maribavir another anti-CMV drug that inhibits the UL97 viral 
protein kinase has demonstrated promising results in the multi-
center randomized, double-blind, placebo-controlled, dose-ranging 
study—lower incidence of CMV infection compared to placebo (46%) 
was detected in each of the maribavir groups: 100 mg twice daily 
(7%; P = .001), 400 mg once daily (11%; P = .007), and 400 mg twice 
daily (19%; P	=	.038).	Anti-CMV	therapy	was	also	used	less	often	in	
subjects	receiving	each	respective	dose	of	maribavir	(15%;	P = .001; 
30%; P	 =	 .051;	 15%;	 P	 =	 .002)	 compared	 with	 placebo	 (57%).80 
However, in the intention-to-treat analysis of further placebo-con-
trolled phase 3 trial no difference was observed in the incidence of 
CMV	disease	(4%	vs.	5%;	OR	0.90;	95%	CI	0.42–1.92)	suggesting	no	
benefit of maribavir prophylaxis in allotransplant recipients.81

Finally, in 2017 results of phase 3 double-blind placebo-con-
trolled trial of letermovir (an antiviral agent that inhibits CMV 
replication by binding to components of the terminase complex) 
prophylaxis in allotransplant recipients demonstrated a significantly 
lower	incidence	of	CMV	infection	(37.5%	vs.	60.6%,	P = .001) with no 
difference in adverse events rate82 leading to subsequent approval 
by	Food	and	Drug	Administration	as	CMV	prophylaxis	 in	high-risk	
allotransplant recipients.

6  |  CONCLUSIONS

The main transplant-related factors associated with a higher infec-
tious risk are myeloablative conditioning regimens, bone marrow, 
and	 umbilical	 cord	 blood	 transplantations,	 and	 HLA-disparity.	 A	
similar rate of infectious episodes between different types of in-vivo 
T-cell depletion strategies indirectly proves the donor type's inde-
pendent role on the infectious risk. Further studies need to address 
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this problem prospectively. There is also a high necessity of com-
parative studies of ex vivo graft manipulation techniques and their 
impact on the infectious risk.

Antibacterial	prophylaxis	with	fluoroquinolones	 is	still	consid-
ered a gold standard according to major guidelines. Several short-
comings of this approach include failure to demonstrate overall 
survival benefit and emergence of resistant species. Due to contro-
versies observed to date, further studies evaluating the impact of 
fluoroquinolones on the gut microbiota diversity and subsequently 
on the transplant outcomes are needed. Despite promising results 
in single studies prophylaxis with third-generation cephalosporins 
did not reduce infection-related mortality in a meta-analysis.

Fluconazole is still a mainstay of antifungal prophylaxis in al-
lotransplant recipients in the pre-engraftment phase. Micafungin 
can be used alternatively; however, both approaches are recom-
mended for transplant centers with a low incidence of mold infec-
tions. Otherwise, or in case of known invasive fungal infection during 
induction treatment, voriconazole, itraconazole, or posaconazole 
should be preferred. Despite limited data, physicians are encouraged 
to use mold-active antifungals during the post-engraftment phase. 
Further prospective studies better defining the current state of anti-
fungal prophylaxis in allotransplant recipients are needed, including 
trials of novel drugs such as isavuconazole.

Novel	antiviral	agents	active	against	CMV	with	acceptable	safety	
profile have already demonstrated promising results in randomized 
trials as prophylaxis in allotransplant recipients. However, due to 
inability of letermovir to prevent reactivation of HSV types 1/2 or 
VZV this approach still needs dual antiviral coverage. Therefore, 
further translational studies in search of universal antiviral agents 
for prophylaxis in allotransplant recipients with reasonable toxicity 
profiles are needed.
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