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Summary
Early severe immune suppression occurs aft er cytore-
ductive cancer treatment, especially, following condi-
tioning therapy and hematopoietic stem cell transplan-
tation (HSCT). Posttransplant recovery of immune 
response proceeds slowly, in particular, for the lympho-
cyte subsets. At later terms, immunosuppressive drugs 
promote the immune defi ciency state. Th erefore, HSCT 
is associated with activation of diff erent endogenous in-
fections. In most instances, the infectious complications 
are caused by opportunistic microorganisms (bacteria, 
fungi and viruses) which normally inhabit skin, mucos-
ae etc. Th eir post-treatment proliferation and migra-
tion may occur to normally non-involved body areas 
(blood fl ow, bronchoalveolar areas, urinary pathways, 
skin dermal layers, lymph nodes, etc.). Hence, the ear-
ly posttransplant activation of latent pathogens may be 
detected in peripheral blood, cerebrospinal fl uid, bron-
choalveolar lavage, saliva, urine and other samples being 
normally protected by immune system. Th e number of 
infectious species found in the same patient also corre-
lates with higher posttransplant mortality. 

Th erefore, diagnostics of common immune defi cien-
cy markers aft er intensive cytoreductive chemotherapy 
could be combined with a search for opportunistic in-
fections at the normally non-infected sites (peripheral 
blood, saliva, urine) as well as aff ected mucosal surfaces 
(sputum, bronchial secretions, cerebrospinal fl uid). Sev-
eral validated diagnostic panels (mostly multiplex PCR) 
were developed, in order to detect and assess number of 
infectious markers (viral, fungal and bacterial) in the pa-
tient. Th ey could be applied for more specifi c evaluation 
of immune defi ciency grade.
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Introduction
Early infections caused by opportunistic microorganisms 
are quite common aft er allo-HSCT, thus requiring massive 
and expensive anti-infectious therapy. Massive cytoreduc-
tive therapy in cancer is followed by pronounced neutrope-
nia and exhaustion of most lymphoid cell populations [1]. 
Hence, a total defi ciency of immune response is evident 
since 1-2 weeks aft er conditioning therapy and HSCT. 

Th e immune failure is characterized by exhaustion of spe-
cifi c humoral factors, e.g., serum immunoglobulins, and 
decreased counts of immune subpopulations (granulocytes, 
monocytes, T- and B cell subsets, NKs). Th ese immune in-
dexes refl ect general drop and recovery of immune system 
which may continue for months and years [1]. However, 
these cellular and humoral markers alone cannot accurate-
ly predict clinical risk of local infections at epithelial and 
mucosal surfaces (pneumonia, cystitis, stomatitis et.). Th e 
most hazardous terms for development of bacterial, fungal 
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and viral infections are shown in Fig. 1. Post-transplant de-
fi ciencies of certain leukocyte populations seem to correlate 
with viral, bacterial and fungal infections [2]. Hence, the 
immune failure may, in principle, assessed via detection of 
multiple microorganisms which normally live and grow on 
skin and external mucous surfaces (i.e., oral cavity, pharynx, 
urethral ways etc). Th ese opportunistic pathogens are nor-
mally controlled by the host immune surveillance. However, 
within weeks aft er HSCT, they tend to colonize deeper sites 
and areas (e.g., respiratory ways, urogenital tract etc.) causing 
diff erent aff ections of internal organs. Hence, posttransplant 
detection of microfl ora in bloodstream and, especially, at lo-
cal infl ammation sites refl ects the degree of immune failure. 
Appropriate clinical experience was translated into numer-
ous clinical recommendations based on empiric antibiotic 
treatment during early hematopoietic recovery and febrile 
neutropenia [3-6]. However, despite routine protection of the 
post-HSCT patients by broad-spectrum antibiotics, and an-
tiviral treatment for a period of myelopoiesis reconstitution 
(up to 4 weeks), the rates of local post-transplant infections 
(e.g., pneumonia) may reach 25% of the HSCT patients [7]. 

Moreover, unusual sites of infection (typhlitis, perirectal 
infections and atypical forms of cellulitis) in neutropenic 
patients were noted decades ago [8]. About 60% of febrile 
neutropenia in early posttransplant period are classifi ed as 
fever of unknown origin without distinct infectious patho-
gen, yet most respond to antibacterial therapy. Unusual sites 
of infection include typhlitis, perirectal infections and atyp-
ical forms of cellulitis.

Later on, a number of immunosuppressive drugs are rou-
tinely used aft er allogeneic HSCT (allo-HSCT) in order to 
prevent graft -versus-host disease (GvHD). In fact, some 
immune populations, especially, adaptive immunity cells, 
may recover at several months and years post-transplant [1, 
9]. Hence, a long-term immune defi ciency aft er HSCT is a 
chronic condition predisposing for opportunistic infections, 
fungal invasions and activation of endogenous viruses. Such 
infectious markers could be registered, and the co-infection 
rates may be used for assessing the grade of immune defi -
ciency in the patient.

Figure. 1. Terms of the most common infectious complications in HSCT. [10]
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Severity and clinical signifi cance of the post-HSCT immune 
defi ciency depends on dosage and expected immunotoxic 
eff ects of drugs used in the conditioning protocol, i.e., mye-
loablative or nonmyeloablative regimen. However, individu-
al damage to the patient’s immune system is modifi ed by the 
following factors:
• Intensity and number of preceding cytoreductive treat-
ments exhausting the myelo-and lymphopoiesis system;
• Pharmacokinetics of cytotoxic drugs which strongly de-
pends on its administration route, altered liver and kidney 
functions, and genetic variants aff ecting activation or inacti-
vation of the given drug(s);
• Recipient/donor immune confl ict, i.e., partial HLA mis-
match, severe graft -versus-host disease [11].

