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Abstract 32 

Aim: To calculate the incremental cost of nosocomial bacteremia caused by the most common 33 

organisms, classified by their antimicrobial susceptibility. 34 

Methods: We selected patients who developed nosocomial bacteremia caused by 35 

Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, or Pseudomonas aeruginosa. 36 

These microorganisms were analyzed because of their high prevalence and they frequently 37 

present multidrug resistance. A control group consisted of patients classified within the same 38 

all-patient refined-diagnosis related group without bacteremia. Our hospital has an established 39 

cost accounting system (full-costing) that uses activity-based criteria to analyze cost 40 

distribution. 41 

A logistic regression model was fitted to estimate the probability of developing bacteremia for 42 

each admission (propensity score) and was used for propensity score matching adjustment. 43 

Subsequently, the propensity score was included in an econometric model to adjust the 44 

incremental cost of patients who developed bacteremia, as well as differences in this cost, 45 

depending on whether the microorganism was multidrug-resistant or multidrug-sensitive. 46 

Results: A total of 571 admissions with bacteremia matched the inclusion criteria and 82,022 47 

were included in the control group. The mean cost was � 25,891 for admissions with 48 

bacteremia and � 6,750 for those without bacteremia. The mean incremental cost was 49 

estimated at � 15,151 (CI, � 11,570 to � 18,733). Multidrug-resistant P. aeruginosa bacteremia 50 

had the highest mean incremental cost, � 44,709 (CI, � 34,559 to � 54,859). Antimicrobial-51 

susceptible E. coli nosocomial bacteremia had the lowest mean incremental cost, � 10,481 (CI, 52 

� 8,752 to � 12,210). Despite their lower cost, episodes of antimicrobial-susceptible E. coli 53 

nosocomial bacteremia had a major impact due to their high frequency. 54 
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Conclusions: Adjustment of hospital cost according to the organism causing bacteremia and 55 

antibiotic sensitivity could improve prevention strategies and allow their prioritization 56 

according to their overall impact and costs. Infection reduction is a strategy to reduce 57 

resistance.  58 
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Introduction 59 

Bacteremia is a severe infection with high mortality rates. Nosocomial bacteremia 60 

constitutes an important part of healthcare related infections. In a study conducted in 12 61 

Spanish hospitals that aimed to evaluate the costs of adverse events, healthcare infections 62 

were the group with highest incremental costs, representing 64.2% of the total cost of 63 

episodes with adverse events [(1)]. Nosocomial bacteremia increases length of stay, hospital 64 

costs and mortality rates, as it can trigger more serious events such as septic shock, 65 

occasionally with multiple organ failure, and death. The incidence rate of nosocomial 66 

bacteremia has been estimated to be between 113 and 189/100,000 inhabitants per year, with 67 

an associated mortality of between 21 and 38/100,000 per year [(2)]. The additional per-68 

patient cost at hospital level has been estimated at � 14,735 [(3)] or � 12,853 [(4)]. In a 69 

systematic review that analyzed variations in analytical methods to estimate the incremental 70 

costs of nosocomial infections, the results for nosocomial bacteremia varied from $ 5,875 to $ 71 

86,500 [(5)]; this disparity reflects differences in patient characteristics, the type of infection, 72 

the causative microorganisms, and the calculation methods. 73 

Bacteremia caused by multidrug-resistant microorganisms has a worse prognosis than 74 

that is caused by antimicrobial-susceptible microorganisms, because multidrug resistance 75 

delays and reduces the choice of appropriate treatment. Consequently, adverse effects could 76 

be more frequent and the selected antimicrobials are usually more expensive and, due to their 77 

broader spectrum, could promote the development of new antimicrobial resistances [(6), (7), 78 

(8)]. Population-based studies have estimated the additional costs of antimicrobial resistance 79 

at $ 20 billion in the USA [(9)] and 1.5 billion annually in Europe, of which more than 900 80 

million are direct hospital costs [(10)]. In the case of bacteremia, the excess cost of multidrug 81 

resistance has been estimated at $16,918 per patient [(11)]. Unfortunately, the prevalence of 82 
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multidrug resistant microorganisms is constantly growing, despite various strategies for 83 

prevention, which is a concern for health professionals [(9), (10)]. 84 

The excess cost associated with nosocomial bacteremia is avoidable and can be used 85 

as a measure of the impact of these infections. However, some authors have suggested that 86 

traditional methods overestimate the incremental cost due to the presence of various types of 87 

bias. First, the possibility of developing nosocomial bacteremia is due, in part, to length of 88 

exposure. Consequently, a longer hospital stay increases the risk of acquiring an infection. In 89 

addition, a hospital-acquired infection increases the length of stay, converting the length of 90 

stay into a variable directly related to a time-dependent bias [(12), (13)]. Further biases can 91 

also be related to the lack of complete information on all confounding variables (default 92 

variable bias) or if the sample analyzed does not include adequate control cases (selection 93 

bias) [(13)-(14)]. 94 

The main source of cost is hospital analytical cost accounting, which includes the cost 95 

of all activities conducted in the process of providing healthcare to hospitalized patients and all 96 

relevant cost typologies [(15)]. 97 

Due to the difficulty of identifying the multitude of activities performed in a hospital, 98 

currently few hospitals have developed detailed per patient cost accounting. Consequently, 99 

most studies analyzing bacteremia costs are based on secondary estimates rather than real 100 

costs [(5), (16)-(17)].  These methodologies lose sensitivity in showing the variability of costs 101 

due to the specific circumstances that affect the type and number of activities performed in 102 

the treatment of each patient according to their characteristics and needs. The use of costs 103 

based on analytical cost accounting systems ensures that the variability of clinical practice is 104 

sufficiently captured in terms of resource use. A recently published study on the economic 105 

impact of adverse events showed the advantages and strengths of the use of activity-based 106 

costing and full costing techniques in healthcare economic evaluation [(1)]. 107 



7 
 

Differentiating the incremental cost of bacteremia by microorganisms according to 108 

their antimicrobial sensitivity or resistance would contribute to a better understanding of the 109 

magnitude of the economic burden of resistance. In addition, such an analysis would help to 110 

evaluate the effectiveness of initiatives attempting to antimicrobial resistance and would 111 

provide valuable information on the areas that should be prioritized to control healthcare 112 

infections [(18), (19)(20) (21)]. 113 

Objective  114 

The main aim of the study was to calculate the incremental cost of nosocomial bacteremia 115 

caused by the most common organisms, classified by antibiotic sensitivity. 116 

Material and methods 117 

A retrospective study was conducted at Hospital del Mar, Barcelona, a teaching 118 

hospital equipped with 400 beds that provides medical and surgical care and has a catchment 119 

area of 300,000 inhabitants. 120 

The study population consisted of patients admitted to the hospital from 2005 to 121 

