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Abstract 
Background: The recognition of human blood microbiota, consisting of cell 
wall-deficient microbes (L-forms), is a major challenge today in the field of 
microbiology. There are accumulating data confirming the concept of “inter-
nal” blood L-form microbiota and its significance for health and diseases. 
Finding out whether the blood microbiota can be of diagnostic and prognos-
tic importance for detection and evaluation of chronic infections anywhere in 
the body is a major objective. In the context of chronically infected upper 
respiratory tract (URT), the aim of the current study was to understand wheth-
er a local infection can be a source for entry of bacteria and fungi in the blood. 
Methods: Blood samples from six persons with chronic inflammations in 
URT diagnosed with hypertrophied adenoids, chronic sinusitis, nasal polyps, 
chronic naso-pharyngitis and one control healthy person were studied. Blood 
microbiota assessment methodology that be used, included three phases: 1) 
isolation of L-form cultures from blood-development and propagation; 2) 
cultivation directed to conversion of L-forms into bacterial and fungal cul-
tures; 3) isolation of pure classical bacterial and fungal cultures and their 
identification by MALDI-TOF method. Results: From the patients were isolated 
L-forms of opportunistic bacteria (Streptococcus mitis, Roseomonas mucosa, 
Dermacoccus nishinomiyaensis, Enterococcus faecalis, Acinetobacter johnsonii, 
Pseudomonas putida, Staphylococcus aureus, Pseudomonas luteola, Entero-
bacter cloacae) and fungi such as Rhodotorula mucilaginosa, Aspergillus nig-
er, Aspergillus fumigatus and Mucorales. Conclusion: The novel innovative 
methodology for assessment of blood L-form microbiota was successfully ap-
plied for detection of microbes responsible for chronic infections at URT. 
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1. Introduction 

On the basis of generated knowledge about the unique nature of L-forms (cell 
wall-deficient microbe variants) and the accumulated data by different authors 
about presence/persistence of L-forms in human blood, a concept was formu-
lated, of “internal” blood L-form microbiota [1]-[9]. The hypothesis of blood 
L-form microbiota has been confirmed by several studies which led to novel in-
sights with relevance to the role of persisting microbes in some chronic (non- 
communicable) diseases [10] [11] [12] [13] [14]. The use of original methodol-
ogy for cultivating of L-forms provides us the opportunity to determine their 
identity i.e. which species of bacteria or fungi they belong to. It has been found 
that the blood of healthy people is habited by bacterial L-forms, but the invasion 
of L-forms of opportunistic bacteria and fungi in blood of people with health 
problems can lead to dysbiosis [13] [14]. It is believed that the sources for entry 
of opportunistic bacteria and fungi into blood can be a dysbiotic microbial asso-
ciations (microbiota) at various anatomical sites in the body (intestine, upper 
respiratory tract, skin, urogenital tract) contacting with the external environ-
ment. Microbial translocation from places with normal microbiota into the blood 
can be a result of chronic inflammation and impaired mucosal protective/barrier 
functions, respectively the increased mucosal permeability [15]. Potgieter et al. 
suggest that despite the physical barrier between external and internal environ-
ments, conditions could be established that might permit microbial entry in 
blood [15]. The current study is aimed to evaluate how blood L-form microbiota 
can mirror a state of dysbiotic microbiota in upper respiratory tract of patients 
with chronic inflammations and to be a criterion for disrupted mucosal barrier 
function. 

2. Methods  

Patients: Blood samples from seven persons (male and female individuals of 
varying ages) were studied as listed in Table 1. The investigated individuals were 
with chronic inflammations in sino-nasal cavities with diagnoses—adenoid hyper- 
trophy, chronic sinusitis, nasal polyps, chronic nasopharyngitis. Some of them 
were with complicating diseases such as asthma, cervical lymphadenitis and 
pneumonia (rare case of “round” pneumonia). One control healthy person was 
studied as well. From all investigated persons were taken aseptically venous blood 
samples using K2E-EDTA Vacutainer tubes (BD Vacutainer, Plymouth, UK). 
Informed consent for the use of the blood samples for research purposes was 
obtained from all participants and/or their legal guardians, respectively. All blood 
samples were handled and anonymized, according to the national ethical and 
legal guidelines, while the study protocol was approved by the Ethics Committee 
of Scientific Studies Involving Human Experimentation at the Medical Univer-
sity of Sofia. 

