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Abstract 
Objective: To explore more about the immune tolerance and drug resistance of white Cryptococci 
albidus in AIDS patients with opportunistic Cryptococcus infection. Methods: To analyze drug re-
sistance of the samples of white Cryptococcus albidus extracted from opportunistic infection AIDS 
patients in the certain infection area from October 2011 to December 2014. Results: After analyz-
ing two samples of Cryptococcus albidus from 885 cases with opportunistic infection, we found 
that one of the samples do resist to ten common antibiotics. They were fluconazole, flu-cytosine, 
fluconazole, caspofungin, amphotericin B, MI miconazole, terbinafine, ketoconazole and itracona-
zole. The other one was sensitive to voriconazole, but resistant to the rest of the drug. Two strains 
of bacteria were inoculated into the animals in vivo and their DNA was extracted to carry out the 
genotyping analysis. The results showed that different degrees of resistance gene amplification 
bands were found in the 10 kinds of antibiotics. Conclusion: Although there were few opportunis-
tic infection Cryptococcus albidus in AIDS patients, it was easy to show its resistance to drugs. 
Therefore, great attention should be paid to it for the medical workers. 
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1. Introduction 
It occurs occasionally to AIDS patients that they get opportunistic infection of pathogenic bacteria, especially 
tuberculosis infection of Candida albidus, Mycobacterium co-infected with tuberculosis, Escherichia coli, G 
Klebsiella, Pseudomonas aeruginosa bacteria and so on [1]-[4]. In the Cryptococcus, Cryptococcus neoformans 
is the main, but Cryptococcus albicans is rare. At present, there has been no related report on AIDS co-infected 
with Cryptococcus albicans at home and abroad. After screening large-scale samples from the 885 cases of 
AIDS opportunistic infection patients, two cases of patients with Cryptococcus albidus are extracted. After ana-
lyzing these two samples, we find that one of the samples do resist to ten common antibiotics. They are fluco-
nazole, flu-cytosine, fluconazole, caspofungin, amphotericin B, MI miconazole, terbinafine, ketoconazole and 
itraconazole. And the other one was sensitive to voriconazole, but resistant to the rest of the drug. Two strains of 
bacteria are inoculated into the animals in vivo and their DNA is extracted to carry out the genotyping analysis. 
The results show that different degrees of resistance gene amplification bands are found in the 10 kinds of anti-
biotics. The results of the study are as follows. 

2. Materials and Methods 
2.1. Data Sources 
Those 885 cases of opportunistic infections in AIDS patients were selected from Guangxi AIDS clinical treat-
ment center in Nanning from October 2011 to December 2014, including 658 cases of males, 227 cases of 
women, and they are at the age of 21 to 76. Their average age was 42.5, 3.5 years more or less. All the speci-
mens have been approved by medical ethics commission of AIDS clinical treatment center in Nanning, Guangxi 
and got consent of the patients themselves for laboratory study. 

2.2. Research Methods 
First of all, collect patients’ blood, body fluids, secretions, feces, tissue fluid and other specimens, and then send 
them to the center of medical experiment. All specimens were selected for selective inoculations in common 
blood culture flask, common blood culture dish, Makanke culture dish, SS culture dish, culture medium or KIA 
and so on. And then other related smear microscopy was carried out. After that, extract some growing bacteria 
for purifications of the vaccination bacteria. Later, identification and drug susceptibility tests were performed. 
Select two cases with Cryptococcus albidus cultures and inoculate them in the brain cavities of each experimen-
tal rabbits for 15 days. And then observe the changes of the rabbits’ immune system and analyze the immuno-
logic mechanism of Cryptococcus neoformans to the hosts. Next, extract the rabbits’ cerebrospinal fluid (CSF) 
for DNA detection and analysis of antimicrobial resistance genes. Finally, treat the experimental animals with 
voriconazole and observe the effect of treatment. 