2012. All discharges were classified with the all-patient refined-diagnosis-related group (APR-122 

DRG) v. 24.0 grouper. Admitted patients who developed nosocomial bacteremia caused by 123 

Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae or Pseudomonas aeruginosa 124 

and all control patients classified within the same APR-DRG groups were selected. These 125 

microorganisms were analyzed because of their high prevalence, and, in our environment, 126 

often have multidrug resistance.  127 

Nosocomial bacteremia was defined according to the Center for Disease Control 128 

definitions [(22),]. Magiorakos[(23)] criteria were used to identify multidrug resistant 129 

microorganisms (Table 1). 130 
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Admissions grouped into non-specific APR-DRG were excluded. Patients with two or 131 

more episodes of bacteremia during the same hospital stay were also excluded because of 132 

their specific risk factors [(24)]. 133 

The dependent variable was the cost of the hospitalization episode. The main 134 

explanatory variable was the presence of nosocomial bacteremia. Additional study variables 135 

were age and sex, type of admission (emergency or elective), type of treatment (medical or 136 

surgical), discharge status (alive or deceased), admission diagnosis, the presence of 137 

complications, level of comorbidities as measured by the Elixhauser index [(1)], intensive care 138 

unit (ICU) admission, and length of hospital stay (in days) prior to bacteremia detection. 139 

The total costs of hospital admissions with nosocomial bacteremia caused by the 140 

selected microorganisms were analyzed by taking into account the antimicrobial susceptibility 141 

of each microorganism. This group of patients was compared with the control group. 142 

Clinical information on the hospitalization process of each patient included in the study 143 

was obtained from the minimum dataset of hospital discharges and from the hospital 144 

information system, which has an established cost accounting systems (full-costing) in which 145 

cost distribution is based on activity-based criteria[25]. All costs were adjusted to 2012 price 146 

levels according to the national price index published by Spain�s National Institute of Statistics 147 

[(26)]. Admissions with bacteremia were identified using the dataset collected by the infection 148 

control department, which prospectively follows up all episodes of bacteremia. 149 

A descriptive analysis was performed of all variables of admissions with and without 150 

bacteremia and of microorganism sensitivity. The Chi-square test was used to compare 151 

categorical variables and the comparison of mean values was performed using ANOVA test. 152 

A logistic regression was fitted to estimate, for each admission, the probability of 153 

developing bacteremia (propensity score) and was used for propensity score matching 154 
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adjustment [(27)]. Subsequently, the propensity score was included in an econometric model 155 

to adjust the incremental cost of patients who developed bacteremia, as well as differences in 156 

this cost, depending on whether the microorganism was multidrug-resistant or multidrug-157 

sensitive. 158 

The study was approved by the Ethics Committee for Clinical Research of Hospital del 159 

Mar, Parc de Salut Mar. Any patient-level data was anonymized, and no additional informed 160 

consent was required. 161 

Results 162 

There were 177,378 discharges in the study period, of which 0.96% had an episode of 163 

bacteremia (n = 1,703). Of these, 669 (39.3%) were episodes of nosocomial bacteremia caused 164 

by the above-mentioned microorganisms. Finally, 571 admissions with bacteremia met the 165 

inclusion criteria and 82,022 treated in the same period and grouped in the same APR-DRG 166 

who did not develop nosocomial bacteremia were included in the control group. Table 2 shows 167 

the characteristics of the selected episodes. At hospital admission, patients from both groups 168 

had similar levels of comorbidities (Elixhauser index) and requirements for surgical 169 

intervention, although patients who developed bacteremia were more likely to be admitted to 170 

the ICU and had higher mortality and resource consumption (measured by APR-DRG weight 171 

and average cost). 172 

Among the 571 episodes with bacteremia, the most frequently isolated microorganism 173 

was E. coli (184 episodes), followed by S. aureus (108 episodes). The least frequent 174 

microorganism was P.  aeruginosa (86 episodes), which nevertheless showed the highest 175 

percentage (40.7%) of episodes with multidrug resistance. Overall, 29.2% of microorganisms 176 

showed multidrug resistance (Table 3). About 16% of nosocomial bacteremia were 177 

polymicrobial. 178 
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The total cost was � 568,464,250. The 571 admissions with bacteremia represented 179 

0.69% of analyzed admissions and 2.6% of total observed cost (Table 4). 180 

The mean cost of admissions with bacteremia was � 25,891. Nosocomial bacteremia 181 

caused by multidrug-resistant P. aeruginosa was the most costly with a mean observed cost of 182 

� 38,872; episodes caused by multidrug-resistant E. coli had the lowest mean cost, � 16,754 183 

(Table 4). 184 

The mean incremental cost was estimated at � 15,151 (CI, � 11,570 to � 18,733) and 185 

was related to an increase of � 8,651,221 in total hospital costs. As shown in Table 5, 186 

multidrug-resistant P. aeruginosa bacteremia had the highest incremental cost, � 44,709 (CI � 187 

34,559 to � 54,859). Despite being one of the less common microorganisms, P. aeruginosa had 188 

a substantial impact on total costs, amounting to � 1,564,817. The mean incremental cost was 189 

� 8,872 for multidrug-resistant E. coli bacteremia and was � 10,481 (CI � 8,752 to � 12,210) for 190 

antimicrobial-susceptible E. coli nosocomial bacteremia, which represented the second highest 191 

total cost (� 1,519,735). Despite its lower mean incremental cost compared with other 192 

causative agents, antimicrobial-susceptible E. coli nosocomial bacteria had a major impact due 193 

to its high frequency. 194 

Multidrug-sensitive nosocomial polymicrobial bacteremia also had a major impact on 195 

cost, amounting to � 19,009 (CI � 14,917 to � 23,100 IC), and represented a total incremental 196 

cost of � 1,311,987. 197 

Discussion 198 

The 571 admissions developing nosocomial bacteremia during the 8 years analyzed 199 

increased total hospital costs by � 8,651,221, more than � 1,000,000 per year. The mean 200 

additional cost was � 15,151 per admission. Substantial differences were found between 201 
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organisms. Multidrug-resistant P. aeruginosa bacteremia had the highest economic impact, 202 

with a mean incremental cost of � 44,709. 203 

The characteristics and implications of the S. aureus bacterium have been constantly 204 

studied since the first epidemic of methicillin-resistant S. aureus (MRSA) in the 1960s [(28)]. 205 

