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Abstract

Background. Acinetobacter baumannii complex (ABC) infections are commonly polymicrobial. Examining which pathogens are 
most commonly co- isolated with ABC is an important first step for assessing disease potential due to pathogen- pathogen 
interactions.

Methods. Based on a systematic search of PubMed, Scopus and CENTRAL, we estimated percent proportions of co- isolates in 
polymicrobial pulmonary and bloodstream ABC infections using random- effects meta- analysis.

Results. Twenty- eight eligible studies were analysed reporting 575 polymicrobial bloodstream and 290 polymicrobial pulmo-
nary infections. Common co- isolates in pulmonary infections were P. aeruginosa (36%, 95% CI 24–49%, I2 71%), S. aureus (28%, 
95% CI 19–38%, I2 44%) and Klebsiella spp. (11%, 95% CI 6–20 %, I2 56%), while the prevalence of other co- pathogens did not 
exceed 5%. Most common co- isolates in bloodstream infections were coagulase- negative Staphylococci (21%, 95% CI 12–34 %, 
I2 84%), Enterococci (15%, 95% CI 9–26%, I2 73%), P. aeruginosa (12%, 95% CI 6–22%, I2 74%), Klebsiella spp. (10%, 95% CI 6–16%, 
I2 42%), Enterobacter spp. (10%, 95% CI 6–16 %, I2 38%) and S. aureus (8%, 95% CI 4–15%, I2 58%).

Conclusion. The common co- isolation of certain pathogens (especially P. aeruginosa) with ABC suggests potential beneficial 
between- pathogen interactions, which may have treatment implications for polymicrobial infections and requires further study.

INTRODUCTION
According to a recent systematic review of pulmonary and bloodstream infections by Acinetobacter baumannii complex (ABC), 
one out of every three to five such infections are polymicrobial [1]. The role of Acinetobacter in polymicrobial infection (pathogen 
vs bystander) is difficult to elucidate. Some studies [2, 3] and a meta- analysis [1] have found lower mortality in polymicrobial 
(vs monomicrobial) ABC infections. This has raised the hypothesis that A. baumannii may be an innocent bystander in some 
polymicrobial infections and some other co- isolate, which may be more susceptible to antibiotics, might represent the true 
infecting pathogen [1, 2, 4]. This is contrary to the findings of a recent study reporting higher mortality in polymicrobial (vs 
monomicrobial) A. baumannii bacteremia associated with Gram- negative co- pathogens but potentially lower mortality in 
polymicrobial (vs monomicrobial) bacteremia associated with Gram- positive co- pathogens [5]. The later study highlights that 
polymicrobial ABC infections are heterogeneous and different polymicrobial combinations may have a different impact on 
mortality.

Το complicate matters further, A. baumannii has been shown to co- operate with other pathogens. For example, extracellularly 
released carbapenemases by A. baumannii may protect carbapenem- susceptible Enterobacterales or Pseudomonas aeruginosa [6] 
and methicillin- susceptible S. aureus [7]. Other examples of beneficial interactions of A. baumannii with other pathogens include 
enhanced biofilm formation by quorum based communication with P. aeruginosa [8] and potential facilitation of A. baumannii 
colonization and subsequent infection by Candida colonization [9].
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Considering these interactions, it is of interest to evaluate which microorganisms are most frequently co- isolated from the same 
site of infection with ABC. We therefore estimated the percent distribution of co- isolates by meta- analysing microbiology data 
for the subgroup of polymicrobial ABC infections retrieved in our recent systematic review [1]. To the best of our knowledge 
this is the first systematic review and meta- analysis assessing co- isolates of A. baumannii infections.

