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Abstract
Background: Antimicrobial drug resistance (AMR) is reaching crisis levels worldwide. Patients with HIV/AIDS face the additional challenge of blood infection
by antimicrobial‐resistant bacteria. However, little information on the pathogenic bacteria distribution and AMR in the blood cultures of patients with
HIV/AIDS is available.

Purpose: Herein, we aimed to analyze the distribution and AMR patterns of pathogenic bacteria in blood cultures of patients with HIV/AIDS.

Methods: We carried out an observational, single-center, retrospective, study of all positive blood isolates from patients with HIV/AIDS between 2013 and
2020.

Results: We analyzed 472 isolates from 1864 patients: 185 isolates (39.2%) were gram‐positive, 75 isolates (15.9%) were gram-negative, and 173 isolates
(36.7%) were fungi. Staphylococcus isolates were the most common gram-positive bacteria (155 (83.8%)), and Salmonella were the most common gram-
negative bacteria (21 (28.0%)). Most of the fungal isolates were Penicillium marneffei (108 (62.4%).) Gram-positive bacteria had the highest resistance to
penicillin (139 (86.3%) and erythromycin, 126 (78.3%). Coagulase-negative staphylococci had the highest resistance to oxacillin (77.0%), while the resistance
of S. aureusonly was 17.6%. Gram-negative bacteria had high resistance to ampicillin (82.1%) and ampicillin/sulbactam (57.1%). Among the fungal
isolates,Cryptococcus neoformans was not resistant to amphotericin B, �uconazole, or itraconazole (sensitivity ≈ 100%). Overall, about 51% of isolates
showed multidrug resistance, and there was an upward trend of antibiotic resistance in recent years.

Conclusion: Positive blood culture from patients with HIV/AIDS mainly contained gram-positive organisms, followed by fungi. Patients with AIDS with lower T
cells counts had a had higher risk of fungal and mycobacterial infection. Gram-positive and gram-negative bacteria had high resistance rates to �rst-line
antibiotics. Several pathogens were multidrug resistant. Culture isolation and microbiology services with susceptibility testing remain key to protecting the
HIV/AIDS population from drug-resistant bacterial infections.

1. Introduction
Bloodstream infections are prevalent among patients with AIDS/HIV. Despite the introduction of combined antiretroviral therapy, antimicrobial-resistant
bacterial blood infection is a major cause of mortality among patients with AIDS/HIV,1 which places burdens on developing countries, including China. HIV

has a speci�c capacity to alter B cell function and reduce T cell numbers, resulting in defective immunity and enhanced bacterial infection susceptibility.2

Bloodstream infections occurs commonly among patients with AIDS/HIV, and are responsible for 13.5% of all AIDS-related deaths.3 High morbidity
bloodstream infections can be caused by gram-positive and gramnegative bacteria; however, gram-positive organisms are the most common pathogens
associated with bloodstream infections.4 For instance, a study showed that 11% of patients with AIDS/HIV in Cambodia had bloodstream infections, and the

three most prevalent pathogens were Escherichia coli, Salmonella, and Bacillus pseudomallei, followed by Staphylococcus aureus.5

Antimicrobial resistance (AMR) is a global problem. Asia, particularly developing countries such as China, has a major problem with AMR.6 HIV-related
immunode�ciency results in a higher incidence and mortality of bloodstream infections in patients with AIDS/HIV compared with that in HIV seronegative
patients. In addition, with the emergence of multidrug-resistant bacteria and lack of the infection control measures, patients with AIDS/HIV have an increased
risk of bloodstream infection-related death.4 For clinical management and the rational use of antimicrobials, understanding local AMR data is vital; however,
AMR information related to blood culture isolates from patients with AIDS/HIV is limited. Herein, we describe the distribution of pathogenic bacteria and their
antimicrobial susceptibility in blood cultures from patients with AIDS/HIV at a tertiary hospital in Hangzhou, China.

2. Materials and methods
2.1 Study area and period

This was an observational, single-center, retrospective study of positive blood isolates from patients with AIDS/HIV admitted to Hangzhou Xixi Hospital,
A�liated to Zhejiang Chinese Medical University, China, between 2013 and 2020. This hospital is a 600-bed tertiary teaching institution dealing with
infectious diseases, with an average of 20000 patients with AIDS/HIV attending as outpatients per year and serves about 9620 patients with AIDS/HIV in
Hangzhou.

2.2 Data Collection Methods

The hospital's clinical database provided the microbiology data and the patients' records.

2.3 Ethical Statement

The study is original and is not under consideration for publication in another journal. This study has been approved by the ethics committee of Hangzhou
Xixi Hospital A�liated to Zhejiang Chinese Medical University (Approval No. 2023-010). All methods were performed in accordance with the relevant
guidelines and regulations and according to the principles laid down in the Declaration of Helsinki. All the authors reviewed and approved the �nal
manuscript.

2.4 Informed Consent
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Due to the nature of this retrospective study and the preserved anonymity of patients, a waiver of informed consent was obtained from the ethics committee
of Hangzhou Xixi Hospital A�liated to Zhejiang Chinese Medical University.