Blood microbiota assessment (BMA): The methodology of blood microbiota 
assessment involved three successive phases: 1) isolation of L-form cultures from  
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Table 1. Isolation of bacterial and fungal cultures from blood of patients with inflammations at upper respiratory tract. 

Patient  
Gender/age 

Diagnosis Bacterial isolates Fungal isolates 

   Yeasts Filamentous fungi 

1. Male/7y.o. Adenoid vegetation 
-Streptococcus mitis 
-Roseomonas mucosa 
-Dermacoccus nishinomiyaensis 

Rhodotorula mucilaginosa -Aspergillus fumigatus 

2. Fmale/32y.o Chronic sinusitis + migraine Enterococcus faecalis Rhodotorula mucilaginosa 
-Mucorales 
-Aspergillus niger 

3. Fmale/34y.o Nasal polyps + asthma bronchialae Acinetobacter johnsonii Rhodotorula mucilaginosa Aspergillus fumigatus 

4. Male/68y.o 
Chronic sinusitis + cervical  
lymphadenopathy 

-Enterococcus faecalis 
-Pseudomonas putida, 

Rhodotorula mucilaginosa - 

5. Fmale/32y.o. Chronic nasopharyngitis -Staphylococcus aureus - Aspergillus fumigatus 

6. Fmale/62y.o. 
Upper respiratory tract inflammation 
+ “round” pneumonia 

-Pseudomonas luteola 
-Enterobacter cloacae 

Rhodotorula mucilaginosa _ 

7. Fmale/34y.o. Control/healthy person - - - 

 
Blood-development and propagation; 2) cultivation to direct conversion of L- 
forms into bacterial and fungal cultures; 3) isolation and obtainment of pure 
classical bacterial and fungal cultures, as well as their identification via MALDI- 
TOF method.  

Isolation of L-form cultures-development and propagation: As described 
in our previous studies, two protocols designated as “classical” and “filtration” 
were used for the isolation of microbial L-type cultures from blood samples [10] 
[11] [13]. In short, the blood sample was cultivated after a procedure of lysis 
with sterile distilled water at strictly fixed v/v ratio and after 30 minutes of ex-
posure to room temperature. “Classical” and “filtration” protocols were described 
in previous study as follows [13]. As per the “classical” protocol (CL), the ali-
quots from lysed blood samples were inoculated in tubes with Tryptic Soy Broth 
(TSB, Becton Dickinson) and incubated at 37˚C for 72 hours. As for the “filtra-
tion” protocol (F), after inoculation TSB was filtered through a bacterial filter 
with 0.2 µm pore size and was also incubated at 37˚C for 72 hours.  

Cultivation directed to conversion of L-forms into bacterial and fungal 
cultures: Strictly fixed aliquots from primary broths (CL and F) were sub-cultured 
again in three variants of broth media (TSB, TSB with Gentamycin of 100 µg/ml 
and Sabouraud Dextrose broth-SDB with Chloramphenicol of 50 µg/ml) and 
parallel plated on three variant of semisolid media -TSA, TSA with Gentamycin 
of 100 µg/ml and Sabouraud Dextrose Agar-SDA with Chloramphenicol of 50 
µg/ml. The semisolid media were solidified with 0.8% (w/v) Agar (Fluca). TSB 
and TSA were incubated at 37˚C, while SDB and SDA at 25˚C. Passages in broth 
and semisolid media were performed using technique described in previous 
study [3]. In control experiments for the sterile performance of the technical 
procedures, broths and semisolid media were inoculated with sterile saline and 
subsequent transfers were done by the same technique. All cultures were period-

https://doi.org/10.4236/ojmm.2021.113012


N. Markova 
 

 

DOI: 10.4236/ojmm.2021.113012 147 Open Journal of Medical Microbiology 
 

ically observed for appearance of growth and morphological transformations 
within 2 months. Direct light microscopic observations of native preparations 
from cultures were combined with Gram and Giemsa stained smears. 