The observed costs related to multidrug-sensitive S aureus (MSSA) ranged from $ 9,839 to $ 206 

59,245. Reported costs for MRSA have ranged from $ 11,045 to $ 84,436 [(29), (30)]. A study 207 

analyzing patients with S. aureus bacteremia in 27 Spanish hospitals [(30)] reported that the 208 

cost of MSSA was � 9,839 and the cost of MRSA was � 11,044, slightly lower than those found 209 

in the present work. 210 

Two previous studies have evaluated the cost of MRSA bacteremia compared with 211 

MSSA bacteremia using propensity score matching techniques, although their findings are not 212 

clearly comparable with those of this study. The first [(31)] included community-acquired 213 

bacteremia in selected cases; the estimated cost was $ 8,355 (MSSA) vs. $ 9,369 (MRSA). The 214 

second [(32)] analyzed the cost of patients with and without ICU admission separately; among 215 

the former, those who developed MRSA bacteremia were associated with higher costs (with 216 

an odds ratio of 2 relative to MSSA), while non-ICU patients showed no significant difference in 217 

cost. 218 

E. coli was the most frequent bacteremia found in this study (32.2% of total episodes) 219 

and showed the lowest multidrug resistance (21.2%). Its mean incremental cost estimate was 220 

lower than those of other microorganisms but it had the second highest total economic impact 221 

due to its high frequency. The adjusted cost of multidrug-resistant E. coli was lower than that 222 

for multidrug-sensitive episodes. 223 

E. coli is one of the most frequent microorganisms causing bacteremia, whether 224 

hospital- or community-acquired [(33)(34)(35)], and has an increasing share of multidrug 225 

resistance [13, 36]. Nevertheless, very few studies have analyzed the impact of this 226 
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microorganism on hospital cost. This could be because E. coli bacteremia usually results from 227 

urinary tract infections, which are generally low-severity and produce few complications. 228 

However, because of its frequency, this microorganism warrants study. 229 

In a systematic review of the economic impact of multidrug resistance [(17)], only one 230 

of the studies described the costs of E. coli bacteremia and found observed mean costs of � 231 

13,709 for multidrug-resistant microorganism, � 8,683 for multi-sensitive microorganism and � 232 

5,026 for those related to multidrug resistance; these costs are lower than those observed in 233 

our cohort with this organism, which can be explained by the inclusion of community-acquired 234 

bacteremia episodes. 235 

Other studies mentioned in the same review analyzed the costs of infections caused by 236 

E. coli and K. pneumoniae and included different types of infections, not only bacteremia. In 237 

our study, the mean observed cost was � 21,883 for E. coli multidrug-sensitive episodes, � 238 

16,754 for multidrug-resistant episodes, � 25,222 for multidrug-sensitive K. pneumoniae 239 

episodes and � 35,100 for multidrug-resistant episodes. The results were considerably higher 240 

for K. pneumoniae episodes; consequently, although both microorganisms belong to the same 241 

family, their inclusion in the same study does not seem an appropriate strategy. The cost 242 

described in the above-mentioned review and attributable to multidrug resistance for both 243 

microorganisms ranged from $ 1,587 to $ 30,093. The authors attribute this substantial 244 

disparity to the differences in cost of living among the countries included in the study. We 245 

believe that this may explain some of the differences but that differences in the patients 246 

enrolled and in calculation methods may also have had an influence. 247 

An analysis of the cost of infections (except urinary tract infections) caused by E. coli 248 

and K. pneumoniae also found high incremental costs, with a mean cost of $ 41,353 for 249 

multidrug-resistant and $ 24,902 for multidrug-sensitive microorganisms [(36)]. Likewise, in 250 

patients with multidrug-resistant E. coli or K. pneumoniae nosocomial infection,  Roberts et al 251 
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[8] found a mean cost of $ 39,403, similar to our results for bacteremia caused by multidrug-252 

resistant K pneumoniae (� 35,100) but clearly higher than the mean cost of bacteremia caused 253 

by multidrug-resistant E. coli (� 16,754). 254 

P. aeruginosa was the microorganism with the highest proportion of multidrug 255 

resistance and also showed a higher estimated incremental cost for both multidrug-sensitive 256 

episodes (� 16,042) and multidrug-resistant episodes  (� 44,709). These results are consistent 257 

with those found by our team in a previous study, in which the cost of infection/colonization 258 

by P. aeruginosa was � 4,933 for multidrug-sensitive episodes and � 12,351 for multidrug-259 

resistant episodes, despite the lower costs in our study; however, in that study, bacteremia as 260 

well as infection and colonization were included in the cost analysis [(21)]. Findings from other 261 

studies show higher costs in patients infected with or colonized by P. aeruginosa. For episodes 262 

with imipenem-resistance the mean hospital post-culture cost was $ 251,495 for multidrug-263 

resistant microorganisms and was $ 166,196 for multidrug-sensitive microorganisms [(20)]. 264 

Neidell et al [(37)] found an incremental cost of $ 25,300 for infection with multidrug-resistant 265 

P. aeruginosa compared to multidrug-sensitive P aeruginosa. These results are very similar to 266 

the findings of the present study, since the estimated cost of nosocomial episodes of 267 

multidrug-resistant P. aeruginosa bacteremia was � 28,667 higher than that of multidrug-268 

sensitive P. aeruginosa bacteremia. Nevertheless, the high levels of cost found in these 269 

analyses may be because most infections caused by P. aeruginosa occur in advanced stages of 270 

illness or in immunocompromised patients [(20)]. 271 

There is evidence that a significant proportion of nosocomial infections could be 272 

avoided. Findings from a review article suggest that the figure could be higher than 20% [(38)]. 273 

Some authors believe that the ability of experts to properly compare the effectiveness of 274 

prevention strategies for nosocomial infections is severely limited by the multiplicity of 275 

pathogens and the changing epidemiology of multidrug resistance in different centers [(39)]. 276 
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As clearly shown in literature, several strategies to prevent nosocomial infections and reduce 277 

antibiotic resistance have been implemented [(40) (41) (42) (43)]. Nevertheless, most of the 278 

reported experiences have been conducted in strongly controlled environments, such as ICUs, 279 

where, in the USA [(44)], a 58% reduction in nosocomial catheter-related bacteremia was 280 

estimated in 2008 compared with 2004. In addition, after application of specific hospital 281 

programs, two studies found decreases of 41.7% [(41)] and 73.9% [(42)] in bacteremia 282 

associated with central venous catheters.  283 

The success of clinical measures in reducing antimicrobial resistance has varied [(9), 284 