2.3. Reagents, Instruments and Experimental Animals 
The reagents and instruments used in this study have passed the quality checks and are approved by the authori-
ty of the Department of Clinical Research. The experimental animal rabbits are from the United States. Cyclo-
phosphamide instrument are mainly BacT ALTERT 3D120 from BioMerieux. The automatic blood culture in-
struments are provided by the French BioMerieux Company, and the TIANDIREN TDR-1002 bacteria identifi-
cation of susceptibility analyzer was provided by Hunan Changsha TIANDIREN Biotechnology Co., Ltd., The 
carbon dioxide incubator, bacterial culture box, fungal culture curing box and mycobacterial culture box were 
provided by the Chinese famous brand companies of medical apparatus and instruments. All of Hemoline and 
the agar plates were provided by Zhengzhou Antu bioengineering Co., Ltd., including the blood agar plate, 
Jimmy Kang Kai agar, chocolate blood agar, SS agar and CANDIDAID. Neutral Roche culture tube and Myco-
bacterium drug susceptibility Roche culture tube were provided by Zhuhai beisuo Biological Technology Co. 
Ltd. Salmonella serotypes and shigella serotypes were provided by Ningbo Tianrun Biological Pharmaceutical 
Co., Ltd., Kligler iron agar, nutrient broth agar, and AupuToshin paper, bacitracin were supplied by Hangzhou 
Days and microbial Reagent Co., Ltd. All the reagent kits were provided by Changsha TIANDIREN biotech-
nology limited company including Enterobacteriaceae kit, non-fermentative bacteria, Staphylococcus aureus kit, 
Streptococcus kit, Neisseria or Haemophilus kit and yeast like fungus detection kit. All the reagents were used 
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within the period of validity. A pair of primers P4501 and P4502 was designed. The primer sequence of P4501 
was 5’-ATG ACT GATCAA GAA ATYGCTAA-3’ and P4502 was 5’-TAA CCTGGAGAAACY AAAAC-3’. 
The primers were provided by Shanghai engineering company. The small molecular Marker was supported by 
the United States MBI company. The extract of DNA was supplied by the American OBIGGENE company, and 
the PCR was American ABI7500. 

2.4. Quality Control 
Strains of Candida albicans (ATCC90028), Candida albicans (ATCC6258), Staphylococcus aureus (ATCC25923), 
Escherichia coli (ATCC25922), Pseudomonas aeruginosa (ATCC27853) and fecal intestinal bulb (ATCC29212) 
were provided by the Guangxi clinical test center, while the standard attenuated strain of Mycobacterium tuber-
culosis (ATCC25177) was provided by Guangxi CDC. The results were strictly acquired through the latest 
standards of the American clinical laboratory standardization association (CLSI). 

2.5. Statistical Data Processing 
Statistical software SPSS17.0 was used for statistical analysis, the difference was statistically significant with P 
< 0.05. 

3. Results 
3.1. The Distribution of AIDS Opportunistic Infection of Pathogenic Bacteria 
In the extraction of 885 cases of AIDS opportunistic infection of the pathogenic bacteria strains, cultivation of 
fungi was 356 cases, accounting for 40.23%, 141 cases with gram positive cocci, accounting for 15.93%, Ente-
robacteriaceae was 276 cases, accounting for 31.19%, non-fermentation bacteria 95 cases, accounted for 10.73%, 
and gram positive bacilli 17 cases, accounted for 1.92%. Besides, there were 98 cases of Mycobacterium tuber-
culosis co-infection, which were extracted from the opportunistic infection examples, accounting for 11.07%. 
And there were two cases of Cryptococcus albidus extracted from fungi bacteria, accounting for 0.226% of the 
total number of opportunistic infection pathogenic bacteria. After analyzing drug sensitivity of these two sam-
ples, we found that one of the samples (hereinafter referred to as NO. 1 strains) do resist to ten common antibio-
tics. They are fluconazole, flu-cytosine, fluconazole, caspofungin, amphotericin B, MI miconazole, terbinafine, 
ketoconazole and itraconazole. And the other one (hereinafter referred to as NO. 2 strains) was sensitive to vo-
riconazole, but resistant to the rest of the drug. The distribution of AIDS opportunistic infection of pathogenic 
bacteria and resistance to 10 kinds of antibiotics are as follows (Table 1, Table 2). 

