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Abstract

Objectives The objective of this study was to analyse the cost-effectiveness (C-E) of ceftazidime/
avibactam (CAZ/AVI)-based therapy versus colistin (COL)-based therapy for pneumonia and bac-
teraemia caused by carbapenem-resistant enterobacteria (CRE) adjusted to Peruvian context.
Methods A Markov decision model was extrapolated from literature to evaluate the clinical and 
economic consequences of CAZ/AVI-based therapy compared to COL-based therapy for a hypo-
thetical cohort of patients with CRE pneumonia or bacteraemia according to Peruvian context. It 
was adopted a 5-year time horizon and a Markov-cycle length of 1 year. All patients in the model 
were assigned to CRE pneumonia or bacteraemia state and may transit through four different 
health states: home-care, long-term care without dialysis, long-term care with dialysis or death.
Key findings Intervention with CAZ/AVI becomes progressively more cost-effective from a threshold of S/ 
24,000 or US$ 6666 (equivalent to 1 Gross Domestic Product-per cápita [GDP-pc]). The model simulation 
allowed to calculate an average total cost of S/ 2’971,582 (US$ 825,440) for CAZ/AVI against S/2’056,488 
(US$ 571.247) for COL treatment, yielding an incremental cost of S/ 915,094 (US$ 254,193). The cost/QALY for 
CAZ/AVI treatment against COL therapy approaches to S/23,154 (US$ 6432), something less than 1 annual 
GDP-pc. There were additional benefits associated with CAZ/AVI in the 5-year horizon, such as: 21 deaths 
avoided, 86 hospital days avoided, 1 CRF5 avoided and a NMB of S/6649 (US$ 1847).
Conclusions The present transferability model demonstrates the C-E of CAZ/AVI over COL for the 
treatment of bacteraemia and CRE pneumonia according to peruvian payment thresholds.
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Introduction

The World Health Organization (WHO) has published a list of 
antimicrobial resistant bacteria that area a threat to human health 

and for which new antibiotics need to be developed.[1] To this 
end, priority includes Gram-negative organisms, among which are 
carbapenem-resistant Enterobacteriaceae (CRE) that are associated 
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with poor outcomes and high mortality.[2, 3] Treatment options for 
these infections include combined β-lactam/β-lactamase inhibitor 
antimicrobials (ceftazidime-avibactam, piperacilin/tazobactam, 
meropenem/vaborbactam) and other antimicrobials such as colistin 
(COL) which is considered a first-line drug in contexts where the 
new combinations are not available or as a rescue treatment.[4, 5]

CAZ/AVI was approved by the U.S. Food and Drug Administration 
(FDA) in 2015, and it was registered in Peru by the Dirección General 
de Medicamentos, Insumos y Drogas (DIGEMID) in 2018.[6] Several 
studies regarding treatment of CRE-infections have shown higher clin-
ical cure rates, lower mortality and lower risk of nephrotoxicity with 
CAZ/AVI-based therapy compared to COL-based therapy,[4, 7, 8] being an 
important issue the high cost of CAZ/AVI.[9,10] In Peru, no C-E analysis 
has been conducted to date to determine the economic value of CAZ/AVI 
compared to the best alternative therapy. Our objective was to analyse 
the C-E of CAZ/AVI-based therapy versus COL-based therapy for pneu-
monia and bacteraemia caused by CRE adjusted to Peruvian context.

Method

A Markov decision model was extrapolated from Simon’s paper[10] 
to evaluate the clinical and economic consequences of CAZ/AVI-
based therapy compared to COL-based therapy for a hypothetical 
cohort of patients with CRE pneumonia or bacteraemia according to 
Peruvian context. In the base-case analysis, it was adopted a 5-year 
time horizon and a Markov-cycle length of 1 year. Nephrotoxicity is 
the variable that makes the difference between both interventions; 
therefore, it is relevant to follow the clinical course for several years 
considering the potential irreversibility of the damage and future de-
pendence on dialysis (with a high impact on future costs).

According to the model, all patients in the model were assigned 
to CRE pneumonia or bacteraemia state and may transit through 
four different health states: home care, long-term care without dia-
lysis, long-term care with dialysis or death (Figure 1). That is, pa-
tients who survive acute infection may develop nephrotoxicity which 
could be reversible or irreversible, requiring long-term dialysis.

In the Peruvian context, colistin treatment is the second-line strategy 
in cases of sepsis with clinical or microbiological failure to carbapenems 
(first-line therapy), but the nephrotoxicity of colistin itself is an adverse 
effect that complicates patient outcomes. Additionally, the authors repli-
cated and assessed the quality of the systematic review by Simon 2019. It 
was not considered necessary to modify the data considering that there 
was agreement with the opinion of some specialist doctors in Peru.