METHODS
Search strategy, eligibility criteria and data extraction
The present study is based on additional data collected from a prior systematic review, which is described in full details elsewhere 
[1]. Briefly, a systematic search was conducted in PubMed, Scopus and the Cochrane Central Register of Controlled Trials 
(CENTRAL) for studies reporting ABC pulmonary and bloodstream infections, from inception to 06 January 2021. The search 
strategy is described in the Supplement (Section 1), available in the online version of this article. No language restriction was 
applied. Relevant full- text articles written in languages other than English were translated with Google Translate. Eligible for the 
current review was any study reporting the microorganisms associated with polymicrobial pulmonary or bloodstream infections 
involving ABC. Studies reporting exclusively infections by Acinetobacter spp. not belonging to the ABC complex were excluded. 
Studies that included co- infection or super- infection among polymicrobial infections were excluded from analysis. The literature 

Fig. 1. Flow- chart of the review 1 See Supplementary Material Section two for the list of studies without full- text access 2 One study reported data for 
both pulmonary and bloodstream infections.
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Table 1. Summary characteristics of reviewed studies

No. of studies (%) No. of polymicrobial infections (%)

Total reviewed 28 (100%) 853 (100%)

Data collection

  Retrospective 22 (79%) 728 (84%)

  Prospective 6 (21%) 137 (16%)

Design

  Single centre 21 (75%) 665 (77%)

  Multi- centre 7 (25%) 200 (23%)

Publication period

  2016–2020 5 (18%) 286 (33%)

  2011–2015 6 (21%) 240 (28%)

  2006–2010 3 (11%) 36 (4%)

  2001–2005 3 (11%) 46 (5%)

  1996–2000 5 (18%) 178 (21%)

  <1996 6 (21%) 79 (9%)

Polymicrobial definition- Site

  Same site 26 (93%) 799 (92%)

  Unspecified 2 (7%) 66 (8%)

Polymicrobial definition- Timing

  Same culture 7 (25%) 69 (8%)

  Within 1–2 days 2 (7%) 36 (4%)

  Same infection episode 2 (7%) 189 (22%)

  Unspecified 17 (61%) 571 (66%)

Non- etiologic co- isolates

  Excluded 1 (3.5%) 89 (10%)

  Included 1 (3.5%) 12 (1%)

  Unspecified 26 (93%) 764 (88%)

Species

  AB 3 (11%) 146 (17%)

  ABC 12 (43%) 492 (57%)

  Unclear if AB or ABC 5 (18%) 110 (13%)

  Acinetobacter spp. 8 (29%) 117 (14%)

WHO region

  Western pacific 11 (39%) 585 (68%)

  Americas 9 (32%) 151 (18%)

  Europe 6 (21%) 100 (12%)

  Eastern Mediterranean 1 (3.5%) 20 (2%)

  Southeast Asia 1 (3.5%) 9 (1%)

Site of infection

  Pulmonary 11 290

  Bloodstream 18 575

AB, Acinetobacter baumannii; ABC, Acinetobacter baumannii complex.
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search, screening for relevant studies and data extraction were conducted by the first author. Accuracy of the extracted data was 
validated by a second author.

Statistical analysis
The proportion of occurrence of ABC co- isolates in each study was defined as the ratio of the number of polymicrobial infections 
associated with the co- isolate over the total number of polymicrobial infections. Between- study heterogeneity was assessed 
with the I2 statistic. As we anticipated considerable heterogeneity, we pooled the proportions of co- isolates across studies using 
a random- effects (random intercept) logistic regression model on logit- transformed proportions [10]. Between- study variance 
(τ2) was estimated with the maximum- likelihood method. Confidence intervals (95% CI) for pooled proportions were adjusted 
with the Hartung- Knapp method [11]. The metaprop function of the meta package in R was used for these purposes [12].

RESULTS
Study selection and study characteristics
The flow chart of the review is depicted in Fig. 1. Co- isolates of ABC in polymicrobial infections were reported in 28 studies 
(n=865 infections) [2, 5, 13–38], of which 11 provided data for polymicrobial pulmonary infections (n=290) and 18 provided 
data for polymicrobial bloodstream infections (n=575). Main characteristics of retrieved studies are summarized in Table 1.