2.5 Laboratory techniques

2.5.1 Collection of Blood Samples

We took samples of venous blood (20 mL (adult) and 2–5 mL (children)) from each patient, and each sample was inoculated into a pair of bottles (Becton
Dickinson, Franklin Lakes, NJ, USA) (half of the sample in each bottle) using strict aseptic procedures.7

2.5.2 Culture and Microorganism Identi�cation

The collected blood samples were incubated for 7 days according to the standards set by the World Health Organization (WHO).8 Samples were considered
negative if they did not produce a positive result after 5 days of common bacterial culture or 14 days of fungal culture. Gram staining was used to identify
common strains. In vitro strain identi�cation and drug susceptibility tests of isolated colonies were carried out using a VITEK 2 Compact automatic microbial
analysis system (bioMérieux, Marcy-l'Étoile, France. Salmonella strains were identi�ed using the slide agglutination method, and Cryptococcus neoformans
strains were identi�ed using the Ink stain. The 4th edition of the “National Guide to Clinical Laboratory Procedures” was followed strictly during all operations,
and the M100-S31 document of the Clinical and Laboratory Standards Institute (CLSI) was used to judge the results.9

2.5.3 Quality control

Zhengzhou Biocell Biotechnology Liability Company provided the VITEK 2 Compact automatic microbial analysis system, the BacT/ALERT 3D 480 automatic
blood culture instrument ((bioMérieux), blood culture bottles, blood agar plates, and MacConkey agar plates. Before the tests, quality control strains
(Escherichia coli (ATCC® 25922), Pseudomonas aeruginosa (ATCC® 27853), and S. aureus (ATCC® 25923), provided by the Clinical Laboratory Centre of the
Ministry of Health of China, were used to test the sterility and performance of the culture media and the quality of the antimicrobial disks. The manufacturers'
standardized operating procedures and instructions were executed strictly.

2.5.4 Analysis of the data

The Statistical Package for Social Sciences version 22.0 (IBM Corp., Armonk, NY, USA) was used for the data analysis. The data were summarized using the
mean, frequency, and percentage, as appropriate, followed by presentation of the results using graphs or tables. Statistical signi�cance was indicated by a P
value less than 0.05.

3. Results
3.1. Demographic Characteristics

A total of 472 isolates were submitted for examination from 1864 patients with AIDS/HIV from 2013 to 2020. Among the patients providing positive samples,
375 (79.4%) were male and 97 (20.6%) were female. The study participants were 6 to 84 years old (mean ± standard deviation = 41.1± 0.7 years). There was
no difference in the age and sex between the positive and negative groups. For the patients with AIDS/HIV, the CD4+count and CD4+/CD8 ratio in those with
fungal infection and Mycobacterial infections was signi�cantly lower than in those infected with gram‐positive and gram-negative organisms, indicting a
lower immune function in patients infected with fungi or Mycobacteria compared with those with bacterial infections (Table 1).

3.2 Bacterial Isolates

Figure 1 shows the distribution of pathogenic bacteria in the blood cultures. Among the 472 strains of clinically non-repetitive pathogens, 39.2% were gram-
positive bacteria, 36.7% were fungi, 15.9% were gram-negative bacteria, and 8.2% were Mycobacteria. Among Gram-positive bacterial isolates, coagulase-
negative staphylococci (CoNS; 74.6% (138/185)) were the most predominant, followed by S. aureus 17 (9.2%), whereas among the gram-negative isolates,
Salmonella 21 (28.0%), was predominant. The largest proportion of the fungal isolates comprised penicillium marneffei, 108 (62.4%) (Figure 1).

3.3. AMR of Gram-positive Bacteria

S. aureus isolates were highly resistant to penicillin (17(100%)) and erythromycin (12(70.6%)), but only 3 (17.6%) S. aureus strains were oxacillin-resistant.
Among CoNS, 127 clinically important strains were detected, of which 91.3% (116/127) were penicillin-resistant, approximately 76.4% (97/127) were
oxacillin-resistant, and 81.9% (104/127) were erythromycin‐resistant. No Staphylococci were found to be resistant to vancomycin. Streptococcus and
Enterococcus isolates were observed to be highly resistant to erythromycin, but sensitive to vancomycin and linezolid. Moreover, about 60% of
Corynebacterium strains exhibited resistance to penicillin and erythromycin (Table 2).

3.4. AMR of Gram-negative Bacteria

E. coli was signi�cantly resistant trimethoprim-sulfamethoxazole (14 (77.8%)) and ampicillin (16 (88.9%)). Klebsiella pneumoniae was inherently resistant to
ampicillin, and 50% of K. pneumoniae isolates were resistant to trimethoprim-sulfamethoxazol, and aztreonam. Pseudomonas aeruginosa was resistant to
cefotetan and nitrofurantoin (up to 100% resistance), and was inherently resistant to ceftriaxone, trimethoprim-sulfamethoxazole, ampicillin/sulbactam, and
ampicillin. In addition, Salmonella strains were highly resistant to ampicillin (63.2% (12/19)), and ampicillin/sulbactam (57.9% (11/19)) (Table 3).

