
O R I G I N A L  R E S E A R C H

Study on the Detection and Infection Distribution 
of Multidrug-Resistant Organisms in Different 
Specimens
Zhanjie Li1, Ying Zhang2, Weihong Zhang1, Yongxiang Zhang1, Suming Zhou3, Wensen Chen1, Yun Liu4,5

1Department of Infection Control, The First Affiliated Hospital of Nanjing Medical University, Nanjing, People’s Republic of China; 2Department of 
Infection Control, Lianshui County People’s Hospital, Huaian, People’s Republic of China; 3Department of Geriatric Critical Medicine, The First 
Affiliated Hospital of Nanjing Medical University, Nanjing, People’s Republic of China; 4Department of Information, The First Affiliated Hospital of 
Nanjing Medical University, Nanjing, People’s Republic of China; 5Department of Medical Informatics, School of BioMedical Engineering and 
Informatics, Nanjing Medical University, Nanjing, People’s Republic of China

Correspondence: Wensen Chen, Department of Infection Control, The First Affiliated Hospital of Nanjing Medical University, Nanjing, People’s 
Republic of China, Tel +86-13809049855, Email wensenchen@njmu.edu.cn; Yun Liu, Department of Information, The First Affiliated Hospital of 
Nanjing Medical University, No. 300 Guang Zhou Road, Nanjing, People’s Republic of China, Tel +86-18805152008, Email liuyun@njmu.edu.cn

Objective: To analyze the infection and distribution of multidrug-resistant organisms (MDRO) in different clinical specimens, 
thereby providing a reference for clinical diagnosis and treatment and prevention and control.
Patient and Methods: 2314 strains of MDRO isolated from clinical specimens in the First Affiliated Hospital of Nanjing Medical 
University from January to December 2020. MDRO were collected by Information System. The detection rate of MDRO, infection 
rate, the proportion of infection, and detection rate of MDRO infection in different specimens were analyzed.
Results: The top three specimens in the detection rate of MDRO were BALF (60.71%), sputum (33.68%), and blood (28.79%). The 
top three specimens in the proportion of MDRO infection were blood (97.74), other sterile body fluids (90.35%), and BALF (90.20%). 
The top three specimens in the MDRO infection rate were BALF (9.75%), sputum (3.07%), and secretions (2.90%). The top three 
specimens in the detection rate of MDRO infection were sputum (0.63‰), other sterile body fluids (0.13‰), and secretions (0.11‰).
Conclusion: The detection and infection distribution of MDRO vary greatly in different specimens. The submission of sterile body 
fluids for examination should be strengthened and the standard of sample collection should be highlighted.
Keywords: different specimens, MDRO, detection rate, infection, sterile body fluids

Introduction
In the past century, antibacterial drugs have played a key role in the fight against multiple infectious diseases in humans. 
However, the increasingly prominent multidrug-resistant organisms (MDRO) have brought severe challenges to clinical 
anti-infectious therapy.1 MDRO infection not only exacerbates the suffering of patients, increases the difficulty of 
treatment, slows down the recovery speed, but also prolongs the length of hospital stay, increases the cost of hospital 
stay, and even raises the clinical mortality.2–4 Inhibiting the development of MDRO and blocking the spread of MDRO 
have attracted extensive attention worldwide and also become significant obstacles for clinical medical staff and 
management departments at all levels to improve medical quality.5,6 At present, the overall detection and infection of 
MDRO have been well-documented in the existing studies, but how to further promote the fine management of MDRO 
and achieve precise prevention and control and medication is still worth further exploration.7–9 It has been reported that 
compared with MDRO colonization or infection, different culture sites have a greater impact on clinical results.10 This 
study retrospectively analyzed the detection and infection distribution of MDRO in different specimens of a large-scale 
general hospital at Grade III Level A, with the aim to provide a specific reference basis for clinical diagnosis and 
treatment and prevention and control of nosocomial infection.
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Materials and Methods
Research Objects
73,680 specimens from 158,051 inpatients in the First Affiliated Hospital of Nanjing Medical University from January to 
December 2020 were collected, of which 2314 strains of MDRO isolated by the clinical microbiology laboratory were 
selected as the research objects, including Methicillin-Resistant Staphylococcus Aureus (MRSA), Carbapenem-Resistant 
Enterobacteriaceae (CRE), Carbapenem-Resistant Acinetobacter Baumannii (CRAB), and Carbapenem-Resistant 
Pseudomonas Aeruginosa (CRPA). Duplicate strains in the same site of the same patient were eliminated.This study 
was approved by the hospital ethics committee and exempted from informed consent (2019-SR-075).