Identification of isolated pure classical bacterial and fungal cultures by 
MALDI-TOF method: The isolated pure bacterial and yeast cultures were iden-
tified by matrix assisted laser desorption ionization-time of flight mass spectro-
metry technology (MALDI-TOF MS) using intact cells. This tool for microbial 
(bacteria and fungi) identification is based on automation in proteomics tech-
nology. Identification of microbes by MALDI-TOF MS is done by comparing 
the characteristic spectrum called peptide mass fingerprints (PMF) of unknown 
organisms with the PMFs contained in the database. This technology is already 
applied worldwide for microbial identification, by using commercial libraries of 
organisms PMFs [16]. MALDI-TOF MS equipment (Vitek MS-BIOMERIEUX) 
was used in the current study and all procedures were done according to the 
protocol of the manufacturer by trained laboratory personnel in a national pub-
lic health laboratory.  

3. Results  

L-form cultures were isolated from blood of all investigated people. As seen in 
Table 1, from the six patients (no1-6) were recovered through reversion of L- 
forms during cultivation in broth, opportunistic bacterial species such as Strep-
tococcus mitis, Roseomonas mucosa Dermacoccus nishinomiyaensis, Entero-
coccus faecalis, Acinetobacter johnsonii, Pseudomonas putida, Staphylococcus 
aureus, Pseudomonas luteola, Enterobacter cloacae and fungal species such as 
Rhodotorula mucilaginosa, Aspergillus niger, Aspergillus fumigatus and Muco-
rales. As described in previous study as well [13], the so called “non-cultivable 
elements” from blood started to develop as replicable L-forms (cell wall-deficient 
variants) in broth by using special techniques and intervals of sub-cultivations. 
Figure 1 demonstrates development of spherical and granular L-bodies with 
typical characteristics during the early phase of blood cultivation in broth. 
L-bodies were seen intracellularly inside polymorphonuclear and mononuclear 
leucocytes, or extracellularly located. Subsequently, L-bodies started replicating 
and formed population of L-form culture (Figure 1(E)). After a phase of devel-
opment and multiplication of L-forms, from them were recovered pure bacterial 
culture, a process also known as reversion of cell wall-deficient variants into 
classical bacterial forms. Thereafter, the isolated bacterial species were identified 
with/by MALDI-TOF technique. As presented in Figure 2 and Figure 3, spher-
ical L-forms recovered their cell walls during cultivation in broth and after 
sub-cultivation on semisolid media were isolated pure cultures of Acinetobacter 
johnsonii from patient 3, as well as Roseomonas mucosa and Streptococcus mitis 
from patient 1. Analogical L-form conversion into normal bacteria were also 
observed in the isolation of other bacterial species—Dermacoccus nishinomiyaen-
sis (patient 1), Enterococcus faecalis (patient 2 and patient 4), Pseudomonas 
putida (patient 4), Staphylococcus aureus (patient 5), Pseudomonas luteola 
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Figure 1. Development of L-form population in broth during cultivation of blood from 
patient No. 2 and No. 4. Spherical L-bodies, intracellularly seen in polymorphonuclear 
and mononuclear leucocytes, or extracellularly located (arrows). Native preparations with 
methylene blue. Er (erythrocytes). Magnification 1000×. 
 

 
Figure 2. Transformation of L-forms into classical bacteria ((A) arrows) in broth and 
isolation of Acinetobacter johnsonii from blood of patient No. 3. (B) Colonies of Acine-
tobacter johnsonii; (C) Native preparation; (D) Gram stained smear. Magnification 1000×. 
 