3.5 Changes in Drug Resistance of Common Pathogenic Bacterial Clinical Isolates
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The trends of Staphylococcal antibiotic resistance between 2013 and 2020 are shown in Table 4. Resistance to antibiotics peaked in 2017. Staphylococcal
resistance to clindamycin, erythromycin, gentamicin, oxacillin, penicillin, and trimethoprim-sulfamethoxazole increased signi�cantly from 50%, 57.1%, 14.3%,
57.1%, 92.9%, and 28.6% in 2013 to 85.7%, 92.9%, 50.0%, 71.4%, 100%, and 57.1% in 2017, respectively. In 2016, the prevalence of oxacillin-resistant
Staphylococcus was 85.7%, which was much higher than that in 2013 (57.1%). Fortunately, vancomycin-resistant Staphylococcus was not observed from
2013 to 2020 (Table 4). From 2017 to 2018, extended spectrum beta-lactamase (ESBL)-producing E. coli and K. pneumoniae showed prevalences of 0.0%
and 25.0%, respectively, which were the lowest in these years (Figure 2). In addition, ertapenem-resistant and imipenem-resistant E. coli were not observed
from 2013 to 2020. Collectively, there has been an upward trend of resistance to various antibiotics in recent years.

3.6 Multidrug-Resistance Patterns of Bacterial Isolates

Regarding the multidrug-resistance patterns of the bacterial isolates, multidrug resistant (MDR) isolates comprised about 57.3% (126/220) of them, and
approximately 34.1% (75/220) of the isolates showed resistance to four or more classes of antibiotics (Table 5). MDR isolates were most common among
CoNS 66.9% (85/127), Enterococcus 80.0% (4/5), E. coli 61.1% (11/18), and P. Aeruginosa 80.0% (4/5)(Table 5).

4. Discussion
The distribution of pathogenic bacteria and their antibiotic resistance pro�le in patients shows wide variation among hospitals; therefore, surveying blood
culture data in our institution is essential to provide empirical antibiotic therapy for patients with AIDS/HIV.

Pathogenic microorganism invasion leads to the systemic condition known as bloodstream infection (BSI), which is a common infection among patients with
AIDS/HIV.10 Herein, 20.9% of patients with AIDS/HIV attending our hospital had BSI, which is higher than that reported in Portugal (6.8%)11 and other parts of
China (9.38%)12. However, our result is similar to that reported in Nigeria13, which might be related to the level of medical provision in different regions.

In our study, bacterial BSI (55.1%) was more common than fungal BSI (36.7%). Gram-positive bacteria (39.2%) were the main positive strains, followed by
fungi (36.7%), and gram-negative bacteria (15.9%), which is consistent with the report by Mootsikapun14. Moreover, with the gradual decrease of CD4+ cells
and the patients' immunity, the infection rate of Mycobacterium increased. Mycobacterium is the most frequent blood culture isolate in hospitalized patients
with AIDS/HIV with severe BSI, and is associated with higher mortality.15

Susceptibility tests showed that the majority of the isolates were resistant to the antibiotics on test. Gram-positive isolates showed 44.1% and gram-negative
isolates showed 51.8% resistance to trimethoprim-sulfamethoxazole, which might be associated with the prophylactic use of trimethoprim‐sulfamethoxazole
for patients with AIDS/HIV. However, a study in Ethiopia reported a much higher percentage.16 In addition, 92.4 % of Staphylococcus isolates were resistant
to penicillin and 80.6% were resistant to erythromycin, which were higher than the percentages reported by Yen et al.17 More interestingly, all Staphylococcus
isolates were sensitive to nitrofurantoin, vancomycin, tigecycline and quinupristin-dalfopristin, which was comparable to the results from a study by
Alebachew  et al.18 For oxacillin, S. aureus showed 17.6% resistance and Cons showed 77.0% resistance, representing oxacillin-resistant S. aureus (MRSA)
and oxacillin-resistant coagulase-negative staphylococci (MR-CoNS). In Italy, Tumbarello et al reported a signi�cantly higher prevalence of MRSA
among patients with AIDS/HIV.19 

Herein, 82.1% of gram-negative bacteria were resistant to ampicillin, but were mostly sensitive to imipenem (94.6%), piperacillin/tazobactam (92.9%), and
cefepime (87.5%). This could have been caused by the restricted use of these antibiotics. Besides, one strain of K. pneumoniae was resistant to all
antibiotics, which would result in great di�culties in clinical treatment. Recent Asian surveillance data showed that the overall prevalence of ESBL among
Enterobacteriaceae is very high.20 Herein, the prevalence of ESBL was approximately 50% among Enterobacteriaceae, which was in line with the reported

rates of ESBL positivity in Cambodia5, but was higher than that reported in Korea (6.7%)21. Although we isolated Salmonella spp. from only 19 specimens, we
found 6 MDR isolates among them, which were resistant to 3 antimicrobials, such as ampicillin, trimethoprim-sulfamethoxazole, and nitrofurantoin.
Fortunately, none of them were resistant to third-generation cephalosporins (ceftazidime, ceftriaxone) or cipro�oxacin. These results agreed with the �ndings
of Shanson.22 

China has a major problem with antibiotic misuse/overuse, with nearly 70% of inpatients being prescribed with antibiotics, which is double the rate expected
by the WHO.23 Herein, we studied the trend of Staphylococcus antimicrobial resistance and found an upward trend of resistance to various antibiotics in
recent years. However, antibiotic resistance seemed to decline from 2017 to 2020, which might be related to the actions taken by the hospital, such as
improvements in the application of antibiotics and the monitoring system for bacterial resistance, preventing and controlling environmental pollution by
antibiotics, and preventing and controlling bacterial resistance. More rational use of antibiotics also decreased the prevalence of ESBL among
Enterobacteriaceae.