Research Methods
The specimens submitted for examination in the whole hospital from January to December 2020 were collected by Xinglin 
Real-Time Nosocomial Infections System and Laboratory Information System (LIS) and divided into 6 categories according 
to the source of the specimens, including 1) sputum (43.96%), 2) blood (17.77%), 3) urine (15.23%), 4) secretions (pus, 
wound secretion, etc.)(8.32%), 5) bronchoalveolar lavage fluid (BALF)(1.92%), 6) other sterile body fluids (cerebrospinal 
fluid, pleural fluid, ascites, bile, etc.) (12.79%). The MDRO detection rate, MDRO infection rate, the proportion of MDRO 
infection, and detection rate of MDRO infection in different specimens were compared and analyzed.

Diagnostic Criteria of Infection
The diagnostic criteria of nosocomial infection adopted the Diagnostic Criteria of Nosocomial Infection (Trial) issued by 
the Ministry of Health in 2001.11 The judgment criteria of MDRO infection adopted the unified consensus of interna-
tional experts.12

Calculation Formula
MDRO detection rate = (number of MDRO strains/number of strains corresponding to the pathogen) × 100%; MDRO 
infection rate = (number of MDRO infections/number of specimens submitted for examination in the same period) × 
100%; the proportion of MDRO infection = (number of MDRO infection cases/number of specific MDRO cases detected 
in the same period) × 100%; detection rate of MDRO infection = (number of MDRO infection cases/total number of 
inpatients in the same period) × 1000‰.

Bacterial Identification and Antimicrobial Susceptibility Test
Bacterial identification was performed using the VITEK-2 CompactV automatic bacterial identification instrument (Bio 
Mérieux, France) or API identification system (Bio Mérieux, France). Kirby-Bauer method (Oxide, Japan) was used in 
the antimicrobial susceptibility test. The infection point of inhibition zone in the Kirby-Bauer disk diffusion test and 
antimicrobial susceptibility results were interpreted according to the standards formulated by the Clinical and Laboratory 
Standards Institute (CLSL) in 2020.13 The quality control strains (Clinical Laboratory Center of National Health and 
Family Planning Commission) are as follows: Escherichia coli (ATCC 25922), Klebsiella pneumoniae (ATCC 700603), 
Staphylococcus aureus (ATCC 25923), Acinetobacter baumannii (ATCC 19606), Pseudomonas aeruginosa (ATCC 
278553), and Enterobacter cloacae (ATCC 700323).

Statistical Analysis
WPS 2019 software was used for data statistics and SPSS 23.0 software was used for data analysis. The enumeration data 
were expressed in frequency and percentage. Chi-square test or Fisher exact probability test was adopted for the 
comparisons among multiple groups. A value of P < 0.05 was indicated of statistical significance.
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Results
Detection Rate of MDRO in Different Specimens
The top three specimens in the detection rate of MDRO were BALF (60.71%), sputum (33.68%), and blood (28.79%) 
(P < 0.001). There were significant differences in the detection rates of different MDRO in different specimens (all 
P < 0.001). The top three specimens in the CRAB detection rate were BALF (89.47%), other sterile body fluids 
(79.27%), and blood (68.63%); the top three specimens in the CRE detection rate were BALF (42.11%), blood 
(18.95%), and sputum (17.47%); the top three specimens in the CRPA detection rate were other sterile body fluids 
(39.13%), blood (38.71%), and BALF (37.50%); the top three specimens in the MRSA detection rate were other sterile 
body fluids (71.93%), BALF (71.43%), and sputum (63.24%). The sputum specimens and MDRO-positive sputum 
specimens accounted for the highest proportion of all specimens (52.32% and 60.98%). Table 1 shows the detailed 
information.