Th erefore, personalized evaluation of selected pathogen-spe-
cifi c markers, their multiplicity and biodiversity seems to be 
an effi  cient tool for specifying degree of immune defi ciency 
observed at early and later terms post-transplant.

Hence, the aim of our review is to propose the sets (panels) 
of latent/opportunistic marker microorganisms as potential 
markers of immune defi ciency, especially, in post-transplant 
patients. A number of species- and genus-specifi c multiplex 
PCR kits, as well as some integral microbial markers could 
be used for severity evaluation of immune defi ciency when 
testing peripheral blood samples and locally infected sites.

Table 1. List of opportunistic flora activated in immunocompromised patients (combined of different studies)

Predominant location sites in immunocompetent subjects

Oral cavity/ 
oropharynx

Skin/upper airways Gut-associated Urogenital Lymph nodes, blood cells 

Streptococcus 
haemolyticus 
Staphylococcispp. 
M.avium 
M.bovis

Klebsiella pneumoniae;
Pseudomonas aeruginosa 
Acinetobacter baumanni 
Staph. Epidermidis 
Staph. hominis 
Coagulase-negative staph-
ylococci, 
Staphylococcus aureus 
Streptococcus pneumoniae, 
Streptococcus pyogenes

E.Coli 
Salmonella 
Enterobacter En-
terococcus faecalis 
Enterococcus faecium 
Stenotrophomonas 
maltophilia
Clostridium difficile
Lactobacillus spp. 
Toxoplasma gondii

Proteus mirabilis
Cor. urealytica
Mycoplasma 
hominis
Toxoplasma gondii

Bartonella spp.

Candida spp
Malassezia
Aspergillus spp
Mucor spp 
Pneumocystis jiroveci

Candida spp

Herpes simplex virus
Varicella zoster virus

Cytomegalovirus
Adenovirus

Polyomavirus: 
BK; JC

Cytomegalovirus
Epstein-Barr virus
Adenovirus
Human T lymphocyte virus 
type 1 

Incidence and sites of opportunistic infections
Th e list of opportunistic infections in immunocompromised 
patients is rather broad, however, limited by distinct micro-
bial, fungal and viral species (see Table 1).

Most bacterial species revealed in immunocompromised pa-
tients proved to be opportunistic microorganisms, i.e., those 
which are present in normal human skin or inhabit normal 
gut mucosa. Th e main prerequisites for growth and cytopath-
ic/infl ammatory eff ects of opportunistic fl ora are as follows: 
(1) Penetrating skin barrier; (2) Passing mucosal surfaces; 
(3) Remote dissemination via bloodstream to lymph nodes, 
spleen, liver, kidney, lungs; (4) Passing blood/brain barrier. 
As a result, posttransplant patients develop opportunistic 
infections of lower respiratory ways, brain, urinary tract, as 
well as deep abscesses caused by skin or intestinal microor-

ganisms. Moreover, the skin microorganisms may colonize 
catheter lumen, then proceeding into a bloodstream infec-
tion. 

Incidence of bacterial pathogens in blood
cultures from immunocompromised patients
Detection of bacterial pathogens is normally performed in 
blood cultures, now using automatic incubation/detection 
systems. Blood is normally regarded as a sterile medium. 
However, some episodes of septicemia may occur due to oc-
casional microbial contamination, e.g., major purulent sur-
gery, dental extraction etc. Fungal pathogens may be detect-
ed in blood both by beta-galactomannan immunoassay, or 
by DNA diagnostics. Viral infection/reactivation is routinely 
detected in whole blood or plasma by means of PCR.
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Blood screening for bacterial infections may be an effi  cient 
tool of infection monitoring. Blood culture done at a regu-
lar interval of at least 5 days. Studies on surveillance blood 
cultures in HSCT are routinely practicized at many centers. 
E.g., this approach was tested by for 205 patients admitted 
for auto- or allo-HSCTs [12]. Bloodstream infection was de-
tected in 14.1% of these patients, which is at lower limits of 
previously reported rates (12.5-40%). Suprisingly, none of 
the patients who developed bloodstream infection were di-
agnosed by surveillance blood cultures. Blood cultures taken 
in presence of clinical infectious symptoms were much more 
informative. Th e most common organisms isolated were co-
agulasenegative staphylococci, 41/84 (49%) in pure culture 
and an additional 10 (12%) in mixed cultures. Klebsiella spp. 
and Enterococci each accounted for 5 episodes (6%) of pos-
itive cultures; Viridans group streptococci accounted for 2 
episodes (2.4%); and the remaining 25% were caused by dif-
ferent organisms.

In some other countries, the spectrum of cultured blood-
borne bacteria is shift ed towards Gram-negative microbes, 
i.e., Pseudomonas aeruginosa, Klebsiella pneumonia, Esheri-
chia coli, Acinetobacter spp, Enterobacter spp. as reported by 
an Indian team who analyzed data from 653 pediatric cancer 
patients undergoing chemotherapy [13].

In a Belarus study, the incidence (top-10) of cultivable bacte-
rial pathogens during the early period aft er HSCT, their cul-
ture and identifi cation was assessed with BacT/ALERT-Vitec 
technique [14]. Th e following rating of microbial detection 
was obtained (Table 2), with Klebsiella pneumonia and Es-
cherichia coli. making >40% of  all clinical microbial isolates.