Antibiotic susceptibility testing demonstrated that 25.0% of gram-negative isolates showed resistance to �ve or more antibiotics, which was signi�cantly
lower than value in Northwest Ethiopia (40.7%)7. There might be many reasons why the bacteria that infect patients with AIDS/HIV show high antimicrobial
drug resistance. The main reasons might be inappropriate antibiotic use and lack of antimicrobial resistance surveillance system.

There were several limitations to this study. First, this was a retrospective single-center study and the sample size was relatively small; therefore, we cannot
exclude potential confounders. Second, as a single center study, the �ndings are probably most appropriate to guide local physicians. Third, resource
constraints meant that we did not determine the antimicrobial resistance pro�le of certain bacterial isolates, including Mycobacterium and penicillium
marneffei.
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5. Conclusion
In conclusion, we observed that the prevalence of bloodstream infections and bacterial antimicrobial resistance patterns in patients with AIDS/HIV were high.
For gram-positive bacteria, vancomycin and linezolid represent active antibacterial agents, while imipenem, piperacillin/tazobactam, and cefepime remain
effective against gram-negative bacteria. In this study, 57.3% of the isolated bacterial strains showed MDR, including resistance to
trimethoprim‐sulfamethoxazole, which can reduce morbidity and mortality among patients with AIDS/HIV. Consequently, it is recommended that the
distribution of pathogenic bacteria, their AMR, and changes in drug resistance during bloodstream infection among patients with AIDS/HIV receive close
attention, so as to guide the rational use of antibiotics and prevent the outbreak of drug‐resistant strains. We recommend an additional study of other
populations at the most risk of life-threatening infections by resistant bacteria, such as the elderly, neonates, and patients suffering from diabetes. Besides, in
the study area, we plan to implement continuous antimicrobial susceptibility surveillance on a larger scale.

Abbreviations
AMR, Antimicrobial drug resistance; P, penicillin; OX, oxacillin; GM, gentamicin; LEV, levo�oxacin; SXT, trimethoprim-sulfamethoxazole; E, erythromycin; LZD,
linezolid; VA, vancomycin; TE, tetracycline; S. aureus, Staphylococcus aureus; CoNS, Coagulase-negative staphylococci; S, susceptible; I, intermediate; R,
resistance; IMP, imipenem; TOB, tobramycin; CTT, cefotetan; CAZ, ceftazidime; CRO, ceftriaxone; FEP, cefepime; GM, gentamicin; TZP, piperacillin/tazobactam;
CIP, cipro�oxacin; SXT, trimethoprim-sulfamethoxazole; F, nitrofurantoin; ETP, ertapenem; ATM, aztreonam; SAM, ampicillin/sulbactam; AMP, ampicillin; AN,
amikacin; ESBL, extended-Spectrum β-Lactamases; E.coli, Escherichia coli; K. pneumoniae, Klebsiella pneumoniae; P. Aeruginosa, Pseudomonas aeruginosa;
CM, clindamycin.

Declarations
Acknowledgments

This work was supported by Zhejiang Medical Science and Technology Program (grant 2023KY974, 2022KY1024). This study was also supported
byHangzhou Health Science and Technology Plan (grant A20231284).

Author Contributions

Z.Y.F. designed the study and collected the data, C.J.H. contributed to manuscript writing and revised the �nal manuscript. Z.M.L. contributed to supervision
and visualization.  L.C.D., L.S.B., S.B., and Z.J.J. made a contribution to patients’ selection and clinical data acquisition. All authors read and approved the
�nal manuscript.

Data Sharing Statement 

The datasets generated during and/or analysed during the current study are available from the corresponding author on reasonable request.

Disclosure

The author reports no con�icts of interest in this work.

References
1. Franceschini E, Santoro A, Menozzi M, et al. Epidemiology and Outcomes of Bloodstream Infections in HIV-Patients during a 13-Year Period.

Microorganisms. Aug 8 2020;8(8)doi:10.3390/microorganisms8081210

2. Taramasso L, Tatarelli P, Di Biagio A. Bloodstream infections in HIV-infected patients. Virulence. Apr 2 2016;7(3):320-8.
doi:10.1080/21505594.2016.1158359

3. Asensi-Diez R, Fernández-Cuerva C, Alcaraz Sánchez JJ, Muñoz-Castillo I. [Hospital admission and mortality causes of HIV patients in a third level
hospital]. Rev Esp Quimioter. Aug 2019;32(4):317–326. Diagnóstico al alta y causas de mortalidad de pacientes VIH + ingresados en un hospital de
tercer nivel.

4. Petrosillo N, Viale P, Nicastri E, et al. Nosocomial bloodstream infections among human immunode�ciency virus-infected patients: incidence and risk
factors. Clin Infect Dis. Mar 1 2002;34(5):677 − 85. doi:10.1086/338813

5. Vlieghe ER, Phe T, De Smet B, et al. Bloodstream infection among adults in Phnom Penh, Cambodia: key pathogens and resistance patterns. PLoS One.
2013;8(3):e59775. doi:10.1371/journal.pone.0059775

�. Hu F, Zhu D, Wang F, Wang M. Current Status and Trends of Antibacterial Resistance in China. Clin Infect Dis. Nov 13 2018;67(suppl_2):S128-s134.
doi:10.1093/cid/ciy657

7. Jemal M, Deress T, Belachew T, Adem Y. Antimicrobial Resistance Patterns of Bacterial Isolates from Blood Culture among HIV/AIDS Patients at Felege
Hiwot Referral Hospital, Northwest Ethiopia. Int J Microbiol. 2020;2020:8893266. doi:10.1155/2020/8893266

�. Organization WH. Antimicrobial resistance: global report on surveillance. World Health Organization; 2014.