Proportion of MDRO Infection in Different Specimens
The top three specimens in the proportion of MDRO infection were blood (97.74%), other sterile body fluids (90.35%), 
and BALF (90.20%) (P<0.001). There were significant differences in the proportion of MDRO infection in different 
specimens (all P < 0.05). As shown in Table 2, the top three specimens in the proportion of CRAB infection were blood 
(97.14%), other sterile body fluids (93.85%), and BALF (88.24%); the top three specimens in the proportion of CRE 
infection were blood (100%), secretions (94.74%), and BALF (87.50%); the top three specimens in the proportion of 
CRPA infection were BALF (100%), other sterile body fluids (85.19%), and blood (83.33%); the top three specimens in 
the proportion of MRSA infection were BALF (100%), blood (100%), and other sterile body fluids (95.12%).The details 
are shown in Table 2

Infection Rate of MDRO in Different Specimens
The top three specimens in the MDRO infection rate were BALF (9.75%), sputum (3.07%), and secretions (2.90%) (P < 
0.001). There were significant differences in the MDRO infection rate in different specimens (all P < 0.001). The top 
three specimens in the CRAB infection rate were BALF (5.30%), sputum (1.43%), and other sterile body fluids (0.65%); 
the top three specimens in the CRE infection rate were BALF (2.47%), other sterile body fluids (0.88%), and secretions 

Table 1 Detection Rate of MDRO in Different Specimens

Specimens Sputum Blood Urine Secretions BALF Other Sterile Body 
Fluids

Total Statistical 
Value

P

CRAB Positive strains 568 35 20 47 85 65 820

Strains 949 51 43 69 95 82 1289

Detection rate (%) 59.85 68.63 46.51 68.12 89.47 79.27 63.62 48.521 < 0.001

CRE Positive strains 352 65 101 57 40 95 710

Strains 2015 343 1180 465 95 631 4729

Detection rate (%) 17.47 18.95 8.56 12.26 42.11 15.06 15.01 109.626 < 0.001

CRPA Positive strains 276 12 16 22 18 27 371

Strains 885 31 82 111 48 69 1226

Detection rate (%) 31.19 38.71 19.51 19.82 37.50 39.13 30.26 15.395 0.009

MRSA Positive strains 215 21 10 116 10 41 413

Strains 340 37 22 292 14 57 762

Detection rate (%) 63.24 56.76 45.45 39.73 71.43 71.93 54.20 45.492 < 0.001

Total Positive strains 1411 133 147 242 153 228 2314

Strains 4189 462 1327 937 252 839 8006

Detection rate (%) 33.68 28.79 11.08 25.83 60.71 27.18 28.90 381.408 < 0.001

Statistical value 663.496 71.284 94.722 140.643 58.254 221.948 1438.159

P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Notes: The P value represents the comparison of detection rate of MDRO in different specimens.
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(0.88%); the top three specimens in the CRPA infection rate were BALF (1.27%), sputum (0.48%), and other sterile body 
fluids (0.24%); the top three specimens in the MRSA infection rate were secretions (1.14%), BALF (0.71%), and sputum 
(0.43%). The details are shown in Table 3.