In immunocompromised patients, herpesviruses, fungal in-
fections, hepatitis B and C are taken into scope.

Table 2. Detection rates for different bacterial patho-
gens in blood of HSCT patients [14]

Bacterial species Absolute 
number

Percentage 
of total

Klebsiella pneumonia 34 25.2%

Escherichia coli 25 18.5%

Acinetobacter baumannii 16 11.8%

Pseudomonas aeruginosa 12 8.9%

Stenotrophomonas maltophilia 1 0.7%

Staphylococcus epidermidis 11 8.2%

Staphylococcus spp. 23 17.0%

Staphylococcus hominis 4 3.0%

Staphylococcus haemolyticus 3 2.2%

Streptococcus pneumoniae 2 1.5

Enterococcus faecium 2 1.5

Enterococcus faecalis 2 1.5

A comprehensive randomized analysis of posttransplant 
infections which occured during 2 years aft er HSCT was 
reported by Young et al. [15] being performed in the pa-
tients from USA BMT centers. A total of 499 patients were 
under study exhibiting 1347 infection episodes of severe or 
life-threatening grade documented in 384 (77%) patients. 
249 (81%) of these patients had received a BM graft  and 
183/250 (73%) had received a PBSC graft , at a cumulative 
two-year incidence of infections of 80-85%. Th e majority of 
these episodes, 810 (60%), were due to bacteria, with a two-
year cumulative incidence of 72.1% and 62.9% in BM versus 
PBSC recipients, respectively (P = .003). Th e cumulative in-
cidence of bacterial infections during the fi rst 100 days was 
44.8% for BM vs. 35.0% for PBSC (P= 0.027). Th e infection 
rates were slightly more oft en aft er BM transplantation than 
following peripheral PBSCT (Table 3).

Local microbiotes as a source of 
opportunistic flora

Skin surface
Normal skin harbors hundreds of opportunistic or commen-
sal microorganisms including bacteria, fungi and viruses that 
compose skin microbiome [16]. Th e skin cell populations 
(keratinocytes, dermal cells, fi broblast, macrophages etc.) 
release a lot of protective factors and molecules (antimicro-
bial peptides etc.), to limit excessive microbial growth and 
colonization [17]. Th erefore, survival of the microorganisms 
on the skin surface suffi  ciently depends on their ability to 
resist the host defense mechanisms [18].

Th e major fraction is represented by coagulase-negative 
staphylococci such as S.epidermidis [19, 20] as well as more 
pathogenic S.aureus [21]. Sebaceous glands are colonized 
by Propionibacterium acne [22]. Candida yeasts also colo-
nize skin surface, being, however, controlled by appropriate 
defense mechanisms [23]. In immunocompetent organism, 
these microfl ora interact with keratinocytes and local im-
mune cells, thus supporting limiting local growth of skin 
microfl ora. However, in immunocompromised and elderly 
patients, the commensal skin staphylococci, Candida yeasts 
etc. may be isolated from the sites of extradermal oppor-
tunistic infections, like catheter- or pacemaker-associated 
infl ammatory conditions [24]. Clinical studies show that all 
the mentioned skin microfl ora could be revealed in blood of 
the immunocompromised patients (see tables 2, 3).

Oral mucosa
Hundreds microbial and viral species, of them – only up to 
5-10 marker microbes, Candida yeasts and viruses (EBV). 
Dental fl ora could be revealed in bloodstream, and, especial-
ly, in heart valves [25], thus demonstrating a wide opportu-
nity of a distant microbial contamination with opportunistic 
oral microfl ora.

Oral mucosa is protected by innate immunity factors, playing 
a crucial role in the regulation of oral health. E.g., epithelial 
cells lining oral mucosal surfaces provide not only a physi-
cal barrier but also produce diff erent antimicrobial peptides, 
including human β-defensins (hBDs), lactoferrin, secretory  
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Organism Bone marrow transplants, N (%) Peripheral blood stem cell 
transplant, N (%)

Bacterial infections 

Staphylococcus (coagulase negative) 123 (82) 101 (67) 

Enterococcus (all species) 54 (42) 49 (40) 

Clostridium difficile 69 (52) 54 (41) 

Staphylococcus (coagulase positive) 10 (9) 30 (20) 

Escherichia (also E. coli) 16 (15) 23 (19)

Viral infections 

Cytomegalovirus (CMV) 78 (61) 81 (57) 

Polyomavirus 27 (25) 27 (24) 

Herpes Simplex (HSV1, HSV2) 16 (14) 22 (17) 

Epstein-Barr Virus (EBV) 15 (12) 21 (15) 

Influenza 22 (19) 13 (13)

Fungal/Parasitic infections 

Other (suspected) Fungus 12 (11) 13 (12) 

Yeast other than Candida albicans 5 (4) 12 (10) 

Candida albicans 6 (6) 10 (8) 

Aspergillus fumigatus 5 (5) 6 (5) 

Mucormycosis (Zygomycetes, Rhizopus) 5 (4) 2 (2) 

Pneumocystis 1 (1) 2 (2) 

Toxoplasma 1 (1) 1 (1) 

Table 3. Incidence of infectious pathogens revealed over 2 years after allo-HSCT [15]

leukocyte protease inhibitor (SLPI), and various cytokines 
[26]. Specifi c IgA’s  provide specifi c immune response. Th ere 
are a lot of oral co-infections revealed in HIV-infected pa-
tients, such as human herpesvirus 6 and 8 (HHV-6, HHV-8), 
herpes simplex virus 1/2 (HSV-1/2), EBV, and human pap-
illoma virus (HPV). Colonization with Candida species is 
also quite common in these patients. Oral hairy leukoplakia 
caused by Epstein Barr virus is a typical infection associated 
with immune suppression [27].