Page 6/12

9. Gao J, Song J. Clinical analysis of distribution and drug resistance of pathogenic bacteria in blood culture of Dalian Municipal Central Hospital from
2015 to 2019. Pak J Med Sci. Sep-Oct 2022;38(7):1931–1937. doi:10.12669/pjms.38.7.5377

10. Kern WV, Rieg S. Burden of bacterial bloodstream infection-a brief update on epidemiology and signi�cance of multidrug-resistant pathogens. Clin
Microbiol Infect. Feb 2020;26(2):151–157. doi:10.1016/j.cmi.2019.10.031

11. De Matos A, Lopes SB, Serra JE, Ferreira E, da Cunha JS. Mortality predictive factors of people living with human immunode�ciency virus and
bloodstream infection. Int J Infect Dis. Sep 2021;110:195–203. doi:10.1016/j.ijid.2021.06.032

12. Qi T, Zhang R, Shen Y, et al. Etiology and clinical features of 229 cases of bloodstream infection among Chinese HIV/AIDS patients: a retrospective cross-
sectional study. Eur J Clin Microbiol Infect Dis. Nov 2016;35(11):1767–1770. doi:10.1007/s10096-016-2724-7

13. Oluyege AO, Ojo-bola O, Olagbemi AA. Prevalence and antibiotic resistance pattern of blood culture isolates from human immuno-de�ciency virus (HIV)
patients on highly active anti-retroviral therapy (HAART) in Nigeria. African Journal of Microbiology Research. 2015;9:909–914.

14. Mootsikapun P. Bacteremia in adult patients with acquired immunode�ciency syndrome in the northeast of Thailand. Int J Infect Dis. May
2007;11(3):226 − 31. doi:10.1016/j.ijid.2006.02.010

15. Jacob ST, Pavlinac PB, Nakiyingi L, et al. Mycobacterium tuberculosis bacteremia in a cohort of hiv-infected patients hospitalized with severe sepsis in
uganda–high frequency, low clinical suspicion [corrected] and derivation of a clinical prediction score. PLoS One. 2013;8(8):e70305.
doi:10.1371/journal.pone.0070305

1�. Marwa KJ, Mushi MF, Konje E, Alele PE, Kidola J, Mirambo MM. Resistance to Cotrimoxazole and Other Antimicrobials among Isolates from HIV/AIDS
and Non-HIV/AIDS Patients at Bugando Medical Centre, Mwanza, Tanzania. AIDS Res Treat. 2015;2015:103874. doi:10.1155/2015/103874

17. Yen TY, Sung YJ, Lin HC, et al. Emergence of oxacillin-resistant Staphylococcus lugdunensis carrying staphylococcal cassette chromosome mec type V
in central Taiwan. J Microbiol Immunol Infect. Dec 2016;49(6):885–891. doi:10.1016/j.jmii.2014.11.018

1�. Alebachew G, Teka B, Endris M, Shiferaw Y, Tessema B. Etiologic Agents of Bacterial Sepsis and Their Antibiotic Susceptibility Patterns among Patients
Living with Human Immunode�ciency Virus at Gondar University Teaching Hospital, Northwest Ethiopia. Biomed Res Int. 2016;2016:5371875.
doi:10.1155/2016/5371875

19. Tumbarello M, de Gaetano Donati K, Tacconelli E, et al. Risk factors and predictors of mortality of methicillin-resistant Staphylococcus aureus (MRSA)
bacteraemia in HIV-infected patients. J Antimicrob Chemother. Sep 2002;50(3):375 − 82. doi:10.1093/jac/dkf126

20. Chen YH, Hsueh PR, Badal RE, et al. Antimicrobial susceptibility pro�les of aerobic and facultative Gram-negative bacilli isolated from patients with intra-
abdominal infections in the Asia-Paci�c region according to currently established susceptibility interpretive criteria. J Infect. Apr 2011;62(4):280 − 91.
doi:10.1016/j.jinf.2011.02.009

21. Park SH, Choi SM, Lee DG, et al. Emergence of extended-spectrum β-lactamase-producing escherichia coli as a cause of community-onset bacteremia in
South Korea: risk factors and clinical outcomes. Microb Drug Resist. Dec 2011;17(4):537 − 44. doi:10.1089/mdr.2011.0072

22. Shanson DC. Septicaemia in patients with AIDS. Trans R Soc Trop Med Hyg. 1990;84 Suppl 1:14 − 6. doi:10.1016/0035-9203(90)90449-o

23. Li Y, Xu J, Wang F, et al. Overprescribing in China, driven by �nancial incentives, results in very high use of antibiotics, injections, and corticosteroids.
Health Aff (Millwood). May 2012;31(5):1075-82. doi:10.1377/hlthaff.2010.0965

Tables



Page 7/12

Table 1
Demographical characteristics of patients with HIV/AIDS with bacterial bloodstream infections