Table 2 Proportion of MDRO Infection in Different Specimens

Specimens Sputum Blood Urine Secretions BALF Other Sterile 
Body Fluids

Total Statistical 
Value

P

CRAB Infected 463 34 14 39 75 61 686

Positive 568 35 20 47 85 65 820

Proportion of 
infection (%)

81.51 97.14 70.00 82.98 88.24 93.85 83.66 15.548 0.008

CRE Infected 237 65 70 54 35 83 544

Positive 352 65 101 57 40 95 710
Proportion of 

infection (%)

67.33 100 69.31 94.74 87.50 87.37 76.62 59.023 < 0.001

CRPA Infected 157 10 13 15 18 23 236

Positive 276 12 16 22 18 27 371

Proportion of 
infection (%)

56.88 83.33 81.25 68.18 100 85.19 63.61 25.488 < 0.001

MRSA Infected 138 21 8 70 10 39 286

Positive 215 21 10 116 10 41 413
Proportion of 

infection (%)

64.19 100 80.00 60.34 100 95.12 69.25 34.104 < 0.001

Total Infected 995 130 105 178 138 206 1752
Positive 1411 133 147 242 153 228 2314

Proportion of 

infection (%)

70.52 97.74 71.43 73.55 90.20 90.35 75.71 101.922 < 0.001

Statistical value 63.578 13.345 1.359 26.026 3.742 3.777 67.398

P < 0.001 0.004 0.715 < 0.001 0.291 0.287 < 0.001

Notes: The P value represents the comparison of proportion of MDRO infection in different specimens.

Table 3 Infection Rate of MDRO in Different Specimens

Specimens Sputum Blood Urine Secretions BALF Other Sterile 
Body Fluids

Total Statistical 
Value

P

CRAB Infected 463 34 14 39 75 61 686
Detected 32,390 13,094 11,221 6133 1416 9426 73,680

Infection rate (%) 1.43 0.26 0.12 0.64 5.30 0.65 0.93 536.904 < 0.001

CRE Infected 237 65 70 54 35 83 544
Detected 32,390 13,094 11,221 6133 1416 9426 73,680

Infection rate (%) 0.73 0.50 0.62 0.88 2.47 0.88 0.74 74.83 < 0.001

CRPA Infected 157 10 13 15 18 23 236
Detected 32,390 13,094 11,221 6133 1416 9426 73,680

Infection rate (%) 0.48 0.08 0.12 0.24 1.27 0.24 0.32 109.437 < 0.001

MRSA Infected 138 21 8 70 10 39 286
Detected 32,390 13,094 11,221 6133 1416 9426 73,680

Infection rate (%) 0.43 0.16 0.07 1.14 0.71 0.41 0.39 141.761 < 0.001

Total Infected 995 130 105 178 138 206 1752
Detected 32,390 13,094 11,221 6133 1416 9426 73,680

Infection rate (%) 3.07 0.99 0.94 2.90 9.75 2.19 2.38 615.874 < 0.001

Statistical value 270.316 52.345 98.239 37.146 74.66 40.044 313.847

P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Notes: The P value represents the comparison of infection rate of MDRO in different specimens.
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Detection Rate of MDRO Infection in Different Specimens
The top three specimens in the detection rate of MDRO infection were sputum (0.63‰), other sterile body fluids 
(0.13‰), and secretions (0.11‰) (P < 0.001). There were significant differences in the detection rate of MDRO infection 
in different specimens (all P < 0.001). As shown in Table 4, the top three specimens in the detection rate of CRAB 
infection were sputum (2.93‰), BALF (0.48‰), and other sterile body fluids (0.39‰); the top three specimens in the 
detection rate of CRE infection were sputum (1.50‰), other sterile body fluids (0.53‰), and urine (0.44‰); the top three 
specimens in the detection rate of CRPA infection were sputum (0.99‰), other sterile body fluids (0.15‰), and BALF 
(0.11‰); the top three specimens in the detection rate of MRSA infection were sputum (0.87‰), other sterile body fluids 
(0.25‰), and blood (0.13‰).The details are shown in Table 4.