(10), (18)] and some measures have had substantial success, such as in Denmark, where the 285 

rate of MRSA bacteremia decreased from 32% in 1968 to less than 2% in the last few years 286 

[(28)]. 287 

This study analyzed the hospital costs of all nosocomial bacteremia caused by the most  288 

common organisms in a tertiary-care teaching hospital in Barcelona. The aim was to expand 289 

the findings of other studies that included only a single microorganism in the analysis and 290 

which were often based on a single outbreak of bacteremia or on bacteremia in a single 291 

hospital area. The analytical structure of our study has limitations: first, we used information 292 

from a single hospital center, which could affect extrapolation of the results. Second, we 293 

excluded health care-associated bacteremia, which is always the result of a previous contact 294 

with the hospital. Thus, the episode of hospitalization represents an entirely avoidable cost. 295 

Finally, costs were calculated from the perspective of the hospital and inpatient care. 296 

The strength of this study lies in the exhaustiveness and thoroughness of the process 297 

of identifying bacteremia. Episodes were selected according to the protocols of the 298 

professionals involved in the infection control program and not by using administrative 299 

databases, as often occur in similar studies. It has been estimated that administrative-only 300 

information identifies only 20% of infections [(45)]. Importantly, this study analyzed real 301 
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hospital costs elaborated with an activity-based costing system instead of tariffs or estimates 302 

from other sources. 303 

In line with the results of other authors [(12), (13)], our results showed that length of 304 

hospital stay is an important factor that should always be taken into account and controlled 305 

for. Admissions with bacteremia, on average, developed the infection on the 14th day of stay 306 

while admissions without bacteremia had a mean length of stay of 10 days; in other words, 307 

admissions without bacteremia are discharged before the date when bacteremia usually 308 

develops. In this analysis we used a propensity-score matching approach to minimize potential 309 

time-dependent bias and selection bias. 310 

This study also highlights the importance of conducting interventions to control 311 

multidrug resistance, as conducted in some hospitals by implementing specific programs 312 

[(46)]. 313 

The adjustment of hospital cost for the organism causing bacteremia and for antibiotic 314 

sensitivity allows prevention strategies to be improved and prioritized according to their global 315 

impact and costs. Importantly, infection reduction is a strategy to reduce antimicrobial 316 

resistance. 317 
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Table 1. Criteria used to identify multidrug-resistant microorganisms 463 

Microorganisms Antimicrobial category Antimicrobial agents 

E. coli*                          

K. pneumoniae* 

Aminoglycosides 

Amikacin 

Gentamicin 

Tobramycin 

Carbapenems 

Ertapenem 

Imipenem 

Meropenem 

1st or 2nd generation cephalosporins  
Cefazoline 

Cefuroxime 

3rd or 4th generation cephalosporins  

Cefotaxime 

Ceftazidime 

Cefepime 

P. aeruginosa* 

Aminoglycosides 

Amikacin 

Gentamicin 

Tobramycin 

Monobactams Aztreonam 

Cephalosporins with antipseudomonal 
activity 

Ceftazidime 

Cefepime 

Quinolones 
Ciprofloxacin 

Levofloxacin 

Ureidopenicillins   
Piperacillin + 
Tazobactam 

Carbapenems  
Imipenem 

Meropenem 

Polymyxins Colistin 

 Penicillins 

Oxacillin 

S. aureus** 

Cloxacillin 

Methicillin 

Glycopeptides Vancomycin 

* Microorganisms were considered to be multidrug-resistant if identified as such by the 464 
microbiologist or if they had developed resistance to three or more antibiotics family. 465 
 466 
** Microorganisms were considered to be multidrug-resistant if they developed resistance to 467 
one antibiotic family.  468 
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Table 2. Patients without and with bacteremia, characteristics, and average cost of the episode 469 

 
Patients  Patients with bacteremia 

 
  

without 

bacteremia 

antibiotic-

sensitive 

multidrug-

resistent 

  P-

value 

Number of patients 82,022 
 

404 
 

167 
  Male sex  (N, %) 43,256 52.7 249 61.6 101 60.5 <0.000 

Age (mean, SD) 67.1 17.0 64.7 15.8 67.2 14.7 0.017 
Urgent admission  (N, %) 53,171 64.8 291 72.0 126 75.4 <0.000 
Surgical patient  (N, %) 34,534 42.1 193 47.8 67 40.1 0.062 
Intensive care unit admission (N, 
%) 4,508 5.5 128 31.7 51 30.5 <0.000 
Exitus  (N, %) 3,852 4.7 112 27.7 52 31.1 <0.000 
Elixhauser index  (mean, SD) 2.6 1.9 2.6 1.7 2.8 1.9 0.428 
APR-DRG  weight (mean, SD) 1.1539 0.8405 1.9435 2.2947 1.8310 2.0532 <0.000 
Length of hospital stay   (mean, 
SD) 10.8 10.3 32.2 28.0 37.2 24.4 <0.000 
Length of hospital stay prior to 
bacteremia  (mean, SD) -  

 

14.5 15.2 18.5 13.4 -   
Total cost observed   (mean, SD) 6,750 7,619 24,960 31,154 28,143 23,964 <0.000 

Abbreviation: APR-DRG = all-patient refined-diagnosis related group.  470 
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Table 3. Distribution of bacteremia according to the causative organism and its antibiotic 471 
sensitivity. 472 

 
multidrug-sensitive multidrug-resistant 

   N % N % Total 

S. aureus 70 64.8 38 35.2 108 

E. coli 145 78.8 39 21.2 184 

K. pneumoniae 69 67.6 33 32.4 102 

P. aeruginosa 51 59.3 35 40.7 86 

Polimicrobial 69 75.8 22 24.2 91 

Total 404 70.8 167 29.2 571 
  473 
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Table 4. Average and total cost among all patients according to the causative organism and its 474 
antibiotic sensitivity. 475 

   
Observed cost 

Patients N %  mean total 

Without bacteremia 82,022 99.3 6,750 553,680,489 

With bacteremia 571 0.69 25,891 14,783,761 

Total 82,593 100.0 6,883 568,464,250 

Microorganism group         

S. aureus (MDSM) 70 12.3 22,851 1,599,541 

S. aureus (MDRM) 38 6.7 24,468 929,792 

E. coli (MDSM) 145 25.4 21,883 3,173,003 

E.coli (MDRM) 39 6.8 16,754 653,392 

K. pneumoniae (MDSM) 69 12.1 25,222 1,740,292 

K. pneumoniae (MDRM) 33 5.8 35,100 1,158,312 

P. aeruginosa (MDSM) 51 8.9 30,201 1,540,266 

P. aeruginosa (MDRM) 35 6.1 38,872 1,360,505 

Polymicrobial (MDSM) 69 12.1 29,431 2,030,733 

Polymicrobial (MDRM) 22 3.9 27,179 597,938 

Total number of patients with 
bacteremia 571 100.0 25,891 14,783,775 

MDSM = multidrug-sensitive microorganism; MDRM = multidrug-resistant microorganism 476 