 
Figure 3. Transformation of L-forms into classical bacteria in broth (patient 1): (A) 
Spherical large L-bodies, some of them budding (arrows), others releasing reverted bacte-
ria (circle); B. Granular L-forms and groups of reverted bacteria (circle); (C) Reverting 
bacteria—transitory forms. Isolation of Roseomonas mucosa (D); Gram stained smear 
(E) and of Streptococcus mitis (F); Gram stained smear (G). Magnification 1000×. 
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patient 6), Enterobacter cloacae (patient 6). It is interesting to note that in 5 of 
the 6 investigated patients, were isolated L-forms of yeasts, identified as Rhodo-
torula mucilaginosa (Table 1). Fungal L-form conversion into classical yeast 
cells is presented in Figure 4. Large spherical L-bodies were seen when cultivat-
ing the blood initially in broth. Thereafter, fully reverted yeast cells were found 
and isolation of pure culture of Rhodotorula mucilaginosa became possible on 
solid medium. As seen in Figure 5, elements from life cycle of filamentous fungi 
(spherical bodies, fruiting bodies of cleistothecium type, germinating and 
tube-producing conidia and hyphae) were also observed in broths inoculated 
with blood. Mold cultures of Aspergillus fumigatus and Aspergillus niger were 
isolated as well. It should be noted that from blood of patient 2 was isolated  
 

 
Figure 4. Transformation of fungal L-forms into classical yeast cells in broth (patient 1): 
(A) large spherical L-bodies (arrows); (B, C) granular L-forms and dividing yeast cells 
(arrows); (D) Fully recovered yeast cells; (E) Isolation of pure culture of Rhodotorula 
mucilaginosa; (F) Gram stained smear. Magnification 1000×. 
 

 
Figure 5. Observation of fungal elements from life cycle of filamentous fungi in SDB— 
from blood of patients no1, 2, 3 and 5 (A-E): Spherical bodies/asci (A), Fruiting bodies of 
cleistothecium type (B, C); Germinating and tube-producing conidia (D); Formation of 
septate hyphae (E). After subsequent sub-cultivation on solid media (SDA), typical 
growth of Aspergillus fumigatus (F) and Aspergillus niger (G) and pictures of conidio-
phores. Magnification: (A-E)—1000×. (F, G)—200×. 
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mold culture, recognized to belong to the order Mucorales on the basis of mor-
phological characteristics (Figure 6). An interesting feature that was observed in 
patient 2 when culturing her blood in broth, was the production of mucoid 
extracellular secretes during the process of L-form conversion into classical bac-
teria and fungi (Figure 7). What stood out in all patients was the isolation of 
co-associated polymicrobial communities consisting L-forms of bacteria and 
fungi. Figure 8 demonstrates isolation of such polymicrobial communities from 
patients 1, 3, 4 and 6. It should be noted the observed unusual rough and 
strongly aggregated growth of such communities on semi-solid medium. 

4. Discussion  

The conception about “blood microbiota” in humans is presented in previous 
studies [1] [13] [14]. Two types of states are recognized—“eubiotic” vs. “dysbi-
otic” microbiota, that are of significance for health and disease. Last investiga-
tions of blood microbiota in patients with autism, multiple sclerosis (MS) and 
Parkinson’s disease showed that cell wall-deficient variants (L-forms) of oppor-
tunistic bacteria and fungi may have a disease-trigger potential [14]. An inter-
esting issue to address is, whether the blood microbiota can be of diagnostic and 
prognostic importance for detection and evaluation of chronic and latent (hidden) 
 

 
Figure 6. Isolation of mold culture from blood of patient 2, recognized as Mucorales (or-
der) on the basis of morphological characteristics. (A) Mold growth; (B) Sporangium and 
hyphae; (C) Zygospore (arrow). Magnification: (B, C)—200×. 
 

 
Figure 7. Secretion of mucoid fluids (arrows) during the process of L-form conversion 
into classical bacteria and fungi in patient 2. Native preparations from broth contrasted 
with methylene blue. Magnification: 1000×. 

https://doi.org/10.4236/ojmm.2021.113012


N. Markova 
 

 