3.2. The Changes of Immune System in Inoculation of the Two Cryptococcus albidus with 
the Experimental Animals 

Select two cases with Cryptococcus albidus cultures and inoculate them in the brain cavities of each experimen-
tal rabbits for 15 days. 

The levels of immune parameters in the two groups of immune animals were changed accordingly. The levels 
of IgG and IFN-γ in NO. 1 strain groups were significantly lower than NO. 2 strain’s, while the levers of IL-4 
were higher than those of NO. 2 strain’s. As P is less than 0.05, there was statistically significant. However, 
there was no statistically significant in the rest of indicators such as IgA, IgM, TNF- and IL-10 levels, because P 
was more than 0.05 (Table 3). 

3.3. The Expression of Drug Resistance Genes of the Two Cases with Cryptococcus albidus 
Two strains of bacteria were inoculated into the animals in vivo and their DNA was extracted to carry out the 
genotyping analysis. The results showed that different degrees of resistance gene amplification bands were 
found in the 10 kinds of antibiotics. For more details please look at Figure 1 and Table 4 below. 

4. Discussions 
It is very common to see AIDS opportunistic infection pathogens which will have bad influence on the patient’s  
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Table 1. The distribution of 885 cases of AIDS opportunistic infection of pathogenic bacteria. 

Fungi Gram Positive Coccus Enterobacterium Non-Fermentative Bacterial Gram-Positive Rods 

culture cases culture cases culture cases culture cases culture cases 
Candida 
albicans 174 Staphylococcus 

epidermidis 26 Sakaguchi Abnormal 
Intestinal Bacteria 2 Acinetobacter baumannii 11 corynebacterium 6 

Cryptococcus 
albidus 2 Staphylococcus 

chromogenes 1 Escherichia coli 93 Acinetobacter 1 
Arcanobacterium 
pyogenes 

2 

Candida 
dubliniensis 1 Enterococcus 

gallinarum 4 Klebsiella pneumoniae 93 Stenotrophomonas maltophilia 5 C. pseudodiphtheriticum 1 

Candida 
glabrata 19 Staphylococcus 

auricularis 5 Hafnia alvei 1 Acinetobactercalcoaceticus 6 
Library’s 
Corynebacterium 

1 

Candida 
guilliermondii 1 Staphylococcus 

lentus 1 Enteroaerogen 5 Pseudomonas putida 11 Rhodococcus equi 6 

Candida 
parapsilosis 8 Enterococcus 

faecalis 5 Klebsiella oxytoca 5 Burkholderiapseudomallei 2 
Corynebacterium 
aquaticum 