Non-tuberculosis mycobacteria (non-MBT) are also com-
mon among oral microfl ora [28]. When examining healthy 
persons, the non-MBT DNA was detected in the nostrils of 
all 10 subjects, in buccal mucosa of 8 subjects, in the oro-
pharynx of 7 subjects, and in the dental plaques of 5 subjects. 

Oropharyngeal mucosa
In a group of 82 patients with head-and-neck cancer treated 
by chemo/radiotherapy, the authors studied subgingival bio-
fi lm samples, oral lavages and whole saliva samples obtained 
to microbiologically analyze the eff ects of cancer treatments 
(1-year follow-up). As compared to surgically treated pa-
tients, an increased prevalence of P. gingivalis, T. forsythia, 
S. mutans and Candida species was observed in the treat-
ed areas, thus demonstrating immunosuppressive action of 

the cytotoxic therapy [29]. Signifi cance of these fi ndings in 
oncohematology was evaluated by Schuurhuis et al. [30] af-
ter cytostatic treatment of 28 leukaemic and 35 auto-HSCT 
patients. Acute oral foci of infection were found in 2 leukae-
mic (7%) and 2 ASCT patients (6%), and chronic oral foci 
of infection in 24 leukaemic (86%) and 22 ASCT patients 
(63%). Positive blood cultures with microorganisms poten-
tially originating from the oral cavity occurred in 7 patients 
during treatment, but did not correlate with development of 
infectious complications.

Nasopharyngeal area is characterized by interactions be-
tween adenoid microorganisms [31]. Adenoid microbiota 
plays an important role in the development of various infec-
tious and non-infectious diseases of the upper airways, such 
as otitis media, adenotonsillitis, rhinosinusitis and adenoid 
hypertrophy. Studies have suggested that adenoids could act 
as a potential reservoir of opportunistic pathogens. Howev-
er, previous bacterial surveys of adenoids were mainly cul-
ture based and therefore might only provide an incomplete 
and potentially biased assessment of the microbial diversity. 
To develop an in-depth and comprehensive understanding 
of the adenoid microbial communities and test the ‘patho-
gen reservoir hypothesis’, we carried out a 16S rRNA based, 
culture-independent survey of bacterial communities on 67 
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human adenoids removed by surgery. Our survey revealed 
highly diverse adenoid bacterial communities distinct from 
those of other body habitats. Despite large interpersonal var-
iations, adenoid microbiota shared a core set of taxa and can 
be classifi ed into at least fi ve major types based on its bacte-
rial species composition.

Broncho-alveolar mucosa
Colonization of mucosal surfaces with autofl ora (cocci, yeast 
fungi and molds, latent viruses), has an important stimulato-
ry eff ect on whole-body development of immune responses 
[32]. However, the opportunistic local microfl ora in immu-
nocompromised patients may extensively grow on the mu-
cous surfaces in association with more or less severe clinical 
symptoms, e.g., opportunistic gramnegative bacilli (Entero-
bacteriaceae, Pseudomonas, Acinetobacter spp.). Moreover, 
relatively virulent serovars of M. avium complex, like as 
other non-MBT bacteria, may colonize the bronchial and 
intestinal mucosal surfaces of healthy individuals in immu-
nocompromised conditions [33]. Th e same could be found 
with fungal outgrowth and Toxoplasma activation. 

Gastrointestinal tract (GIT) 
Extensive gut microbiota contains hundreds of microbial 
species of which only few are able to grow on media used 
in clinical laboratories. Th e most detectable opportunistic 
infectious pathogens are: E.coli, C. diffi  cile, Enterococcus fe-
calis/faecium, etc. Meanwhile, most microorganisms (up to 
70%) are fastidious or non-culturable species which may be 
revealed only by DNA or protein diagnostics. 

As reviewed by Callejas-Díaz and Gea-Banacloche [34], the 
C. diffi  cile infection (CDI) is very frequent at early terms 
aft er hematopoietic stem cell transplantation (HSCT) – be-
tween 6 % and 20% of HSCT recipients during the fi rst year 
mostly aft er allo (allo-HSCT), thus being a promising bacte-
rial marker of intestinal dysbiosis. For diagnostics, molecu-
lar testing for the toxin genes by (PCR) is performed, along 
enzyme immunoassays (EIA). It correlates with worsening of 
bowel graft  versus host disease (GVHD). 

Early aft er cytoreductive therapy one may observe severe 
damage of chemosensitive intestinal mucosa [35]. Intesti-
nal microfl ora undergoes suffi  cient changes within several 
days aft er intensive chemotherapy and/or HSCT. At present 
time, these shift s in microfl ora subsets are eff ectively detect-
ed by means of multiplex high-throughput PCR followed by 
sequencing of the obtained genome fragments and comput-
er-assisted diff erentiation of these genome segments. Th e 
mentioned mucosal damage and infl ammation is associated 
with a reduced biodiversity of intestinal microfl ora develop-
ing aft er HSCT (see a review by [36] Kucher et al., 2017). In 
turn, altered intestinal microbiota aft er HSCT is shown to be 
an important risk factor of severe GVHD [37]. Hence, the in-
teractions between gut microbial antigens and immune cells 
are enhanced early aft er cytotoxic chemotherapy.