Dialysis was assumed to confer a 2.5-fold increase in the rela-
tive risk of all-cause mortality. After hospitalization, patients may 
be discharged to home or to long-term care (LTC) and then have an 
annual probability of all-cause mortality stratified according to their 
health state. CRE-related mortality and nephrotoxicity risk differ 
depending on treatment with CAZ/AVI or COL, whereas discharge 
disposition and long-term all-cause mortality were assumed to be 
equivalent regardless of treatment with COL or CAZ/AVI.

QALYs and other model inputs were extracted from Simon’s re-
port. QALYs were transferred since there is no social preferences 
study in Peru yet. By this way, utility values for hospitalization 
(0.73), home care (0.84), reversible nephrotoxicity (0.66), dialysis 
(0.59) and long-term care (0.64) were considered for this model.

Costs were estimated according to local prices with purchasing 
power parities exchange rates for currency. A 10-day treatment dur-
ation was assumed for antibiotic therapy. The costs of nephrotoxicity 
and long-term health care were assumed to be equivalent between 
COL and CAZ/AVI. Costs were estimated from local sources, espe-
cially from the forms of the Hospital Nacional Arzobispo Loayza 
(Ministry of Health [MoH]) and Hospital Nacional Guillermo 
Almenara Irigoyen (as an alternative source of costs).

To determine C-E, ICER were compared to local payment 
threshold of S/72,000/QALY or US$ 20,000/QALY (equivalent to 3 
GDP-pc for Peruvian context). Costs and QALYs were discounted at 
3% annually. The analysis was conducted from the MoH perspective.

According to Simon’s paper, since treatment for CRE infection 
often includes multiple antibiotic combinations (e.g. carbapenems, 
tigecycline and aminoglycosides), the costs of COL-based and CAZ/
AVI-based therapies were calculated as weighted averages using 
treatment regimen frequencies reported by van Duin et al. For in-
stance, in the COL-based therapy arm, 61% of patients received 
concomitant tigecycline. Therefore, the daily cost of tigecycline was 
multiplied by 0.61 and added to the daily cost of COL.

In summary, the main assumptions of the model were the following: 
(1) The efficacy and safety inputs were replicated from the Simon 2019 
systematic review, (2) The QALY values were replicated from the inter-
national literature, (3) The average time of antibiotic treatment was 
considered 10 days and an antibiotic combination scheme was similar 
to that reported in the international literature and (4) it was assumed 
that dialysis increases the risk of future death by 2.5 times.

Sensitivity analyses
To assess individual parameter uncertainty, inputs were changed individu-
ally in one-way sensitivity analyses across plausible ranges based on the 
literature. Overall model uncertainty was evaluated in probabilistic sen-
sitivity analysis by simultaneously conducting 1000 random draws from 
probability distributions specified for each variable. Microsimulation 
was evaluated according to some local hospital statistics.

Budget impact extended analysis
By first-order microsimulation of the decision tree we analysed the 
simulation of a cohort of 100 individuals (estimated number of pa-
tients who could benefit from CAZ/AVI intervention) to estimate 
the budget needed to treat this hypothetical cohort and some add-
itional impact results, such as ‘net monetary benefits (NMB)’, ‘death 
avoided’, ‘length-of-stay avoided’ and ‘CRF avoided’.

Results

Table 1 shows the inputs used in the model with respect to the base-
case analysis and Table 2 shows the main deterministic results from 

Figure 1 Markov Health States.  CRE, carbapenem resistant bacteria; LTC, 
long-term care.

Copyedited by: oup

D
ow

nloaded from
 https://academ

ic.oup.com
/jphsr/advance-article/doi/10.1093/jphsr/rm

ab015/6232328 by guest on 18 April 2021



Journal of Pharmaceutical Health Services Research, 2021, Vol. XX, No. XX 3

C-E analysis. The cost/QALY for CAZ/AVI treatment against COL 
therapy approaches to S/23,154 (US$ 6432), something less than 
1 annual GDP-pc, that is, S/24,000 (US$ 6666)  for the Peruvian 
case. Figure 2 shows the location of both treatment strategies at the 
C-E plane.

In the probabilistic analysis (Figure 3), we observe the point 
clouds for both strategies, which would suggest at first sight that 
CAZ/AVI treatment might have clear advantages over COL therapy. 
This advantage is reinforced in Table 3 where some estimates of the 
impact of effectiveness and costs are appreciated.

Figure 4 illustrates the acceptability curves that are generated 
with 1000 probabilistic model simulations (Monte Carlo simula-
tions) on a range of thresholds defined between S/. 0 and S/72,000 
or US$ 20,000 (equivalent to 3 GDP-pc). The ‘y’ axis corresponds to 
the proportion of simulations (iterations) considered cost-effective. 
In relation to the willingness to pay, it can be observed that the inter-
vention with CAZ/AVI becomes progressively more cost-effective 
from a threshold of S/24,000 or US$ 6666 (equivalent to 1 GDP-pc).