  477 
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Table 5. Average incremental cost and impact on cost  of the distinct causative organisms and 478 
their antibiotic sensitivity. 479 

 
Patients Incremental cost Impact on costs 

Microorganism group N % Mean 
Confidence 

interval Total % 

S. aureus (MDSM) 70 12.3 9,350 7,215 11,485 654,500 7.6 

S. aureus (MDRM) 38 6.7 14,372 10,426 18,317 546,136 6.3 

E. coli (MDSM) 145 25.4 10,481 8,752 12,210 1,519,745 17.6 

E.coli (MDRM) 39 6.8 8,872 6,588 11,155 346,008 4.0 

K. pneumoniae (MDSM) 69 12.1 13,864 11,019 16,709 956,616 11.1 

K. pneumoniae (MDRM) 33 5.8 18,208 12,663 23,754 600,864 6.9 

P. aeruginosa (MDSM) 51 8.9 16,042 11,956 20,127 818,142 9.5 

P. aeruginosa (MDRM) 35 6.1 44,709 34,559 54,859 1,564,815 18.1 

Polymicrobial (MDSM) 69 12.1 19,009 14,917 23,100 1,311,621 15.2 

Polymicrobial (MDRM) 22 3.9 15,138 6,932 23,344 333,036 3.8 

Total 571 100 15,151 11,570 18,733 8,651,221 100.0 

MDSM = multidrug-sensitive microorganism; MDRM = multidrug-resistant microorganism 480 
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Key points  

This article analyzes the costs of nosocomial bacteremia caused by the most common microorganisms 

in a tertiary university hospital. The aim was to provide information on a little discussed aspect of 

nosocomial bacteremia, namely the causative source. 
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Abstract 

Background: 

To estimate the incremental cost of nosocomial bacteremia according to the causative focus 

and classified by antibiotic sensitivity of microorganism. 

Methods:  

Patients admitted to the hospital from 2005 to 2012 were included in the study. We 

analyzed total hospital costs of patients with nosocomial bacteremia caused by microorganisms with 

high prevalence or multidrug-resistance. A control group was defined selecting patients without 

bacteremia in the same DRG group.  

Our hospital has a cost accounting system (full-costing) that uses activity-based criteria to 

estimate per-patient costs. 

A logistic regression was fitted to estimate the probability of developing bacteremia 

(propensity score) and used for propensity score matching adjustment. This propensity score was 

included in an econometric model to adjust the incremental cost of patients with bacteremia 

differentiating for causative focus and antibiotic sensitivity. 

Results:   

The total cost was � 568,464,250. The 571 admissions with bacteremia represented 0.69% of 

selected admissions and 2.6% of total observed cost. The mean incremental cost was � 15,526 (CI, � 

11,230 to � 19,822). The highest incremental costs were found for primary or unknown sources of 

bacteremia: � 26,082 for antimicrobial-susceptible bacteremia, � 29,186 for multidrug-resistant 

bacteremia. Bacteremia caused by multidrug-sensitive urine infection had the lowest incremental 

cost, � 6,786.  
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Conclusions:  

Bacteremia was associated with an annual increase of � 1,108,190 over total hospital costs. 

Accurate information about source and antibiotic sensitivity of the causative organism provides a 

helpful tool for improving the outline of the problem and, consequently, to establish and prioritize 

strategies for its prevention.   
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Introduction  

Nosocomial infections are one of the main adverse effects of healthcare. In a study of the costs 

of adverse events conducted in 12 Spanish hospitals, these infections represented 64.2% of the total 

cost of adverse events [1]. Bacteremia worsens the prognosis of infections, since it can trigger septic 

shock, with multiorgan failure, which increases mortality, hospital stay, and costs.   

In Spanish hospitals, the prevalence of nosocomial infections in 2014 was 5.6% of admitted 

patients and a substantial proportion of these infections, 15.3%, were bloodstream infections [2]. The 

cost increase of hospital care due to the presence of bacteremia covers a wide range, oscillates 

between $5,875 and $86,500 [3] due to the wide variation in patient profiles, the type of infection, 

the causative microorganisms, and calculation methods. The few analyses including all patients in a 

hospital have reported excess costs of 14,735� [4] and 12,853� [5]. These costs increase when the 

causative microorganism is resistant to antimicrobials, since the costs of bacteremia episodes caused 

by multiresistant organisms have been estimated to exceed those of episodes caused by multisensitive 

organisms by $16,918 [6]. 

The development of an infection and the consequent risk of bacteremia while a patient is 

receiving healthcare is often a problem of healthcare quality. The associated excess costs are used as 

a measure of the impact of these infections, although some authors have suggested that traditional 

ways of calculating these costs overestimate the increase due to the existence of various types of bias 

[3, 7, 8]. 

Analytic accounting evaluates the cost of all interventions in patients while receiving 

healthcare and incorporates all relevant costs [9]. Therefore, it can be considered as the best cost 

calculation method, since it faithfully reflects variability in clinical practice, even though, due to its 

complexity, this form of accounting is only available in a few hospitals. The above-mentioned study of 

the economic impact of adverse events in 12 Spanish hospitals [1] demonstrated the strengths of using 

full costing techniques compared with the secondary estimates employed in many studies [3, 10, 11]. 

Consequently, this strategy may be useful to identify the cost of bloodstream infections according to 
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the causative focus, since it provides information for prioritizing resources to reduce this problem and 

allows evaluation of the effectiveness of initiatives to reduce them [12-15].  

The main aim of the study was to calculate the incremental cost of nosocomial bacteremia 

according the causative focus, classified by the antibiotic sensitivity of the causative organism. 

 

METHODS 

A retrospective study was conducted at Hospital del Mar, Barcelona, a teaching hospital 

equipped with 400 beds and providing medical and surgical care. The hospital has a catchment area 

of 300,000 inhabitants. 

The study population consisted of patients admitted to the hospital from 2005 to 2012. All 

discharges were classified with the all-patient refined-diagnosis-related group (APR-DRG) v. 24.0 

grouper. We selected admitted patients developing nosocomial bacteremia caused by Staphylococcus 

aureus, Escherichia coli, Klebsiella pneumoniae or Pseudomonas aeruginosa and all control patients 

classified within the same APR-DRG groups. These microorganisms were analyzed because of their 

high prevalence, and, in Spain, are often multidrug-resistant.  