Gut bacterial translocation: lessons from HIV 
infection 
A gradually developing immune defi ciency in HIV infec-
tion, while bearing other pathogenetic features, is known 
to be associated with a number of concomitant infectious 

complications (HCV, tuberculosis etc.) and a variety of so-
matic comorbidities [38] (Currier, Havlir 2005). Opportun-
istic infections are commonly associated with HIV infection. 
E.g., some malignant lymphomas in HIV patients may occur 
due to activation of latent Epstein-Barr virus and, probably, 
HHV8 [39], like as secondary lymphomas in post-transplant 
immunocompromised patients. Bacterial opportunistic in-
fections, such as Pneumocystis jiroveci, Toxoplasma gondii, 
and Mycobacterium avium threaten the patients at CD4+ T 
cell counts below 200 cells/mcL [40]. However, exact critical 
levels for CD4+ cells are quite varying. Th erefore, a multiplex 
detection of opportunistic pathogens would be performed, 
in order to assess real individual degree of clinical immuno-
defi ciency.

In HIV-infection, the intestinal damage and microfl ora 
changes are followed by activation of monocytes and resid-
ual T cells, due to the so-called bacterial translocation, i.e., 
penetration of gut bacterial cell components from injured 
intestinal wall to bloodstream [41]. Th e bacterial transloca-
tion is registered as endotoxin or soluble monocyte (CD14) 
antigen detected in blood serum. Th is “subseptic” condition 
is recognizable in HIV-infected patients, especially, those 
receiving suboptimal antiretroviral therapy. According to 
this opinion, the damaged gut epithelium allows diff usion 
of bacterial antigens which stimulate monocytes, IL-17 and 
IL-22-secreting cells.  

Th e mentioned markers of microbial translocation in HIV 
infection showed some pathogenetic links with quantita-
tive shift s in gut microfl ora, as shown by next-generation 
sequencing of bacterial 16S rRNAs which identifi es hun-
dreds of intestinal microbial species [42]. Th e analysis of 
gut microbial diversity showed a more restricted microbio-
ta spectrum, both at baseline and aft er antiretroviral ther-
apy (ART). Th e skewed biodiversity of gut fl ora correlated 
with decreased CD4 T-cell counts and increased markers 
of microbial translocation and monocyte activation. More-
over, bacterial lipopolysaccharide (LPS) and soluble CD14 
(monocyte antigen) concentrations in blood plasma are 
shown to predict mortality and disease progression in sub-
jects with HIV infection [41]. Intestinal epithelial damage 
and altered gut microfl ora in allogeneic HSCT are also well 
proven [36]. Hence, the markers of bacterial translocation 
may be potentially eff ective in diagnostics of any immune 
defi ciency, aiming to evaluate possible damage to the gut 
mucosa and altered immune response aft er HSCT.

Urine and urogenital ways
Th e urine is sterile in healthy children. Normally, the urinary 
epithelium is protected by specifi c antibacterial factors, e.g., 
Tamm-Horsfall protein, lactoferrin, defensins etc [43]. With 
age, however, the urinary system is colonized in ascending 
manner with microfl ora from skin (Klebsiella pneumoniae, 
Pseudomonas aeruginosa, Staphylococci, Candida) and gut 
(Escherichia coli, Enterobacter, Enterococcus, Proteus mirabi-
lis). However, hematogenic infections are also possible due 
to Staph. aureus, Haemophilus infl uenza etc., thus causing 
chronic cystitis and pyelitis oft en complicated by infectious 
kidney stone formation [44].  

Protozoic infections, e.g.., Toxoplasma gondii, may be also 
revealed in urogenital ways over 1st month aft er HSCT [45], 
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with rapid disappearance from urine cells upon hematopoie-
sis reconstitution.  

Early aft er hematopoietic transplantation, hemorrhagic cys-
titis is developing in most cases, mainly, due to urothelial 
damage by toxic cytostatic treatment. Meanwhile, activation 
of BK and JC viruses (latent polyomaviruses in urothelial 
cells) are additional markers of hemorrhagic cystitis at the 
terms of 1-2 months which are found in urine at early terms 
post HSCT [46].

Catheter-associated urinary infection is a special issue in im-
munodefi cient patients. It may be caused by P.mirabilis mi-
grating from gut [47], or other urease-positive microbes mi-
grating, mainly, from skin. Multiple bacterial species co-exist 
in microbial biofi lms growing on the bladder epithelium and 
in catheter lumen [48]. 

Mixed infections in immunocom-
promised patients
Bacterial/fungal co-infections
Combined infections with bacterial and/or fungal agents af-
ter cytotoxic treatment in post-transplant patients were de-
scribed in many works. However, the mechanisms of their 
simultaneous emergence are not clear yet. Acute failure of 
protective immune mechanisms could be the most plausible 
explanation for these posttransplant conditions. Moreover, 
multiple occurence of several pathogens in a single biologi-
cal sample (i.e., blood, urine, or saliva) in HSCT patients may 
be promoted by a symbiotic microbial growth, thus causing 
a co-infection. Polymicrobial complexes grown as biofi lms 
are regularly observed in local infections, such as dental 
caries and parodontitis, otitis media, diabetic foot wounds 
etc. [49]. Similar growth of bacterial associations is typical 
to blood catheter-associated infections, or urinary catheter 
contamination. Hence, bacterial co-infections are not rare 
and should be detected in HSCT setting.

Th e incidence of bacterial and/or fungal infections was as-
sessed in a group of 901 stem cell transplant recipients [50]. 
Of them, 237 patients (27%) had microbiologically doc-
umented microorganisms isolated, including 34 patients 
(14%) simultaneously infected with multiple microorgan-
isms. Th e co-infected patients seem to be at an increased risk 
for aGvHD and delayed graft  functioning.