Discussion
This study demonstrated that the detection rate of MDRO in BALF specimens (60.71%) was the highest, nearly twice higher 
than that in sputum specimens (33.68%). The specimens with the highest detection rates of four kinds of MDRO were mainly 
sterile body fluids including BALF, blood, and other sterile body fluids, which was basically consistent with the data in the 
China Antimicrobial Resistance Surveillance System (CARSS).14,15 The detection rates of CRAB, CRE, CRPA, and MRSA 
in BALF specimens in our hospital were 89.47%, 42.11%, 37.50%, and 71.43% respectively, which were higher than 80.4%, 
21.5% (CRKP, Carbapenem-resistant Klebsiella Pneumoniae), 26.5%, and 37.9% recorded in CARSS in 2019. The possible 
reason may be that CARSS members are national medical institutions at Grade II and above, while our hospital is at Grade III 
Level A with the strongest comprehensive strength in Jiangsu Province. Hence, the average critical degree of patients in our 
hospital is higher and more invasive operations are involved. Meanwhile, it also reflects that the detection rate of MDRO is 

Table 4 Detection Rate of MDRO Infection in Different Specimens

Specimens Sputum Blood Urine Secretions BALF Other Sterile Body 
Fluids

Total Statistical 
Value

P

CRAB Number of infections 463 34 14 39 75 61 686

Total number of 

inpatients

158,051 158,051 158,051 158,051 158,051 158,051 158,051

Detection rate of 

infection (‰)

2.93 0.22 0.09 0.25 0.48 0.39 4.34 1296.757 < 0.001

CRE Number of infections 237 65 70 54 35 83 544

Total number of 

inpatients

158,051 158,051 158,051 158,051 158,051 158,051 158,051

Detection rate of 

infection (‰)

1.50 0.41 0.44 0.34 0.22 0.53 3.44 297.98 < 0.001

CRPA Number of infections 157 10 13 15 18 23 236

Total number of 

inpatients

158,051 158,051 158,051 158,051 158,051 158,051 158,051

Detection rate of 

infection (‰)

0.99 0.06 0.08 0.10 0.11 0.15 1.49 425.021 < 0.001

MRSA Number of infections 138 21 8 70 10 39 286

Total number of 

inpatients

158,051 158,051 158,051 158,051 158,051 158,051 158,051

Detection rate of 

infection (‰)

0.87 0.13 0.05 0.04 0.06 0.25 1.81 261.002 < 0.001

Total Number of infections 995 130 105 178 138 206 1752

Total number of 

inpatients

158,051 158,051 158,051 158,051 158,051 158,051 158,051

Detection rate of 

infection (‰)

0.63 0.08 0.07 0.11 0.09 0.13 1.11 2056.985 < 0.001

Statistical value 268.663 52.226 98.026 36.887 72.856 39.838 312.849

P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Notes: The P value represents the comparison of Detection rate of MDRO infection in different specimens.
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underestimated due to the low proportion of sterile body fluids submitted for examination, which needs further attention. 
Moreover, the detection rate of MDRO in urine specimens (11.08%) was the lowest, which was similar to the results of 
Howard-Anderson et al.10 The proportion of infection can better reflect the proportion of pathogen infection in different 
specimens, and pathogenic bacteria are the pathogens that need to be found mostly in the process of clinical diagnosis and 
treatment to guide the use of antibiotics. This study showed that the top three specimens in the proportion of MDRO infection 
were all sterile body fluids (blood, other sterile body fluids, and BALF), with the proportion of infection over 90%, which was 
much higher than that of other specimens (70.25–73.55%), implying the higher diagnostic and guiding values of sterile body 
fluids in clinical diagnosis and treatment. Early identification of pathogenic bacteria is an important reference for the 
transformation from empirical medication to targeted treatment, and optimizing antibacterial drug therapy can reduce the 
risk of bacterial resistance.16 Barnes et al17 have found a correlation between bacterial resistance and antimicrobial usage in 
intensive care settings.18 Up to 50% of the course of antibacterial drug therapy may be inappropriate, and even a modest 
reduction in the usage of antibiotics can reduce the transmission of MDRO.