We excluded admissions grouped into non-specific APR-DRG. Patients with two or more 

episodes of bacteremia during the same hospital stay were also excluded because of their specific risk 

factors[16].  

The dependent variable was the cost of the hospitalization episode. The main explanatory 

variable was the presence of nosocomial bacteremia. Additional study variables were age and sex, 

type of admission (emergency or elective), admission diagnosis, type of treatment (medical or 

surgical), discharge status (alive or deceased), level of comorbidities as measured by the Elixhauser 

index [1], the presence of complications, intensive care unit (ICU) admission, length of hospital stay 

(in days) prior to bacteremia detection and the likelihood of developing a bacteremia estimated by 

applying the propensity score. 
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The total costs of hospital admissions with nosocomial bacteremia caused by the selected 

microorganisms and according the source of the bacteremia were analyzed by taking into account the 

antimicrobial susceptibility of each microorganism. This group of patients was compared with the 

control group. 

Definition of bacteremia and the criteria used to define the sources of infection causing 

bacteremia were based on Center for Disease Control definitions [17]. Magiorakos [18] criteria were 

used to identify multidrug resistant microorganisms (Table 1). 

Clinical information on the hospitalization process of each patient included in the study was 

obtained from the minimum dataset of hospital discharges and from the hospital information system, 

which has an established cost accounting systems (full-costing) in which cost distribution is based on 

activity-based criteria [19]. All costs were adjusted to 2012 price levels according to the national price 

index published by Spain�s National Institute of Statistics [20]. Admissions with bacteremia were 

identified using the dataset collected by the infection control department, which prospectively follows 

up all bacteremia episodes. 

A descriptive analysis was conducted of all variables of admissions with and without 

bacteremia and of microorganism sensitivity. The Chi-square test was used to compare categorical 

variables and mean values were compared using the ANOVA test. 

A logistic regression was fitted to estimate, for each admission, the probability of developing 

bacteremia (propensity score) and was used for propensity score matching adjustment [21]. 

Subsequently, the propensity score was included in an econometric model to adjust the incremental 

cost of patients who developed bacteremia, as well as differences in this cost, depending on the 

infection causing the bacteremia and whether it was classified by the antibiotic sensitivity of the 

causative organism.  

The study was approved by the Ethics Committee for Clinical Research of Hospital del Mar, 

Parc de Salut Mar. All patient-level data were anonymized, and no additional informed consent was 

required. 
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RESULTS 

Of the 177,378 discharges included in the study, 1,703 (0.96%) developed an episode of 

bacteremia. Of these, 669 (39.3%) were caused by the previously defined microorganisms. Finally, 571 

admissions with bacteremia met the inclusion criteria and 82,022 treated in the same period and 

grouped in the same APR-DRG who did not develop nosocomial bacteremia were included in the 

control group. The characteristics of the selected episodes are shown in Table 2. At hospital admission, 

patients from both groups had similar levels of comorbidities (Elixhauser index) and requirements for 

surgical intervention, although patients who developed bacteremia were more likely to be admitted 

to the ICU and had higher mortality and resource consumption (measured by APR-DRG weight and 

average cost). 

The most frequent source of bacteremia was urinary tract infection (UTI), with 136 (23.8%) 

cases, followed by non-surgical abdominal infection, with 102 (17.9%) cases. The least frequent, 37 

episodes (6.5%), were grouped as other infections. Overall, 29.2% of causative microorganisms 

showed multidrug resistance (Table 3). Infections related to endovascular devices were associated 

with the highest percentage (37.2%) of episodes with multidrug resistance, followed by respiratory 

infections (35.9%). Bacteremia caused by a surgical site infection (SSI) showed the lowest percentage 

of multidrug resistance (20%) (Table 3). 

Table 4 shows average observed costs according to the source of bacteremia and antibiotic 

sensitivity of the causative microorganism. The mean cost of admissions with bacteremia was � 

25,891. Substantial differences were observed according to the source of bacteremia: those with a 

respiratory source with a multidrug-sensitive microorganism were the most costly, with a mean 

observed cost of � 43,503; of the grouped sources, episodes caused by a multidrug-resistant 

microorganism had the lowest mean cost, � 16,238. The largest difference in the mean observed cost 

according to antibiotic sensitivity was detected for bacteremia caused by a respiratory infection: multi-

sensitive microorganisms were � 12,081 more costly. 
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The total cost was � 568,464,250. The 571 admissions with bacteremia represented 0.69% of 

analyzed admissions and 2.6% of total observed cost (Table 4). 

As shown in Table 5, the mean incremental cost was estimated at � 15,526� (CI � 11,230 to 

�19,822). The mean incremental cost was � 6,786 for antimicrobial-susceptible UTI and � 13,299 for 

multidrug-resistant UTI bacteremia. The highest incremental costs were found for primary or 

unknown sources of bacteremia: � 26,082 for antimicrobial-susceptible bacteremia, � 29,186 for 

multidrug-resistant bacteremia and � 25,292 when the source of bacteremia was a respiratory 

infection with a multidrug-resistant microorganism. The mean incremental cost was � 17,799 for 

bacteremia caused by a surgical site infection and � 16,487 for antimicrobial-susceptible and 

multidrug-resistant microorganisms. 

Bacteremia was associated with an annual increase of � 1,108,190 over total hospital costs. 

Primary bacteremia due to a multidrug resistant microorganism had a substantial impact on total costs 

of � 192,351 per year (Table 5), followed by non-surgical abdominal sources caused by a multidrug-

sensitive microorganism, with a total of � 158,280 per year. 

  

DISCUSSION  

 

The present study analyzed the costs of all episodes of nosocomial bacteremia caused by the 

most common microorganisms in a tertiary university hospital.  The aim was to provide information 

on the causative source of bacteremia, which has been little studied. Most previous cost analyses of 

bacteremia have focused on bacteremia due to the use of venous catheters and have been conducted 

in intensive care units and, frequently, analyses have centered on a single microorganism or outbreak. 

Moreover, only 15.4% of episodes of nosocomial bacteremia occur in ICUs, with most of these 

infections (67%) occurring in conventional units [22]. 

The mean incremental cost of patients who develop bacteremia during admission was 

�15,526� per discharge, representing an annual increment in hospital cost of � 1,108,190. The highest 
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incremental cost was observed in primary bacteremia of unknown source caused by a multiresistant 

microorganism, reaching �29,185, and the lowest corresponded to UTI bacteremias caused by a 

multisensitive microorganism (� 6,786) and those grouped in other foci, also due to multisensitive 

microorganisms (�6,569).  