Th e same workers evaluated infection by Clostridium diffi  -
cile, a common opportunistic microbe, and its association 
with other infectious agents [51]. Among 822 consecutive 
autologous and allogeneic HCST recipients, 85 cases (10.3%) 
of C.diffi  cile-associated disease were identifi ed. Signifi cant 
associations were found between C.diffi  cile detection, and 
neutropenic fever, as well as with bacterial coinfection, and 
presence of vancomycin-resistant Enterococcus faecium 
(VRE) colonization. Allo-HSCT patients with C.diffi  cile-as-
sociated disease showed higher rates of severe gastrointesti-
nal aGvHD.

Viral co-infections
Combined post-transplant viral co-infections are also quite 
common, thus suggesting their treatment by injection of the 

virus-specifi c immune lymphocytes [52]. Simultaneous acti-
vation of several common endogenous viruses was shown by 
a multiplex PCR system for 13 common viral species in some 
patients before allo-HSCT, while being increased within 1st 
month aft er transplant [53]. 

Simultaneous co-activation of herpesviruses is a regular 
fi nding. E.g., in a Polish study [54] 142 allo-HSCT recipients 
were tested for 3 herpesviruses (CMV, HHV-6 and HHV-7) 
for the fi rst 3 months. Reactivation of more than one virus 
was identifi ed in 31% of analysed patients, with CMV being 
most common, thus increasing risk of specifi c complications 
posttransplant. 

In a recent study by Koskenvuo et al. [55] the authors studied 
23 viruses in 53 paediatric patients up to 3 months aft er al-
lo-HSCT. Interestingly, polyomaviruses predominated over 
herpesviruses thus showing their common incidence in the 
immunodefi cient cohort. Of them, 13 patients (25%) had vi-
raemias by multiple viruses. Presence of viral co-infections 
was signifi cantly associated with aGvHD and steroid use, the 
factors known to suppress immune functions.

Th ere are specifi c combinations of certain viral species in 
post-HSCT patients. According to results obtained by Jeulin 
et al. [56], HHV6 infection did not correlate with CMV, HSV, 
EBV. Meanwhile, adenovirus infection and HHV-6 activa-
tion seemed to be related in their posttransplant replication.

Mixed infectious pathogens
A large meta-analysis was performed by Klein et al. [57] 
based on a systematic search of diff erent medical databas-
es on infl uenza virus-associated infections. It covered 27 
studies including 3215 participants, with widely varying 
coinfection rates ranging from 2% to 65%. Most common 
coinfecting species were S. pneumoniae and Staph. aureus, 
which accounted for 35% and 28% of infections followed by 
P.aeruginosa, S. pyogenes, H. infl uenzae,.K. pneumoniae, and 
M. pneumoniae.

A study by Chebotkevitch et al. [58] has revealed that cyto-
static treatment was associated with higher CMV and EBV 
activation rates if the patients had concomitant bacterial in-
fections, thus confi rming a potentially common reason for 
mixed-type infections in this cohort (Table 5).

To confi rm a need for multiplex studies of infectious agents 
in local samples, we would like to refer our previous study 
concerning incidence of diff erent opportunistic pathogens 
in the tissues of heart valves surgically obtained from cardio-
surgery patients subjected to valve replacement (Table 4). Of 
course, this group comprised patients with a story of septic 
episodes before the valve disorder had developed. However, 
a number of DNA species (both microbes and viruses) was 
revealed in 72% of the heart valves from the patients with 
septic endocarditis thus showing their high rates of expo-
sure to infectious agents. Moreover, a number of the samples 
tested has shown positivity for both bacterial and herpesvi-
rus DNA, thus suggesting high probability of mixed valves 
contamination from the circulating blood. Th e enlisted mi-
crobial species may originate from skin (Staphylococci, Strep-
tococci, Candida spp), gut (E.Coli), oral cavity (P.Gingivalis, 
Actinobacillus actinomycetemcomitans, T.Forsythus), then 
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being translocated via bloodstream at any time of transient 
bacteremia.

Similar data on heart valve contamination by multiple bacte-
ria were obtained by Miller et al. [59] using broad-range 16S 
rDNA PCR and Sanger sequencing on a specifi c fragment of 
ribosomal DNA extracted from HV tissues.

Hence, the existing diagnostic approach to detection of 
mixed microbial and viral infections in post-transplant pa-
tients seems to be rational and feasible. Multiplicity of infec-
tious agents should then correlate with grade of anti-infec-
tious response and risk of severe GvHD. Th is issue may be 
resolved by detection of group-specifi c microbial and viral 
markers.

Multiple infections and 
post-transplant mortality risk
Some previous results suggest increased mortality of HSCT 
patients with diagnosed multiple bacterial infections. E.g., 
Trifi lio et al. [50] have reviewed clinical and laboratory data 
of 901 HSCT recipients (675 auto- and 226, allo-HSCTs). 
When studying diff erent biomaterials, the authors have iden-
tifi ed 179 patients with proven monomicrobial infection and 
59 patients (24%) with multiple microorganisms, of which 
34 (14%) were classifi ed as polymicrobial infection (PI), and 
25 (10%) as multiple distinct episodes of infection (MDE). 