Microorganisms in polymicrobial pulmonary infections
Pooled proportions for ABC co- isolates found in polymicrobial pulmonary infections are reported in Table 2 and the respective 
forest plots are available in the Supplement (Section 3). Overall, 32% (95% CI 15–45%, I2 60%) of the infections were associated 
with Gram- positive bacteria and 60% (95% CI 31–83%, I2 75%) with Gram- negative bacteria. The most common co- isolates of 

Table 2. Co- isolates in polymicrobial pulmonary infections

No. of studies* Pooled proportion of co- isolate 95% confidence interval I2

Gram- positive 7 32% 15–54% 60%

Staphylococci 8 27% 15–44% 49%

  S. aureus 10 28% 19–38% 44%

  CoN- S 8 0% 0–85% 86%

Enterococci/Streptococci 8 5% 2–15% 5%

  Enterococci 8 0% 0–74% 78%

  Streptococci 8 2% 1–8% 0%

Other Gram- positive 9 0% 0–100% 92%

Gram- negative 7 60% 31–83% 75%

  P. aeruginosa 11 36% 24–49% 71%

  Klebsiella spp. 11 11% 6–20% 56%

  S. maltophilia 10 5% 2–10% 18%

  E. coli 9 3% 1–6% 0%

  Enterobacter spp. 8 4% 1–14% 37%

  Morganellaceae 8 5% 2–12% 0%

  S. marcescens 8 4% 1–18% 48%

  Other Gram- negative 7 6% 1–27% 65%

Candida spp. 8 2% 1–8% 0%

*Note that the set of studies available for meta- analysis for each co- isolate or group of co- isolates varied slightly because not all studies 
reported data for all pathogens (for example some studies provide data about S. aureus but not about Gram- positive co- isolates in total). 
Furthermore, more than one co- isolate was found in some polymicrobial infections but microbiological data about the co- isolate combinations 
was not reported in most studies. The respective forest plots are available in the Supplement (Section 3).
CoN- S, coagulase- negative Staphylococci.
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ABC were P. aeruginosa (36%, 95% CI 24–49 %, I2 71%), S. aureus (28%, 95% CI 19–38%, I2 44%) and Klebsiella spp. (11%, 95% 
CI 6–20%, I2 56%). The pooled proportion of Candida spp. co- isolation was 2% (1–8%, I2 0%). More than one co- isolate was found 
in some polymicrobial infections but microbiological data about the co- isolate combinations was not reported in most studies.

Microorganisms in polymicrobial bloodstream infections
Co- isolates of ABC polymicrobial bloodstream infections are reported in Table 3 and the respective forest plots are available in 
the Supplement (Section 4). Overall, 53% (95% CI 39–66%, I2 67%) of the infections were associated with Gram- positive bacteria 
and 56% (95% CI 42–69%, I2 71%) with Gram- negative bacteria. The most common co- isolates included coagulase- negative 
Staphylococci (21%, 95% CI 12–34%, I2 84%), Enterococci (15%, 95% CI 9–26%, I2 73%), P. aeruginosa (12%, 95% CI 6–22%, I2 
74%), Klebsiella spp. (10%, 95% CI 6016%, I2 42%), Enterobacter spp. (10%, 95% CI 6–16%, I2 38%) and S. aureus (8%, 95% CI 
4–15%, I2 58%). More than one co- isolate was found in some polymicrobial infections but microbiological data about the co- isolate 
combinations was not reported in most studies.

DISCUSSION
A variety of pathogens have been co- isolated with ABC from the same site of infection. P. aeruginosa was the most common 
co- pathogen representing about a third of polymicrobial pulmonary ABC infections and about a tenth of polymicrobial blood-
stream infections. Other common co- pathogens were S. aureus, K. pneumoniae and other Enterobacterales. Despite beneficial 
interactions between Candida and Acinetobacter spp. [9], Candida co- isolation in polymicrobial Acinetobacter infections was 
uncommon. However, it is unclear if the low percentage of Candida co- isolation is true or reflects a lack of reporting of Candida 
as a co- isolate.