1 

Candida 
krusei 11 Streptococcus 

intermadius 1 Klebsiella ozaenae 5 Acinetobacterlwoffii 5   

Candida 
tropicalis 18 Streptococcus 

pyogenes 1 Decomposition 
Enterobacteriaceae 1 Achromobacter xylosoxidans 4   

Cryptococcus 
neoformans 122 Streptococcus 

mitis 3 Citrobacter freundii 4 Acinetobacter haemolyticus 1   

  Staphylococcus 
aureus 33 Enterobacter gergoviae 2 Pseudomonas 

aeruginosa 42   

  Staphylococcus 2 Enterobacterhormaechchei 1 Burkholderia cepacia 5   

  Staphylococcus 
lugdunensis 2 Salmonella paratyphi 1 Pseudomonas 

fluorescens 2   

  Streptococcus 
equinus 1 Yersiniapseudotuberculosis 1     

  Streptococcus 
anginosus 2 Klebsiella ornithinolytica 2     

  Staphylococcus  
equorum 2 Enterobacter agglomerates 

group 2     

  Micrococcus 
roseus 1 Morganella morganii 1     

  Staphylococcus 
xylosus 1 Serratin marcescens 1     

  Streptococcus 
sanguis 4 Kluyvera cryocrescens 3     

  Staphylococcus 
hominis 13 Proteus mirabilis 4     

  Staphylococcus 
haemolyticus 18 Serratia odorifera 2     

  Streptococcus 
acidominimus 6 Serratia fonticola 1     

  Enterococcus 
faecium 2 Salmonella typhi 20     

  Horses dysgalactiae 
Streptococcus lactis 1 Klebsiella foul induration 1     

  Micrococcus luteus 3 Cedecea 2     

  Streptococcus 
salivarius 1 Salmonella paratyphi 2     

  Micrococcus 1 Enterobacter cloacae 12     
  Blood gas aureus 1 Enterobacterintermedius 1     
    Salmonella choleraesuis 7     
    Jill folic acid bacillus 1     

Total 356 Total 141 Total 276 Total 95 Total 17 

 
Table 2. The resistance of the two Cryptococcus albidus to 10 kinds of antibiotics (resistance for R, sensitive for S). 

Bacteria names voriconazole flucytosine fluconazole caspofungin amphotericin B miconazole terbinafine ketoconazole itraconazole nystatin 

No. 1 strains R R R R R R R R R R 

No. 2 strains S R R R R R R R R R 
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Table 3. The changes of serum immunoglobulin and immune related molecules in the two groups’ patients (χ is more or less S). 

items No. 1 strains No. 2 strains t P 

IgA(g/L) 1.56 ± 0.76 1.62 ± 0.73 0.1800 0.4296 

IgG(g/L) 6.23 ± 0.72 7.04 ± 0.63 2.6773 0.0077 

IgM(g/L) 1.36 ± 0.58 1.42 ± 0.69 0.2105 0.4178 

IFN-γ(pg/ml) 8.26 ± 1.32 9.36 ± 1.22 1.9353 0.0344 

TNF-α(pg/ml) 2.13 ± 0.56 2.06 ± 0.45 0.3081 0.3808 

IL-4(pg/ml) 4.05 ± 0.36 3.68 ± 0.39 2.2045 0.0204 

IL-10(pg/ml) 2.35 ± 0.59 2.18 ± 0.63 0.6228 0.2706 

 
Table 4. The analysis results of Cryptococcus genotyping mutations resistance in the two strains (n, %), 

drug names 
No. 1 stains No. 2 strains 

sensitivity(%) resistance(%) sensitivity(%) resistance(%) 

voriconazole 0.0(0/10) 100.0(10/10) 100.0(10/10) 0(0/10) 

flucytosine 0.0(0/10) 100.0(10/10) 0(0/10) 100.0(10/10) 

fluconazole 0.0(0/10) 100.0(10/10) 0(0/10) 100.0(10/10) 

caspofungin 0.0(0/10) 100.0(10/10) 0(0/10) 100.0(10/10) 

amphotericin B 0.0(0/10) 100.0(10/10) 0(0/10) 100.0(10/10) 

miconazole 0.0(0/10) 100.0(10/10) 0(0/10) 100.0(10/10) 

terbinafine 0.0(0/10) 100.0(10/10) 0(0/10) 100.0(10/10) 

ketoconazole 0.0(0/10) 100.0(10/10) 0(0/10) 100.0(10/10) 

itraconazole 0.0(0/10) 100.0(10/10) 0(0/10) 100.0(10/10) 

nystatin 0.0(0/10) 100.0(10/10) 0(0/10) 100.0(10/10) 

 

 
Figure 1. Standard strips and resistance bands. 
 