Moreover, this study demonstrated that sputum specimens accounted for 52.32% (4189/8006) of the total specimens and the 
number of MDRO infections accounted for 60.98% (1411/2314), more than the sum of other specimens, which were consistent 
with the data in the CARSS.19 The most common specimens for etiological examination of lower respiratory tract infection are 
sputum and BALF specimens. Sputum specimens are easy to be contaminated by oral colonization bacteria, but under normal 
circumstances, the alveoli are sterile. BALF specimens are the alveolar surface liquid collected after lavage of the pulmonary 
segment and subpulmonary segment by bronchoscope.20 Compared with sputum specimens, BALF specimens have higher 
sensitivity and specificity in the diagnosis of lower respiratory tract infection, less possibility of contamination, and a higher 
bacterial isolation rate. Compared with sputum, BALF specimens have higher sensitivity and specificity for the diagnosis of 
lower respiratory tract infection, less possibility of contamination, and high bacterial isolation rate, and their bacterial drug 
sensitivity results have greater significance in guiding the anti-infective treatment of the lower respiratory tract,14,21 which 
suggests that more sterile body fluid specimens such as BALF and blood should be sent for examination to identify pathogens 
early to guide the rational use of antibiotics.

In terms of the infection rate of MDRO, BALF specimens still ranked first (9.75%), followed by sputum specimens 
(3.07%) and secretion specimens (2.90%). The detection rate of infection in sputum specimens ranked first (0.63 ‰), 
which was related to the highest proportion of respiratory tract infection in all infections. At the same time, it also 
indicates that sputum specimens have great value in the diagnosis of infection as long as standardized collection and 
examination can be guaranteed.22 In addition, the collection of sputum specimens is relatively convenient and has wide 
application and operability in practical work. A domestic status survey23 has pointed out that in 2010, 63.10% of the 
clinical microbiology laboratory in hospitals conducted sputum smear microscopic examination of sputum culture and in 
2015, 87.17% of the clinical microbiology laboratory carried out this project. In 2015, 88.34% of sputum smear reports 
described the ratio of white blood cell count (WBC) to epithelial cells and the morphology of pathogens, and 62.58% 
described the phagocytosis of WBC. It not only reflects the progress in laboratory quality control of sputum specimens 
but also embodies the importance of standardized collection and examination.

This research involves a retrospective design, and there are still some limitations. Firstly, this study spans only 1 year 
and needs to include a longer period of study subjects to be more convincing.Secondly, this study included micro-
biological specimens from all inpatients, but did not distinguish between ICU (Intensive Care Unit) and non-ICU 
inpatients and could not precisely capture their differences.In the future, we will expand the study period and further 
investigate the detection and infection of MDRO in different specimens among different departments.

Conclusion
To sum up, there are significant differences in the detection and infection distribution of MDRO in different specimens. The 
detection rate and infection rate of MDRO in sterile body fluids are relatively high, which has greater clinical guiding value. 
Moreover, sputum specimens and other non-sterile specimens collected and examined in a standardized manner also have 
certain reference significance. Hence, the examination of sterile body fluids should be strengthened and the standard of sample 
collection should be highlighted. It also provides reference for the antimicrobial drug management team to effectively guide 
the rational application of antimicrobial drugs, curb the spread of drug-resistant bacteria, and ensure medical safety.
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Abbreviation
MDRO, Multidrug-resistant organisms; MRSA, Methicillin-Resistant Staphylococcus Aureus; CRE, Carbapenem- 
Resistant Enterobacteriaceae; CRPA, Carbapenem-Resistant Pseudomonas Aeruginosa; LIS, Laboratory Information 
System; CLSL, Clinical and Laboratory Standards Institute; WBC, White blood cell count; CRKP, Carbapenem- 
resistant Klebsiella Pneumoniae; ICU, Intensive Care Unit.
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