Table 3. Co- isolates in polymicrobial bloodstream infections

No. of studies* Pooled proportion of co- isolate 95% confidence interval I2

Gram- positive 11 53% 39–66% 67%

Staphylococci 12 28% 14–48% 83%

  CoN- S 16 21% 12–34% 84%

  S. aureus 14 8% 4–15% 58%

Enterococci/Streptococci 15 16% 10–26% 67%

  Enterococci 15 15% 9–26% 73%

  Streptococci 13 0% 0–10% 70%

Other Gram- positive 14 1% 0–11% 70%

Gram- negative 11 56% 42–69% 71%

  P. aeruginosa 15 12% 6–22% 74%

  Klebsiella spp. 14 10% 6–16% 42%

  S. maltophilia 14 3% 1–8% 52%

  E. coli 14 6% 4–9% 0%

  Enterobacter spp. 14 10% 6–16% 38%

  Morganellaceae 13 1% 0–3% 0%

  S. marcescens 13 0% 0–3% 0%

  Other Gram- negative 13 5% 2–14% 64%

Candida spp. 14 5% 3–15% 23%

*Note that the set of studies available for meta- analysis for each co- isolate or group of co- isolates varied slightly because not all studies 
reported data for all pathogens (for example some studies provide data about S. aureus but not about Gram- positive co- isolates in total). 
Furthermore, more than one co- isolate was found in some polymicrobial infections but microbiological data about the co- isolate combinations 
was not reported in most studies. The respective forest plots are available in the Supplement (Section 3).
CoN- S, coagulase- negative Staphylococci.
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Whether mortality differs in polymicrobial (vs monomicrobial) infections remains unclear due to limitations of the available 
evidence [1]. Mortality depending on the type of co- isolate was reported only in six studies [5, 13, 14, 17, 18, 20], and the data 
were too limited and too heterogeneous (e.g. different time- points for mortality) to allow a meaningful meta- analysis (Supplement, 
Sections 5–6). Furthermore, more than a single co- isolate were found in some polymicrobial infections, which produces a large 
number of microorganism combinations. Finally, studies providing both mortality data and the proportion of each co- isolate in 
polymicrobial infections were too few (<10) to allow meaningful meta- regression analyses [1].

Our review has several limitations. Firstly, detailed data about the subset of patients with polymicrobial infections were not avail-
able (a detailed description of polymicrobial infections was available in only one study [5]). Therefore, we could not retrieve data 
regarding the primary site infection or microbiological isolates from the primary site of infection in polymicrobial bloodstream 
infections. Furthermore, whether the frequent co- isolation of A. baumannii with certain pathogens reflects potential beneficial 
interactions with these pathogens or simply reflects the epidemiology of these pathogens and random co- isolation is unclear. 
Finally, the lack of a clear definition for polymicrobial infection in many studies is another important limitation of the available 
literature [1].

A. baumannii is now recognized as an important pathogen with high attributable mortality [13, 39], but differentiation of 
Acinetobacter infection from colonization remains problematic. However, the possibility of beneficial interactions between A. 
baumannii and other pathogens suggests that it may be prudent to cover A. baumannii with antimicrobial therapy even when 
other microorganisms are deemed to represent the true pathogen in polymicrobial infections. The best way to address this 
would be to compare the outcome of polymicrobial ABC infections of patients receiving antimicrobial therapy covering both 
ABC and co- pathogens compared to patients receiving antimicrobial therapy covering only the co- pathogens. To our knowledge 
such studies are lacking. Conducting such a study using randomization would be problematic because under- treatment of A. 
baumannii infection has been associated with higher mortality [40]. Nevertheless, it may be possible to address this question in 
observational studies of polymicrobial ABC infections.