Very little information was found in the literature on the foci causing nosocomial bacteremia, 

and even less information was found on the costs associated with these episodes, except for costs 

associated with bacteremia due to vascular access devices [4, 5, 23]. 

In the nosocomial infections surveillance report of the Institut National de Santé Publique du 

Québec [22], the most frequent source was vascular catheters, causing almost 22% of blood stream 

infections, followed by primary foci and thirdly by those related to UTIs. This distribution differs from 

that found in the present study, in which the most frequent source was the urinary tract.  

It is known that UTIs are the most frequent nosocomial infections, although they rarely give 

rise to an episode of bacteremia; it is estimated that bacteremia occurs in 3.5% of UTIs [24]. Even so, 

and due to their high frequency, UTI have been estimated to cause 21% of episodes of nosocomial 

bacteremia [25]. In our study, bacteremia episodes caused by UTI represented 23.8% of the total (n = 

136) and we estimated that these patients generated an excess hospital cost of �1,196.387 in the 

period analyzed.  

According to Torres [26], nosocomial pneumonia is the second most frequent nosocomial 

infection and is that causing the highest morbidity, mortality and costs. Other authors have reported 

that this entity causes 8.7% of cases of nosocomial bacteremia [22]. In the present study, nosocomial 

pneumonia caused 13.7% of the episodes of bacteremia analyzed, of which 36% were caused by a 

multiresistant microorganism. The mean cost observed was the highest, �43,503, when the 

bacteremia caused by a multisensitive microorganism. The incremental cost was �17,901 if the 

causative microorganism was multisensitive and was �25,292 if multiresistant. Importantly, the mean 

cost observed in cases of bacteremia caused by a multisensitive microorganism was much higher than 

if it was multiresistant, which may have been because these patients were severely ill and had a high 
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mortality rate. Support for this supposition is provided by the estimation of the incremental costs, 

showing that the cost of bacteremia episodes caused by multiresistant microorganisms was higher 

than if the microorganism was multisensitive.  

As previously mentioned, there is more information on the costs associated with vascular 

access-related bacteremia and, although most of these analyses have been performed in ICUs, some 

cover all hospital areas. In these studies, the excess cost was �14,735� [4] or �12,853 [5]; these figures 

are similar to those estimated in the present study, �12,002 for vascular access-related bacteremias 

caused by multisensitive microorganisms and �14,513 for those caused by multiresistant organisms.  

Burden et al reported a 58% reduction in the rate of nosocomial bacteremia in a neonatal ICU 

after it implemented a program to reduce vascular catheter-related bacteremias, resulting in a saving 

of $539, 902 [23]. In our study, the overall incremental cost was �1,009,036. With a reduction similar 

to that reported by these authors, the potential saving in our hospital would be �585,241, although in 

our case the data refer to the entire hospital.  

Some authors have calculated that 10.9% of nosocomial bacteremia episodes are due to a 

surgical wound infection (SSI) [22]. The cost increase of SSI have been calculated to be $ 11,876 [27], 

while median direct variable costs have been reported to be $ 8,391 and $ 9,681 [28]. These values 

are lower than those found in the present study, which could be because those analyses included all 

SSI, independently of whether they caused bacteremia or not, whereas our study analyzed 

bacteremia caused by an SSI. A much higher cost has been described in patients developing 

bacteremia caused by Staphylococus aureus after undergoing hip or knee replacement surgery, 

reaching $ 67,439, although these costs included the cost of extra-hospital follow-up and 

readmissions, if these occurred [29].  

A review analyzing the percentage of potentially preventable nosocomial infections [30] 

reported a reduction effect ranging from 10% to 70%; these figures suggest that an overall reduction 

of these infections of between 20% and 30% could be feasible. That review reported that the most 

important reduction effect was identified for catheter-related bacteremia, given that 50% of these 
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infections would be preventable. A more recent study that analyzed trends in rates of patient harm 

resulting from medical care reported that 74.5% of the hospital infections identified were preventable, 

with this percentage rising to 88.9% of catheter-associated bacteremia [31].  

This study has some limitations. Firstly, we used information from a single center, which may 

hamper extrapolation of the results. Secondly, this study excluded healthcare-associated bacteremia 

episodes, which are always the result of a previous contact between the patient and healthcare and 

the hospital; all these hospitalization episodes have a cost that could have been reduced or eliminated. 

Finally, costs were calculated from the perspective of the hospital and the care of admitted patients.  

A strength of our study is that bacteremia was identified by the infection control team rather 

than through administrative databases, which have been estimated that identify only 20% of 

infections [32]. Moreover, this study analyzed real costs, based on activities, rather than making 

estimates or using tariffs.  

Lastly, this study provides information on the cost of bacteremia according to the causative 

source, in a single study and using the same methodology, thus providing the cost relative to each of 

these foci in relation to the remaining foci and overcoming the limitation of analyzing infections in a 

single center.  

Although bacteremia cannot be eliminated in a hospital, there is evidence of the possibility 

that its incidence can be reduced; if so, fewer microorganisms would develop resistance, thus reducing 

multiresistance. The foci with the greatest potential for prevention are those related to invasive 

devices (central venous lines, arterial or peripheral lines, urinary catheters, patients undergoing 

mechanical ventilation, etc.) as well as a substantial proportion of those caused by a SSI or respiratory 

infection. Therefore, most recommendations are aimed at reducing nosocomial infections and the 

development of antimicrobial resistance [24, 25, 33-35] and substantial resources should be allocated 

to their prevention.  

In conclusion, this study shows that determination of the excess cost associated with 

nosocomial bacteremia, adjusted according to the causative source and the antibiotic sensitivity of 
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the causative organism, can be used to delineate the problem more clearly and thus adapt and 

prioritize strategies for its prevention according to its incidence.  
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 Table 1. Criteria Used to Identify Multidrug-resistant Microorganisms 

Microorganisms Antimicrobial category Antimicrobial agents 

E. coli*                          

K. pneumoniae* 

Aminoglycosides 

Amikacin 

Gentamicin 

Tobramycin 

Carbapenems 

Ertapenem 

Imipenem 

Meropenem 

1st or 2nd generation cephalosporins  
Cefazoline 

Cefuroxime 

3rd or 4th generation cephalosporins  

Cefotaxime 

Ceftazidime 

Cefepime 

P. aeruginosa* 

Aminoglycosides 

Amikacin 

Gentamicin 

Tobramycin 

Monobactams Aztreonam 

Cephalosporins with antipseudomonal 
activity 

Ceftazidime 

Cefepime 

Quinolones 
Ciprofloxacin 

Levofloxacin 

Ureidopenicillins   
Piperacillin + 
Tazobactam 

Carbapenems  
Imipenem 

Meropenem 

Polymyxins Colistin 

 

Penicillins 

Oxacillin 

S. aureus** 

Cloxacillin 

Methicillin 

Glycopeptides Vancomycin 

NOTE * Microorganisms were considered to be multidrug-resistant if identified as such by the 

microbiologist or if they had developed resistance to three or more antibiotic families. 