life quality or even threaten the lives of patients if they are not treated in time [5]-[8]. Therefore, to understand 
the distribution and drug resistance analysis of opportunistic infection of pathogenic bacteria can be beneficial to 
the clinical treatment and prognosis. The research results showed that 84 species of bacteria were cultivated, 
which almost included all of the bacteria, bacteria genera and species in these 885 cases of opportunistic infec-
tions of pathogenic bacteria. Among these cultivated bacteria, fungal infected was particularly severe, whose in-
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fection rate reached 40.23%, followed by the Enterobacteriaceae, reaching 31.19%, while in patients with fungal 
infection, 2 cases with Cryptococcus albidus were extracted from them, reaching 0.226%. According to these 
results, it is not hard to find that due to the low immune function of patients with AIDS, all kinds of pathogenic 
bacteria invade the body, which makes the treatment more complex. However, it is extremely rare to see Cryp-
tococcus albidus in opportunistic infection of pathogenic bacteria. In this study, it is really difficult to detect 2 
cases of Cryptococcus albidus from 885 patients. And thus, researchers should pay more attention to this subject. 
In the test of 10 commonly used antibiotics susceptibility, No. 1 bacteria strains were resistant to all drugs, while 
strains No. 2 were sensitive to voriconazole, but showed the resistance to the rest. Judging from these results, it 
can be found that Cryptococcus albidus resistance rate is extremely high in AIDS opportunistic infection and 
causes poor treatment effect. 

The result indicates that the higher resistance of Cryptococcus albidus, the bigger effect of related immune 
indexes will occurs. When select two cases with Cryptococcus albidus cultures and inoculate them in the brain 
cavities of each experimental rabbits for 15 days the levels of immune parameters in the two groups of immune 
animals were changed accordingly, and in all immune indexes like IgA, IgM, IFN-γ, TNF-α, IL-4, IL-10, the 
lever of IgG and IFN-γ in NO. 1 strain groups were significantly lower than NO. 2 strain’s, while the levers of 
IL-4 were higher than those of NO. 2 strains’. As P is less than 0.05, there was statistically significant. However, 
there was no statistically significant in the rest of indicators such as IgA, IgM, TNF- and IL-10 levels, because P 
was more than 0.05. 

The results still showed that after analyzing the drug resistance of the cerebrospinal fluid (CSF), we found 
that the drug resistance of 2 strains of Staphylococcus was consistent with the results in routine culture sensitiv-
ity test. In No. 1 bacteria strains of ten cases of the experimental animals, there were 8 cases in the cerebrospinal 
fluid of the animals, and 2 cases with deletion type of wild drug resistance, while in strains No. 2 group, 10 cas-
es of experimental animals CSF samples were shown to be sensitive to voriconazole, but resistance to the rest of 
the 9 kinds of antibiotic, among which there were 5 cases resulting in mutation resistance, 4 cases with loss of 
wild-type resistance. The strains No. 2 were resistant to the 9 kinds of antibiotics. What mentioned above indi-
cates that the lever of resistance of Cryptococcus albidus in AIDS opportunistic infection is high and drug resis-
tance of genetic-typing was consistent with the results in routine culture sensitivity test. 

5. Conclusion 
Although there is relatively rare of AIDS patients with opportunistic infection of Cryptococcus albidus, it has 
brought disastrous threat to patients, because white Cryptococcus neoformans are resistant to 10 kinds of com-
monly used antibiotics. The conventional culture resistance test results are consistent with the gene sub type re-
sistance analysis results. Its resistance to drugs is rarely high, which brings trouble to clinical treatment. There-
fore, medical workers should pay more attention to it. 

6. Limitations of Research 
Although this study has made some achievements, there are still some limitations, for example, in the process of 
the experiment, many interference factors are influenced much on the materials in the study. It is difficult to ful-
ly guarantee the quality of testing. In addition, laboratory conditions and work environment will also affect the 
test results. What we can do is to maximize the avoidance of interference. 
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