Conclusion
Acinetobacter infections are commonly polymicrobial. Certain pathogens, especially P. aeruginosa, are common in polymicrobial 
Acinetobacter infections. Whether this is explained by chance alone or reflects positive interactions between these pathogens 
remains unclear and requires further study because of potential treatment implications.

Funding information
The authors received no specific grant from any funding agency.

Author contributions
Conceptualization: S.K. Methodology: S.K., E.I.K. Screening of the literature; S.K. Data extraction: S.K., P.I. Statistical analysis: S.K., E.I.K. Writing - original 
draft: S.K., E.I.K. Writing - review and editing: S.K., E.I.K., P.I. All authors have approved the final version of the manuscript.

Conflicts of interest
The authors declare that there are no conflicts of interest.

References
 1. Karakonstantis S, Kritsotakis EI. Systematic review and 

meta- analysis of the proportion and associated mortality 
of polymicrobial (vs monomicrobial) pulmonary and blood-
stream infections by Acinetobacter baumannii complex. Infection 
2021;49:1149–1161. 

 2. Zheng JY, Huang SS, Huang SH, Ye JJ. Colistin for pneumonia 
involving multidrug- resistant Acinetobacter calcoaceticus- Acinetobacter 
baumannii complex. J Microbiol Immunol Infect 2020;53:854–865. 

 3. Özvatan T, Akalın H, Sınırtaş M, Ocakoğlu G, Yılmaz E, et al. Noso-
comial Acinetobacter pneumonia: Treatment and prognostic factors 
in 356 cases. Respirology 2016;21:363–369. 

 4. Ye J- J, Lin H- S, Kuo A- J, Leu H- S, Chiang P- C, et al. The clinical 
implication and prognostic predictors of tigecycline treatment for 
pneumonia involving multidrug- resistant Acinetobacter baumannii. 
J Infect 2011;63:351–361. 

 5. Wang Y- C, Ku W- W, Yang Y- S, Kao C- C, Kang F- Y, et al. Is polymicro-
bial bacteremia an independent risk factor for mortality in Acineto-
bacter baumannii bacteremia? J Clin Med 2020;9:E153. 

 6. Liao Y- T, Kuo S- C, Lee Y- T, Chen C- P, Lin S- W, et al. Sheltering effect 
and indirect pathogenesis of carbapenem- resistant Acinetobacter 
baumannii in polymicrobial infection. Antimicrob Agents Chemother 
2014;58:3983–3990. 

 7. Smith NM, Ang A, Tan F, Macias K, James S, et al. Interaction of Staph-
ylococcus aureus and Acinetobacter baumannii during In Vitro β- lactam 
exposure. Antimicrob Agents Chemother 2021;65:e02414- 20. 

 8. Bhargava N, Sharma P, Capalash N. N- acyl homoserine lactone 
mediated interspecies interactions between A. baumannii and P. 
aeruginosa. Biofouling 2012;28:813–822. 

 9. Tan X, Zhu S, Yan D, Chen W, Chen R, et  al. Candida spp. airway 
colonization: A potential risk factor for Acinetobacter baumannii 
ventilator- associated pneumonia. Med Mycol 2016;54:557–566. 

 10. Lin L, Chu H. Meta- analysis of proportions using generalized linear 
mixed models. Epidemiology 2020;31:713–717. 

 11. Knapp G, Hartung J. Improved tests for a random effects meta- 
regression with a single covariate. Stat Med 2003;22:2693–2710. 

 12. Balduzzi S, Rücker G, Schwarzer G. How to perform a meta- 
analysis with R: a practical tutorial. Evid Based Ment Health 
2019;22:153–160. 

 13. Karakonstantis S, Gikas A, Astrinaki E, Kritsotakis EI. Excess 
mortality due to pandrug- resistant Acinetobacter baumannii infec-
tions in hospitalized patients. J Hosp Infect 2020;106:447–453. 