Patient Characteristics G-positive bacteria
(n = 185)

G-negative bacteria
(n = 75)

Mycobacteria
(n = 39)

Fungi
(n = 173)

p-Value

Male sex, n (%) 136 (73.5) 52 (69.3) 32 (82.0) 155 (89.6) NS

Age, median (IQR) 41 (33–51) 41 (32–57) 39 (30–50) 35 (28–45) NS

CD4+count (/µL), median (IQR) 50
(12–198)

51 (19–192) 9 (4–30) 15 (6–31) P < 0.001*

CD8+count (/µL), median (IQR) 458
(210–731)

336 (196–749) 241 (154–394) 249
(153–411)

P < 0.05†

CD4+/CD8 ratio, median (IQR)+ 0.13
(0.04–0.36)

0.18
(0.06–0.46)

0.05
(0.01–0.16)

0.06
(0.03–0.1)

P < 0.001*

CD19+count (/µL), median (IQR) 62
(22–135)

35 (13–117) 16 (6–36) 25 (12–69) P < 0.05†

CD16+, CD56+ count (/µL), median (IQR) 81
(50–132)

77 (29–160) 59 (33–105) 44 (23–74) P < 0.001‡

Note: *The CD4+count and CD4+/CD8 ratio of patients with AIDS with fungi infections and Mycobacteria infections was signi�cantly lower than those with
gram-positive (G-positive) and gram-negative (G-negative) organism infections.

†The CD8+, CD19+count of patients with AIDS with Mycobacteria infections was signi�cantly lower than those with gram-positive and gram-negative
organism infections.

‡The CD16+, CD56+ count of patients with AIDS with Mycobacteria infections was signi�cantly lower than those with gram-positive and gram-negative
organism infections.

IQR, interquartile range.
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Table 2
Antibiotic resistance patterns of gram-positive bacterial isolates

Name of antibiotics P OX GM LEV SXT E LZD VA TE

S. aureus (n = 17)                

S 0 (0) 14 (82.4) 14 (82.4) 16 (94.1) 15 (88.2) 5
(29.4)

17 (100) 17 (100) 14
(82.4)

I 0(0) 0(0) 0 (0) 0 (0) 0 (0) 0 (0) 0(0) 0(0) 0(0)

R 17 (100) 3 (17.6) 3 (17.6) 1 (5.9) 2 (11.8) 12 (70.6) 0(0) 0(0) 3 (17.6)

CoNS (n = 127)                

S 10 (7.9) 29 (23.0) 88 (69.3) 52 (40.9) 56 (44.1) 23 (18.1) 124 (99.2) 127 (100) 90 (71.4)

I 0(0) 0(0) 12 (9.4) 33 (26.0) 3 (2.4) 0 (0) 0(0) 0(0) 0(0)

R 116 (92.1) 97 (77.0) 27 (21.3) 42 (33.1) 68 (53.5) 104 (81.9) 1 (0.8) 0 (0) 36 (28.6)

Corynebacterium (n = 5)              

S 2 (40.0) / 4 (80.0) 3 (60.0) 5 (100) 1 (25.0) 4 (100) 5 (100) 3 (75.0)

I 0(0) / 0 (0) 1 (20.0) 0 (0) 0 (0) 0(0) 0(0) 1 (25.0)

R 3 (60.0) / 1
(20.0)

1
(20.0)

0 (0) 3 (75.0) 0(0) 0(0) 0 (0)

Streptococcus (n = 6)              

S 2 (33.3) / 0
(0)

4 (66.7) 2 (33.1) 2
(33.1)

4
(66.7)

5
(83.3)

3
(50.0)

I 0 (0) / 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

R 0(0) / 1 (16.7) 1 (16.7) 1 (16.7) 3 (50.0) 0
(0)

0 (0) 2 (33.3)

Enterococcus (n = 6)              

S 3 (50.0) / 3 (50.0) 3 (50.0) / 1 (16.7) 6 (100) 6 (100) 2 (33.3)

I 0 (0) / 0 (0) 0 (0) / 1 (16.7) 0 (0) 0 (0) 0 (0)

R 3 (50.0) / 1 (16.7) 1 (16.7) / 4 (66.7) 0 (0) 0 (0) 2 (33.3)

Total (n = 161)              

S 17 (10.6) / 109 (67.7) 78 (48.4) 78 (48.4) 32 (19.9) 155 (96.3) 161 (100) 112 (69.6)

I 0 (0) / 12 (7.5) 34 (21.1) 3 (1.9) 1 (0.6) 0 (0) 0 (0) 1 (0.6)

R 139 (86.3) / 33 (20.5) 46 (28.6) 71 (44.1) 126 (78.3) 1 (0.6) 0 (0) 43 (26.7)

Abbreviations: P, penicillin; OX, oxacillin; GM, gentamicin; LEV, levo�oxacin; SXT, trimethoprim-sulfamethoxazole; E, erythromycin; LZD, linezolid; VA,
vancomycin; TE, tetracycline; S. aureus, Staphylococcus aureus; CoNS, Coagulase-negative staphylococci; S, susceptible; I, intermediate; R, resistance
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Table 3
Antibiotic resistance patterns of gram-negative bacterial isolates

Antibiotics LEV IMP TOB CTT CAZ CRO FEP GM TZP CIP SXT F ETP ATM SAM

E. coli (n = 18)                          

S 9
(50.0)