DOI: 10.4236/ojmm.2021.113012 151 Open Journal of Medical Microbiology 
 

 
Figure 8. Co-isolation of communities of associated bacteria and fungi: Patient 4 (A, B, C 
and D); Mixed rough growth (A) and native preparation from the growth (B) consisting 
strongly associated bacteria and yeasts (Pseudomonas putida, Enterococcus faecalis and 
Rhodotorula mucilaginosa); Gram stained smear—Pseudomonas putida and Enterococ-
cus faecalis (C); Gram stained smear—Enterococcus faecalis and Rhodotorula mucilagi-
nosa (D); Patient 6 (E, F, G) Mixed rough growth (E) and rough colonies (F) consisting 
Pseudomonas luteola, Enterobacter cloacae and Rhodotorula mucilaginosa; smooth colo-
nies of Pseudomonas luteola (G); Gram stained smear of Pseudomonas luteola (H); Pa-
tient 1—Gram stained smear of Streptococcus mitis and Rhodotorula mucilaginosa (L); 
Patient 3—Gram stained smear of Acinetobacter johnsonii and Rhodotorula mucilagino-
sa (M). Magnification: (B, C, D, H, L, M)—1000×. (A, F)—200×. 
 
inflammations anywhere in the body. In the context of chronically infected up-
per respiratory tract, of significance is to understand whether a local infection 
can be a source for entry of bacteria and fungi in the blood. On the other hand, 
it’s of interest to study how bacteria and fungi transform into cell wall-deficient 
variants (L-forms) and in turns, how they can be detected and identified by iso-
lation from blood. 

The investigated cases in the current study include people of different age and 
sex with inflammation in the upper respiratory tract, varying in clinical symp-
toms, grade and chronicity of manifestations, as well as additional complications 
in the context of other diseases. A common feature that was noted concerning 
the blood microbiota of all investigated patients except the control healthy per-
son, was a phenomenon of co-isolation of strongly/close associated bacterial and 
fungal cultures. It became clear, that the concrete combination of microbial spe-
cies in every person (unique individual microbiota) can be considered as re-
sponsible for the variations in the manifestations of upper respiratory tract in-
flammations. It should be noted that in contrast to acute infection in upper res-
piratory tract when the etiological microbe agent can be easily diagnosed, in the 
cases with chronic infections this is difficult to be done. It’s important in the 
chronic cases to detect which of microbial agents are able to overcome mucous 
barrier and to entry into blood circulation that in turns determinates its patho-
genic effect in maintenance of the local infection. In this sense, it is of signific-
ance to analyze the data for each patient individually to assess his/her individual 
blood microbiota in correspondence to a persisting chronic local infection/in- 
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flammation anywhere in the body. 
From the blood of the first patient of age 7y.o., diagnosed with “hypertrophied 

adenoids”, were isolated L-forms of bacteria—Streptococcus mitis/orales, Ro-
seomonas mucosa and Dermacoccus nishinomiyaensis, together with fungi- 
Rhodotorula mucilaginosa and Aspergillus fumigatus. In particular, this combi-
nation of bacteria and fungi indicated that they originate/entered in blood from 
the upper respiratory tract (oro- and nasopharynx), that correlates adequately to 
the inflammation associated with “hypertrophied adenoids” in the patient. The 
“adenoids”, are a part of the lymphoid tissue that naturally serve as a defense 
against infection. When its defense mechanisms overcome, it may become a site 
of acute and chronic infection [17]. 

In the second patient of age 32 y.o., with diagnosis chronic sinusitis, from the 
blood were isolated L-forms of Enterococcus faecalis and fungal species—Rho- 
dotorula mucilaginosa, Mucorales and Aspergillus niger. Observation of ele-
ments from the life cycle of yeast and filamentous fungi was a leading finding. 
The final isolation of cultures on solid medium confirmed the vitality of the ob-
served elements in the liquid medium in which the blood was initially incubated. 
This patient has been also diagnosed additionally with symptoms of migraine, 
although the headaches and nasal discharge are the most frequent symptoms in a 
chronic sinusitis [18]. The combination of life cycle elements from several fungal 
species is not surprising. Their detection in the blood does not mean that it is a 
systemic fungal infection, but rather a systemic entry of fungal elements into the 
bloodstream from some chronic focus of colonization/infection. It can be seen in 
the early stage of the study (Figure 1) how the cells of the immune system (po-
lymorphonuclear and mononuclear leukocytes) phagocytized fungal spores. It 
should be noted that when culturing the blood of patient 2 in broth, large 
amounts of “mucoid secretion” were observed (Figure 7). This phenomenon can 
be associated with ability of Mucorales to secrete extracellular substances (poly-
saccharides), which probably contribute to the pathogenesis of sinusitis (soft 
tissue edema, disturbed drainage of secretions, etc.). Enterococcus faecalis is a 
bacterial species that is very easily transformed into L-forms, entering the blood-
stream. In this case, Enterococcus faecalis is present in the blood asymptotically 
as L-forms. It is supposed that this species may contribute to the chronicity of 
inflammation caused by other microbes [19].  