 14. Ju MH, Yao YL, Du CL, Chen S, Song YL. Subsequent multidrug- 
resistant bacteremia is a risk factor for short- term mortality 
of patients with ventilator- associated pneumonia caused by 



7

Karakonstantis et al., Access Microbiology 2022;4:000348

Acinetobacter baumannii in intensive care unit: a multicenter expe-
rience. Chin Med J (Engl) 2018;131:361–363. 

 15. Cheng A, Chuang Y- C, Sun H- Y, Yang C- J, Chang H- T, et al. Should 
we treat patients with only one set of positive blood cultures for 
extensively drug- resistant Acinetobacter baumannii the same as 
multiple sets? PLoS One 2017;12:e0180967. 

 16. He L, Meng J, Huang D, Hu C, Pan P. Multidrug- resistant Acineto-
bacter Baumannii infection in intensive care unit: a retrospective 
analysis. Zhong Nan Da Xue Xue Bao Yi Xue Ban 2015;40:1327–1332. 

 17. Liu Q, Li W, Du X, Li W, Zhong T, et al. Risk and prognostic factors for 
multidrug- resistant Acinetobacter baumannii complex bacteremia: 
a retrospective study in a tertiary hospital of West China. PLoS One 
2015;10:e0130701. 

 18. Choi HK, Kim YK, Kim HY, Uh Y. Inhaled colistin for treatment 
of pneumonia due to colistin- only- susceptible Acinetobacter 
baumannii. Yonsei Med J 2014;55:118–125. 

 19. Shields RK, Clancy CJ, Gillis LM, Kwak EJ, Silveira FP, et al. Epide-
miology, clinical characteristics and outcomes of extensively drug- 
resistant Acinetobacter baumannii infections among solid organ 
transplant recipients. PLoS One 2012;7:e52349. 

 20. Chang H- C, Chen Y- C, Lin M- C, Liu S- F, Chung Y- H, et al. Mortality 
risk factors in patients with Acinetobacter baumannii ventilator: 
associated pneumonia. J Formos Med Assoc 2011;110:564–571. 

 21. Nomanpour B, Ghodousi A, Babaei A, Abtahi H, Tabrizi M, et  al. 
Rapid, cost- effective, sensitive and quantitative detection of Acine-
tobacter baumannii from pneumonia patients. Iran J Microbiol 
2011;3:162–169.

 22. Aguirre- Avalos G, Mijangos- Méndez JC, Zavala- Silva ML, Coronado- 
Magaña H, Amaya- Tapia G. Bacteremia caused by Acinetobacter 
baumannii among patients in critical care. Gac Med Mex 2009;145:21–25.

 23. Medina J, Formento C, Pontet J, Curbelo A, Bazet C, et al. Prospec-
tive study of risk factors for ventilator- associated pneumonia 
caused by Acinetobacter species. J Crit Care 2007;22:18–26. 

 24. Trottier V, Segura PG, Namias N, King D, Pizano LR, et al. Outcomes 
of Acinetobacter baumannii infection in critically ill burned patients. 
J Burn Care Res 2007;28:248–254. 

 25. Garnacho- Montero J, Ortiz- Leyba C, Fernández- Hinojosa E, 
Aldabó-Pallás T, Cayuela A, et al. Acinetobacter baumannii ventilator- 
associated pneumonia: epidemiological and clinical findings. Inten-
sive Care Med 2005;31:649–655. 

 26. Blot S, Vandewoude K, Colardyn F. Nosocomial bacteremia 
involving Acinetobacter baumannii in critically ill patients: a 
matched cohort study. Intensive Care Med 2003;29:471–475. 

 27. Valero C, García Palomo JD, Matorras P, Fernández- Mazarrasa C, 
González Fernández C, et al. Acinetobacter bacteraemia in a teaching 
hospital, 1989- 1998. Eur J Intern Med 2001;12:425–429. 