18
(100)

12
(66.7)

17
(94.4)

14
(77.8)

12
(66.7)

15
(83.3)

12
(66.7)

17
(94.4)

10
(55.6)

4
(22.2)

17
(94.4)

18
(100)

14
(77.8)

3
(16.7)

I 2
(11.1)

0
(0)

6
(33.3)

0
(0)

0
(0)

0
(0)

0
(0)

0
(0)

1
(5.6)

1
(5.6)

0
(0)

1
(5.6)

0
(0)

1
(5.6)

3
(16.7)

R 7
(38.9)

0
(0)

0
(0)

1
(5.6)

4
(22.2)

6
(33.3)

3
(16.7)

6
(33.3)

0
(0)

7
(38.9)

14
(77.8)

0
(0)

0
(0)

3
(16.7)

12
(66.7)

K. pneumoniae
(n = 14)

                       

S 9
(64.3)

12
(85.7)

10
(71.4)

12
(85.7)

8
(57.1)

8
(57.1)

10
(71.4)

11
(78.6)

12
(85.7)

9
(64.3)

7
(50.0)

7
(53.8)

11
(78.6)

7
(50.0)

7
(50.0)

I 1
(7.1)

0(0) 1
(7.1)

0 (0) 0(0) 0(0) 0(0) 0 (0) 0 (0) 0(0) 0 (0) 0 (0) 0(0) 0(0) 2(14.3)

R 4
(28.6)

2
(14.3)

3
(21.4)

2
(14.3)

6
(42.9)

6
(42.9)

4
(28.6)

3
(21.4)

2
(14.3)

5
(35.7)

7
(50.0)

6
(46.2)

3
(21.4)

7
(50.0)

5
(35.7)

Salmonella (n = 19)                        

S 19
(100)

19
(100)

/ / 18
(100)

19
(100)

19
(100)

/ 19
(100)

18
(94.7)

15
(78.9)

7
(36.8)

19
(100)

19
(100)

6
(31.6)

I 0 (0) 0(0) / / 0(0) 0(0) 0(0) / 0(0) 1
(5.3)

0
(0)

6
(31.6)

0
(0)

0
(0)

2(10.5)

R 0(0) 0(0) / / 0(0) 0
(0)

0
(0)

/ 0(0) 0
(0)

4
(21.1)

6
(31.6)

0
(0)

0
(0)

11
(57.9)

P. Aeruginosa (n = 5)                        

S 4
(100)

4
(80.0)

4
(100)

0
(0)

4
(80.0)

0
(0)

5
(100)

5
(100)

4
(80.0)

5
(100)

0
(0)

0
(0)

/ / 0(0)

I 0(0) 0(0) 0
(0)

0
(0)

1
(20.0)

0
(0)

0
(0)

0 (0) 1
(20.0)

0(0) 0
(0)

0
(0)

/ / 0(0)

R 0(0) 1
(20.0)

0
(0)

4
(100)

0(0) 4
(100)

0
(0)

0(0) 0(0) 0
(0)

4
(100)

4
(100)

/ / 4 (100)

Total (n = 56)                          

S 41
(73.2)

53
(94.6)

26
(46.4)

29
(51.8)

44
(78.6)

39
(69.6)

49
(87.5)

28
(50.0)

52
(92.9)

42
(75.0)

26
(46.4)

31
(55.4)

48
(85.7)

40
(71.4)

16
(28.6)

I 3
(5.9)

0 (0) 7
(12.5)

0 (0) 1
(1.8)

0 (0) 0 (0) 0 (0) 2(3.6) 2(3.6) 0 (0) 7
(12.5)

0 (0) 1
(1.8)

7
(12.5)

R 11
(19.6)

3
(5.4)

3
(5.4)

7
(12.5)

10
(17.9)

16
(28.6)

7
(12.5)

9
(16.1)

2
(3.6)

12
(21.4)

29
(51.8)

16
(28.6)

3
(5.4)

10
(17.9)

32
(57.1)

Abbreviation: LEV, levo�oxacin; IMP, imipenem; TOB, tobramycin; CTT, cefotetan; CAZ, ceftazidime; CRO, ceftriaxone; FEP, cefepime; GM, gentamicin; TZP, pip
CIP, cipro�oxacin; SXT, trimethoprim-sulfamethoxazole; F, nitrofurantoin; ETP, ertapenem; ATM, aztreonam; SAM, ampicillin/sulbactam; AMP, ampicillin; AN, a
extended-Spectrum β-Lactamases; E. coli, Escherichia coli; K. pneumoniae, Klebsiella pneumoniae; P. Aeruginosa, Pseudomonas aeruginosa; S, susceptible;
resistance.
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Table 4
Antibiotic resistance of Staphylococcus at Xixi Hospital, Hangzhou, China, 2013–2020

Antibiotic 2013 (n = 
14)

2014 (n = 
16)

2015 (n = 
15)

2016 (n = 
21)

2017 (n = 
14)

2018 (n = 
22)

2019 (n = 
23)

2020 (n = 
19)

Total
(n = 144)

CM 7 (50.0) 5
(31.3)

8
(53.3)

12 (57.1) 12 (85.7) 11 (50.0) 19 (82.6) 10 (52.6) 84
(58.3)

E 8
(57.1)