In the third patient of age 34y.o. with diagnoses nasal polyps, asthma bron-
chiale and allergic skin rash, were isolated from the blood L-forms of Acineto-
bacter johnsonii and fungal species—Rhodotorula mucilaginosa and Aspergillus 
fumigatus. Nasal polyps are most often associated with allergic diseases [20]. 
Acinetobacter johnsonii is defined as an opportunistic bacterial species that can 
cause infections ranging from pneumonia to bacteremia, urinary tract and soft 
tissue infections. A case of skin and soft tissue infection associated with previous 
antibiotic use has also been reported [21].  

In the fourth patient of age 68y.o., with diagnoses chronic sinusitis and cer-
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vical lymphadenopathy as complication, were isolated from the blood Entero-
coccus faecalis, Pseudomonas putida and Rhodotorula mucilaginosa. An inter-
esting feature in this case was the polymicrobial growth of co-aggregated cul-
tures, what in turns was in correspondence to the granulomatous type of infec-
tion found in a cervical lymph node. Pseudomonas putida is a saprophytic spe-
cies, but under certain conditions can be opportunistic pathogen. It has been 
reported to be isolated from patient with nasal necrosis [22].  

In the fifth patient of age 32y.o., with diagnosis chronic nasopharyngitis, from 
the blood were isolated L-forms of Staphylococcus aureus and Aspergillus fumi-
gatus. These microbial agents probably enter in the blood from a chronic infec-
tious focus with localization in the nasopharynx. Staphylococcus aureus is a pa-
thogenic bacterial species that generally causes purulent infections associated 
with various virulence factors. However, in this case it deals about L-forms of 
Staphylococcus aureus that are less pathogenic, but they retain the ability to 
produce toxins and are the cause of symptoms characteristic for the chronic in-
fections. 

The leading finding of clinical significance in patient 6 of age 62y.o., with 
chronic upper respiratory tract infection complicated with “round pneumonia”, 
was the combination of the two bacterial species Pseudomonas luteola and En-
terobacter cloacae with yeast of species Rhodotorula mucilaginosa. Although 
these microbial species were not isolated from sputum by conventional methods, 
the presence of their L-forms in the blood of the patient suggest about their 
possible etiological role in causing the lung infection. Similar combination of 
Pseudomonas luteola and Escherichia vulneris has been reported to cause “round 
pneumonia”, in which the lesion has been detected on the chest radiographs as 
solitary lung nodule, which are first suspected to be a lung cancer [23]. Infec-
tions with Pseudomonas luteola are less common, but cases of bacteremia, em-
pyema, endocarditis, post-surgical infections and peritonitis have been reported 
[24]. Enterobacter cloacae is involved in the normal intestinal microbiota in 
many people. However, under certain conditions (immunosuppression), it can 
manifest itself as an opportunistic pathogen and cause a number of infections 
such as bacteremia, lower respiratory tract infection, urinary tract infections, 
endocarditis and others [25]. Findings related to the presence in the blood of 
elements of the life cycle of yeast and isolation of Rhodotorula mucilagenosa are 
rather an indicator of a state of suppressed immunity and entering of fungal 
elements probably from upper respiratory tract into the bloodstream without to 
claim about systemic fungal infection.  

The mucosa in upper respiratory tract play an indispensable role to counter 
nominal pathogenic microbial colonization and as a barrier against microbial 
entry into blood circulation [25]. 

5. Conclusion 

In conclusion, the novel innovative methodology for assessment of blood L-form 
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microbiota was successfully applied for detection and evaluation of microbial 
agents responsible for chronic infections at upper respiratory tract. 
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