 28. Wisplinghoff H, Edmond MB, Pfaller MA, Jones RN, Wenzel RP, 
et al. Nosocomial bloodstream infections caused by Acinetobacter 
species in United States hospitals: clinical features, molecular 
epidemiology, and antimicrobial susceptibility. Clin Infect Dis 
2000;31:690–697. 

 29. Siau H, Yuen KY, Ho PL, Wong SS, Woo PC. Acinetobacter bacte-
remia in Hong Kong: prospective study and review. Clin Infect Dis 
1999;28:26–30. 

 30. Iqbal Hossain M, Iqbal Kabir AK, Khan WA, Fuchs GJ. Acinetobacter 
bacteremia in patients with diarrhoeal disease. Epidemiol Infect 
1998;120:139–142. 

 31. Cisneros JM, Reyes MJ, Pachón J, Becerril B, 
Caballero FJ, et  al. Bacteremia due to Acinetobacter baumannii: 
epidemiology, clinical findings, and prognostic features. Clin 
Infect Dis 1996;22:1026–1032. 

 32. Siau H, Yuen KY, Wong SS, Ho PL, Luk WK. The epidemiology 
of acinetobacter infections in Hong Kong. J Med Microbiol 
1996;44:340–347. 

 33. Kurosu I. Bacteremia with Acinetobacter species--clinicopatho-
logical characteristics of 27 cases. Kansenshogaku Zasshi 
1995;69:895–902. 

 34. Seifert H, Strate A, Pulverer G. Nosocomial bacteremia due to 
Acinetobacter baumannii. Clinical features, epidemiology, and 
predictors of mortality. Medicine (Baltimore) 1995;74:340–349. 

 35. Tilley PA, Roberts FJ. Bacteremia with Acinetobacter species: risk 
factors and prognosis in different clinical settings. Clin Infect Dis 
1994;18:896–900. 

 36. Fuchs GJ 3rd, Jaffe N, Pickering LK. Acinetobacter calcoace-
ticus sepsis in children with malignancies. Pediatr Infect Dis 
1986;5:545–549. 

 37. Smego RA. Endemic nosocomial Acinetobacter calcoaceticus bacte-
remia. Clinical significance, treatment, and prognosis. Arch Intern 
Med 1985;145:2174–2179.

 38. Glew RH, Moellering RC, Kunz LJ. Infections with Acinetobacter 
calcoaceticus (Herellea vaginicola): clinical and laboratory studies. 
Medicine (Baltimore) 1977;56:79–97. 

 39. Falagas ME, Bliziotis IA, Siempos II. Attributable mortality of Acine-
tobacter baumannii infections in critically ill patients: a system-
atic review of matched cohort and case- control studies. Crit Care 
2006;10:R48. 

 40. Du X, Xu X, Yao J, Deng K, Chen S, et  al. Predictors of mortality 
in patients infected with carbapenem- resistant Acinetobacter 
baumannii: A systematic review and meta- analysis. Am J Infect 
Control 2019;47:1140–1145. 

Five reasons to publish your next article with a Microbiology Society journal
1.  The Microbiology Society is a not-for-profit organization.
2.  We offer fast and rigorous peer review – average time to first decision is 4–6 weeks.
3.   Our journals have a global readership with subscriptions held in research institutions around  

the world.
4.  80% of our authors rate our submission process as ‘excellent’ or ‘very good’.
5.  Your article will be published on an interactive journal platform with advanced metrics.

Find out more and submit your article at microbiologyresearch.org.


	Co-isolates of Acinetobacter baumannii complex in polymicrobial infections: a meta-analysis
	Abstract
	Introduction
	Methods
	Search strategy, eligibility criteria and data extraction
	Statistical analysis

	Results
	Study selection and study characteristics
	Microorganisms in polymicrobial pulmonary infections
	Microorganisms in polymicrobial bloodstream infections

	Discussion
	Conclusion

	References