 

** Microorganisms were considered to be multidrug-resistant if they developed resistance 

to one antibiotic family. 



22 
 

Table 2. Patients With and Without Bacteremia, Characteristics, and Average Cost of the Episode 

 Patients  Patients with bacteremia  

  
without 

bacteremia 

antibiotic-

sensitive 

multidrug-

resistant 

  P-

value 

Number of patients 82,022  404  167   
Male sex (N, %) 43,256 52.7 249 61.6 101 60.5 <0.000 
Age (mean, SD) 67.1 17.0 64.7 15.8 67.2 14.7 0.017 
Urgent admission (N, %) 53,171 64.8 291 72.0 126 75.4 <0.000 
Surgical patient (N, %) 34,534 42.1 193 47.8 67 40.1 0.062 
Intensive care unit admission (N, %) 4,508 5.5 128 31.7 51 30.5 <0.000 
Exitus (N, %) 3,852 4.7 112 27.7 52 31.1 <0.000 
Elixhauser index  (mean, SD) 2.6 1.9 2.6 1.7 2.8 1.9 0.428 
APR-DRG  weight (mean, SD) 1.1539 0.8405 1.9435 2.2947 1.8310 2.0532 <0.000 
Length of hospital stay   (mean, SD) 10.8 10.3 32.2 28.0 37.2 24.4 <0.000 
Length of hospital stay prior to 
bacteremia  (mean, SD) -   14.5 15.2 18.5 13.4 -   
Total cost observed   (mean, SD) 6,750 7,619 24,960 31,154 28,143 23,964 <0.000 

NOTE: APR-DRG, all-patient refined-diagnosis related group.
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Table 3. Distribution by Source of Bacteremia and Antibiotic Sensitivity of the Causative Organism 

 Microorganism   

 multidrug-sensitive multidrug-resistant   

Source of bacteremia N % N % Total % 

Urinary tract infection  94 69.1 42 30.9 136 100.0 

Gastrointestinal tract infection 81 79.4 21 20.6 102 100.0 

Primary and unknown  59 69.4 26 30.6 85 100.0 

Respiratory tract infection  50 64.1 28 35.9 78 100.0 

Endovascular devices  49 62.8 29 37.2 78 100.0 

Surgical site infection 44 80.0 11 20.0 55 100.0 

Others  27 73.0 10 27.0 37 100.0 

Total 404 70.8 167 29.2 571 100.0 
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Table 4. Mean and Observed Total Cost, According to the Source of Bacteremia and Antibiotic 

Susceptibility of the Causative Organism 

 

 
 

    Observed cost 

Source of bacteremia N % mean total % 

Urinary tract infection (MDSM) 94 16.5 17,405 1,636,047 11.1 

Urinary tract infection (MDRM) 42 7.4 23,459 985,271 6.7 

Gastrointestinal tract infection (MDSM) 81 14.2 22,160 1,794,962 12.1 

Gastrointestinal tract infection (MDRM) 21 3.7 21,988 461,741 3.1 

Primary and unknown (MDSM) 59 10.3 26,102 1,540,027 10.4 

Primary and unknown (MDRM) 26 4.6 29,438 765,398 5.2 

Respiratory tract infection (MDSM) 50 8.8 43,503 2,175,167 14.7 

Respiratory tract infection (MDRM) 28 4.9 31,422 879,826 6.0 

Endovascular devices (MDSM) 49 8.6 24,208 1,186,207 8.0 

Endovascular devices (MDRM) 29 5.1 35,186 1,020,400 6.9 

Surgical site infection (MDSM) 44 7.7 29,841 1,312,995 8.9 

Surgical site infection (MDRM) 11 1.9 33,496 368,459 2.5 

Others (MDSM) 27 4.7 16,238 438,430 3.0 

Others (MDRM) 10 1.8 21,884 218,845 1.5 

Total 571 100.0 25,891 14,783,775 100.0 

 
NOTE: MDSM, multidrug-sensitive microorganism; MDRM, multidrug-resistant microorganism  
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Table 5. Mean Incremental Cost and Total Impact on Cost, According to the Source of 

Bacteremia and Antibiotic Sensitivity of the Causative Organism 

   Incremental cost Impact on cost 

Source of bacteremia N % Mean IC inf IC sup Total % 

Urinary tract infection (MDSM) 94 16.5 6,786 5,397 8,174 637,849 7.2 

Urinary tract infection (MDRM) 42 7.4 13,299 10,099 16,498 558,538 6.3 

Gastrointestinal tract infection (MDSM) 81 14.2 15,633 12,038 19,227 1,266,236 14.3 

Gastrointestinal tract infection (MDRM) 21 3.7 10,663 4,652 16,674 223,927 2.5 

Primary and unknown (MDSM) 59 10.3 26,082 19,848 32,315 1,538,810 17.4 

Primary and unknown (MDRM) 26 4.6 29,186 18,595 39,776 758,827 8.6 

Respiratory tract infection (MDSM) 50 8.8 17,901 14,029 21,773 895,062 10.1 

Respiratory tract infection (MDRM) 28 4.9 25,292 17,636 32,949 708,184 8.0 

Endovascular devices (MDSM) 49 8.6 12,002 8,824 15,179 588,086 6.6 

Endovascular devices (MDRM) 29 5.1 14,516 10,311 18,720 420,950 4.7 

Surgical site infection (MDSM) 44 7.7 17,799 12,417 23,181 783,164 8.8 

Surgical site infection (MDRM) 11 1.9 16,487 9,546 23,427 181,353 2.0 

Others (MDSM) 27 4.7 8,846 5,191 12,501 238,839 2.7 

Others (MDRM) 10 1.8 6,569 3,556 9,583 65,694 0.7 

Total 571 100.0 15,526 11,230 19,822 8,865,519 100.0 

        

NOTE: MDSM, multidrug-sensitive microorganism; MDRM, multidrug-resistant microorganism  
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