13 (81.3) 12 (80.0) 18 (85.7) 13 (92.9) 18 (81.8) 19 (82.6) 15 (78.9) 116
(80.6)

GM 2
(14.3)

3
(18.8)

3
(20. 0)

9 (42.9) 7 (50.0) 3 (13.6) 2
(8.7)

1
(5.3)

30
(20.8)

LZD 2 (14.3) 0 (0) 0 (0) 0(0) 1(7.1) 0(0) 0 (0) 0(0) 3(2.1)

OX 8
(57.1)

11 (68.8) 11 (73.3) 18 (85.7) 10 (71.4) 13 (59.1) 16 (69.6) 13 (68.4) 100
(69.4)

P 13 (92.9) 16 (100) 13 (86.7) 20 (95.2) 14 (100) 18 (81.8) 20 (87.0) 19 (100) 133
(92.4)

SXT 4
(28.6)

10 (62.5) 10 (66.7) 12 (57.1) 8 (57.1) 9 (40.9) 10 (43.5) 7 (36.8) 70
(48.6)

TE 3
(21.4)

4
(25.0)

7
(46.7)

4 (19.0) 3 (21.4) 4 (18.2) 9
(39.1)

5 (26.3) 39
(27.1)

VA 0 (0) 0 (0) 0 (0) 0(0) 0(0) 0(0) 0 (0) 0(0) 0(0)

LEV 3
(21.4)

4
(25.0)

4
(26.7)

9 (42.9) 3 (21.4) 7 (31.8) 5
(21.7)

8 (42.1) 43
(29.9)

Abbreviation: P, penicillin; OX, oxacillin; GM, gentamicin; LEV: levo�oxacin; SXT: trimethoprimsulfamethoxazole; E: erythromycin; LZD: linezolid; VA:
vancomycin; TE: tetracycline; CM: clindamycin.

Table 5
Multidrug-resistant patterns of the bacterial isolates among patients with HIV/AIDS at Hangzhou Xixi Hospital A�liated to Zhejiang Chinese Medical

University.

Bacterial Isolate R0 (N%) R1 (N%) R2 (N%) R3 (N%) R4 (N%) R5 (N%) ≥R6 (N%) Overall MDR (%)

gram-positive                

S. aureus(n = 17) 0 (0) 4 (23.5) 8 (47.1) 4 (23.5) 1 (5.9) 0 (0) 0 (0) 5 (29.4)

CoNs (n = 127) 4 (3.1) 10 (7.9) 28 (22.0) 31 (24.4) 29 (22.8) 19 (15.0) 6 (4.7) 85 (66.9)

Corynebacterium (n = 5) 0 (0) 2 (40.0) 2 (40.0) 1 (20.0) 0 (0) 0 (0) 0 (0) 1 (20.0)

Enterococcus (n = 5) 0 (0) 0 (0) 1 (20.0) 3 (60.0) 0 (0) 1 (20.0) 0 (0) 4 (80.0)

Streptococcus (n = 5) 1 (20.0) 3 (60.0) 0 (0) 1 (20.0) 0 (0) 0 (0) 0 (0) 1 (20.0)

Total (n = 159) 5 (3.1) 19 (11.9) 39 (24.5) 40 (25.2) 30 (18.9) 20 (12.6) 6 (3.8) 96 (60.4)

gram-negative                

E. coli (n = 18) 0 (0) 2 (11.1) 2 (11.1) 5 (27.8) 4 (22.2) 4 (22.2) 1 (5.6) 14 (77.8)

K. pneumoniae (n = 14) 0 (0) 5 (35.7) 3 (21.4) 0 (0) 1 (7.1) 1 (7.1) 4 (28.6) 6 (42.9)

Salmonella (n = 19) 4 (21.1) 3 (15.8) 6 (31.6) 6 (31.6) 0 (0) 0 (0) 0 (0) 6 (31.6)

P. Aeruginosa (n = 5) 1 (20.0) 0 (0) 0 (0) 0 (0) 0 (0) 3 (60.0) 1 (20.0) 4 (80.0)

Total (n = 56) 5 (8.9) 10 (17.9) 11 (19.6) 11 (19.6) 5 (8.9) 8 (14.3) 6 (10.7) 30 (53.6)

Fungus                

Candida (n = 5) 5 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Overall (n = 220) 15 (6.8) 29 (13.2) 50 (22.7) 51 (23.2) 35 (15.9) 28 (12.7) 12 (5.5) 126 (57.3)

Abbreviation: R0, nonresistance; R1, resistance for 1 antibiotic; R2, resistance for 2 antibiotics; R3, resistance for 3 antibiotics; R4, resistance for 4
antibiotics; R5, resistance for 5 antibiotics; R6, resistance for 6 and above; S. aureus, Staphylococcus aureus; CoNS, Coagulase-negative staphylococci; E.
coli, Escherichia coli; K. pneumoniae, Klebsiella pneumoniae; P. Aeruginosa, Pseudomonas aeruginosa; MDR, multi drug resistance.

Figures
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Figure 1

Bacterial isolate distributions in patients with HIV/AIDS with positive blood cultures at Hangzhou Xixi Hospital A�liated to Zhejiang Chinese Medical
University.
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Figure 2

Change trends for the prevalence of K. pneumoniae and ESBL-producing E. coli between 2013 and 2020.