Table 4. Incidence of infectious pathogens in heart valves excised from the patients with septic endocarditis [25]

Тable 5. Incidence of herpesvirus DNA in leukemia patients with/without bacteremia [58]

Pathogen species Number of positives % of total specimen number (n=91)

Staph. Spp. 42 46,2

Streptoc. Spp 30 33

Candida alb. 8 8,8

E.coli VT-L1 5 5,5

E.coli VT-L2 6 6,6

E.coli H7 0 0

P.Gingivalis 3 3,3

Actinobacillus actinomycetemcomitans 6 6,6

T.Forsythus 4 4,4

HSV 1;2 20 22

CMV 9 9,9

ЭБВ 13 14,3

Ureapl spp. 0 0

Chlam trachoma 0 0

Mycopl hominis 17 18,7

Samples under study 
Herpesvirus type, absolute (%)

CMV HSV 1/2 HHV6 EBV

Leukemia patients n=437 21 (4.8%) 13 (3%) 48 (11%) 109 (24.9%)

Leukemia patients with
proven bacterial blood
contamination n=21

8 (38.1%) 1 (4.8%) 2 (9.5%) 12 (51.1%)

Р <0.05 >0.05 >0.05 <0.05
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Th ere were no signifi cant connections between the infection 
multiplicity, and age, gender, diagnosis, time to engraft ment, 
response to therapy, etc. However, overall mortality at day 
+100 post transplant was higher in patients with multiple 
infectious episodes (P =0.02 in the Kaplan–Meier analysis). 
Th ese patients also proved to be at an increased risk for acute 
GVHD and graft  failure. In particular, early and frequent-
ly presenting Gram-negative infections, and fungal (most-
ly, Candida) infections were associated with high mortality 
rates. 

Common endogenous viruses (4 herpesviruses, BK polyo-
mavirus, and adenovirus) were studied in allo-HSCT setting 
by Hill et al. (2017) [60]. Th e workers performed weekly 
quantitative PCR of blood plasma for viral DNA from 404 
allo-HSCT patients. CMV was the most common virus (65% 
of patients), followed by BKV (54%), HHV-6B (46%), AdV 
(10%), and EBV (9%). CMV, BKV, and HHV-6B were the 
viruses most frequently seen in combination. Detection of 
multiple viruses until day +100 was quite common: 90% had 
≥1, 62% had ≥2, 28% had ≥3, and 5% had 4 or 5 viruses. 
Acute GVHD grade 3-4 was associated with detection of ≥2 
viruses. Myeloablative conditioning was associated with a 
signifi cantly higher risk for ≥3 and ≥4 viruses. Age ≤21 was 
associated with detection of ≥4 viruses (aHR 2.65). In gener-
al, activation of multiple dsDNA viruses had a dose-depend-
ent association with increased mortality aft er allo-HSCT, be-
ing independent on immune reconstitution rates and acute 
GVHD.  Th ese data suggest opportunities to improve out-
comes with better preventive antiviral strategies.

Prototype test systems for detec-
tion of multiple marker pathogens 

1. Rapid blood cultures performed by several approved 
systems, i.e., BD BACTEC, BacT/ALERT 3D, VersaTREK 
and similar automated devices. Th ey use standard aerobic 
and anaerobic broth media for samples and provide re-
sults within few days and even hours. Th e data are read by 
colorimetry, fl uorimetry, or redox changes of the media 
[61]. Th is approach allows to obtain clinical isolates for 
the most opportunistic bacteria listed in Table 1.

Table 6. The SeptiFast diagnostic panel (multiplex PCR detection)

Gram-negative bacteria Gram-positive bacteria Fungal pathogens

Escherichia coli Staphylococcus aureus Candida albicans

Klebsiella pneumoniae Coagulase-negative Staphylococci Candida tropicalis

Klebsiella oxytoca Streptococcus pneumoniae Candida parapsilosis

Serratia marcescens Streptococcus spp. Candida krusei

Enterobacter cloacae Enterococcus faecium Candida glabrata

Enterobacter aerogenes Enterococcus faecalis Aspergillus fumigatus

Proteus mirabilis

Pseudomonas aeruginosa

Acinetobacter baumannii

Stenotrophomonas maltophilia

2. Manual and automated multiplex PCR was proposed by 
several fi rms, e.g., Roche, Interlabservice. To systhematize 
this search, a number of diagnostic panels are developed 
for detection of commensal/opportunistic infectious 
pathogens. An example of such multiplex diagnostics was 
developed by Roche (SeptiFast), as shown in Table 6. 

Appropriate systemic review and meta-analysis of SeptiFast 
diagnostic kits in septic patients was performed by Chang et 
al. (2013) [62]. A total of 34 studies enrolling 6012 patients 
of suspected sepsis were included. In general, sensitivity and 
specifi city estimates for combined bacteremia and fungemia 
outcome were 0.75, and 0.92, respectively. 

However, the mentioned multiplex PCR system covers only 
some opportunistic bacteria and fungi, thus missing viruses 
which are prone for reactivation post-HSCT. Mixed bacte-
rial/viral PCR assays are still under development. E.g., such 
multiplex real-time PCR was recently used in order to evalu-
ate CNS infection in infants [63].

Moreover, a diagnostic panel for combined opportunistic 
infections should include multiplex system for detection of 
infectious agents in the given local sample (urine, BAL, spi-
nal liquor etc. Such panel should detect the most common 
bacterial, fungal and viral pathogens (up to 15-20), in order 
to detect immune defi ciency and its degree (by the number 
of positive fi ndings per sample). It may be based either on 
multiplex PCR, or on microarray detection mode.

3. A more general, genus-specifi c PCR assays have been 
developed, e.g., in Russia. Th ese multiplex real-time PCR 
systems are aimed for diagnostics of vaginal or gut dys-
biosis (resp., Femofl or, and ColonoFlor) detecting up to 
16 microbial classes in appropriate biological samples. 
Th e ratios of diff erent microbiota members in complex 
biological materials are calculated, thus allowing quantify 
the balance of typical microbiota species in, urogenital or 
intestinal specimens.

4. Looking for endotoxin and surrogate markers in blood 
plasma, a search for microbial translocation via blood-
stream (endotoxin, sCD14) may be applied, using the 
strategy previously used for studies of HIV infection.
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5. Detection of total microbial contamination in blood 
and other normally sterile media. One may use currently 
developed methods for detection of total microbial DNA, 
or specifi c genes for detecting Gram+ and Gram-nega-
tive microorganisms [64]. However, most workers use 
in-house systems for these studies, thus being allowed for 
research only.

6. Moreover, some antigenic tests are commonly applied 
in order to detect opportunistic fungal invasions (beta-
galactomannan) in blood and bronchoalveolar lavage.

A search for mixed infections in posttransplant patients 
should make diagnostics of immune defi ciency more adapted 
for the needs of medical practice. Detection of severe-grade 
immune failure may justify usage of some known treatments 
in order to enhance innate and adaptive immunity in the 
patient. E.g., detection of polymicrobial infection may be a  
indication for usage of immunostimulatory cytokines and 
hemopoietic growth factors in oncohematological patients 
[65]. Moreover, fi nding of mixed infection in the patient 
could be a proven indication for G-SF-primed granulocyte 
transfusions, at least during posttransplant febrile neutrope-
nia [66].

Conclusion
1) A variety of microbes and viruses normally exists on skin 
and mucosal surfaces of gastrointestinal and urogenital tract. 

2) In cases of immune defi ciency of either type, some of the 
microorganisms extend or activate at other body sites, thus 
causing opportunistic infections, e.g., interstitial skin ab-
scesses, pneumonias, septicemias, catheter-associated infec-
tions. Activation of endogenous viruses (e.g. CMV) is shown 
to cause local lesions of diff erent organs and tissues.

3) Hence, multiplicity assessment of common infectious bi-
omarkers (bacteria, fungi and viruses) in blood and other 
unusual body sites may be used to assess grade of immune 
defi ciency in posttransplant patients at early (cytopenic) and 
late time periods (chronic immune defi ciency). 

4) In view of low culture effi  ciency for many microorgan-
isms in humans, the panels for common marker infections 
are developed which will refl ect grade of immune defi ciency. 
It could be based on express bacterial diagnostics, but, most-
ly, on multiplex real-time PCR of distinct pathogenic spe-
cies. SeptiFast could be applied to these purposes, with ad-
dition of some multiplex PCR tests for detection of viruses, 
in order to detect combined viral infections. Some antigenic 
markers (e.g., endotoxin, beta-galactomannan) could be also 
screened in the HSCT patients, being complementary to the 
battery of microbiological tests for specifying grade of the 
patients’ immunodefi ciency. 
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Оппортунистическая микрофлора в необычных
местах: маркерные патогены при тяжелом
посттрансплантационном иммунодефиците 

Резюме
Ранний и тяжелый иммунодефицит развивается 
после циторедуктивной терапии злокачественных 
новообразований, особенно после кондициониру-
ющей терапии и трансплантации гемопоэтических 
стволовых клеток (ТГСК). Восстановление иммун-
ного ответа после трансплантации происходит 
медленно, особенно в субпопуляциях лимфоци-
тов. В более поздние сроки иммуносупрессивные 
препараты способствуют поддержанию состояния 
иммунного дефицита. Поэтому после ТГСК отмеча-
ется активация различных эндогенных инфекций.
В большинстве случаев инфекционные осложнения 
здесь вызываются оппортунистическими микроор-
ганизмами (бактериями, грибами или вирусами), 
которые в норме заселяют кожные покровы, слизи-
стые и др.). После трансплантации, их пролифера-
ция и миграция может возникать в зонах, которые 
в норме не вовлечены в инфекционный процесс 
(сосудистый кровоток, бронхоальвеолярные зоны, 
мочевые пути, дермальные структуры кожи, лимфо-
узлы и др.). Таким образом, ранняя посттрансплан-
тационная активация латентных патогенов может 
определяться в периферической крови, спинно-
мозговой жидкости, бронхоальвеолярных смывах, 
ротовой жидкости, моче и других биологических

материалах, которые в норме защищены иммунны-
ми факторами. Число видов инфекционных агентов 
у данного пациента также коррелирует c более вы-
сокой смертностью трансплантационных больных. 

В связи с этим, диагностика обычно применяемых 
маркеров иммунодефицита после интенсивной 
циторедуктивной терапии может быть дополнена 
выявлением оппортунистических инфекций в тех 
биоматериалах, которые обычно не инфицирова-
ны ими (периферическая кровь, ротовая жидкость, 
моча) а также на пораженных слизистых (мокрота, 
бронхиальные смывы, спинномозговая жидкость). 
Разработаны несколько валидированных диагно-
стических панелей, основанные, главным образом, 
на мультиплексной ПЦР для того, чтобы выявить 
и определить число маркерных микроорганизмов 
(вирусов, грибов и бактерий) у пациента. Их можно 
применять для более точной оценки глубины им-
мунного дефицита.
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Циторедуктивная терапия, иммунодефицит, бакте-
рии, вирусы, активация, экспансия, множественные 
инфекции, маркерные микроорганизмы.
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