In Figure 5, it can be observed that probabilistic dispersion of 
cost/QALY (ICER) for CAZ/AVI treatment versus COL plots a 
points-cloud located below a payment threshold of 2.0 GDP-pc. This 
result shows the C-E of CAZ/AVI treatment under a reasonable scen-
ario of willingness to pay (1–3 GDP-pc).

A set of one-way sensitivity analysis brought together in a single 
graph (Tornado diagram) shows that the most sensitive variables 

of the model for the ICER modification are the mortality due to 
pneumonia. However, the ICER remains within the accessibility 
range considering the extreme probability margins for this variable 
(Figure 6).

Extended budget impact analysis
By means of a microsimulation of the model, we analysed a cohort of 
100 patients, which would be the number of potential patients with 
CRE infections according to some expert opinions. This model simu-
lation allowed to calculate an average total cost of S/2’971,582 (US$ 
825,440) for CAZ/AVI against S/2’056,488 (US$ 571.247) for COL 
treatment, yielding an incremental cost of S/915,094 (US$ 254,193). As 
can be observed in Table 3, there are additional benefits associated with 
CAZ/AVI in the 5-year horizon, such as 21 deaths avoided, 86 hospital 
days avoided, 1 CRF5 avoided and a NMB of S/6649 (US$ 1847).

Discussion

According to the model, the results obtained in the present study 
confirm the C-E of CAZ/AVI in comparison with COL for bacter-
aemia and CRE pneumonia in the Peruvian context. The incremental 
C-E rate (ICER) was S/23,154 (US$ 6432) per QALY gained and 
was within a local payment threshold of 3.0 GDP-pc (S/72,000 
or US$ 20,000). At the moment, CAZ/AVI is not included in the 
formularies of Peruvian public hospitals, despite of the reports of 

Table 1 Model inputs

Model input Base-case value Uncertainty range Distribution Reference

Probability values
CRE attributable mortality 0.41 0.2–0.6  10
Absolute risk reduction with CAZ/AVI 0.23 0.09–0.35 Triangular 10
Nephrotoxicity     
 COL 0.42 0.2–0.6 beta 10, 11
 CAZ/AVI 0.08 0.04–0.2 beta 4, 8, 10
Nephrotoxicity requiring in-hospital RRT 0.052 0–0.2  10
Nephrotoxicity requiring chronic RRT 0.024 0–0.05  11
Discharge to long-term care (LTC) 0.559 0.4–0.8  12
All-cause mortality, year 1     
 Home 0.356 0.15–0.55  13
 Long-term care 0.479 0.2–0.6  13
All-cause mortality, years 2–5     
 Home 0.112 0.05–0.25  13
 Long-term care 0.217 0.1–0.3  13
Relative risk of death on chronic RRT 2.5   10
Cost (S/)*    Local survey
Hospitalization (daily) 262 Mean: S/ 262  

Median: S/ 230
Log-Normal  

COL-based therapy (daily) 160 ±20% Triangular  
CAZ/AVI-based therapy (daily) 1200 ±20% Triangular  
Nephrotoxicity     
 Without RRT 524 ±20% Triangular  
 With RRT 2160 ±20% Triangular  
 Chronic dialysis (annual) 18,720 ±20% Triangular  
Long-term care (annual) 19,607 ±20% Triangular  
Utility values
Home (recovered) 0.84 0.5–0.95 Triangular 10
Hospitalization 0.73 0.4–0.95 Triangular 10
Nephrotoxicity (reversible) 0.66 0.4–0.8 Triangular 10
Long-term care 0.64 0.4–0.8 Triangular 10
Chronic dialysis 0.59 0.4–0.8 Triangular 10

CAZ/AVI, Cefatzidime/Avibactam; COL, Colistin; RRT, renal replacement therapy.
*Exchange rate: US$ 1.00 = S/ 3.60.
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polyclonal outbreaks of CRE,[14] with an apparent predominance of 
metallo-betalactamases (MBL) blaNDM-type.[15] This scenario needs to 
consider the use of alternative options to COL.

The current prevalence of systemic CRE infections and the clinical 
impact on attributed mortality or adverse effects derived from COL 
therapy in Peru are still unknown. Local studies have shown a significant 

increase in hospital costs for the treatment of urinary infections compli-
cated by Gram-negative bacilli resistant to carbapenems compared with 
the non-resistant groups (US$ 26,575 vs. US$ 3072, P = 0.006). Higher 
costs were associated with a high proportion of inadequate empirical 
treatments[16]; however, there appears to be no excess mortality in urinary 
CRE infection compared to pneumonia or bacteraemia (27%).[17]

Figure 2 Cost-effectiveness analysis. CAZ/AVI, cefatzidime/avibactam.

Figure 3 Cost-effectiveness scatterplot. CAZ/AVI, cefatzidime/avibactam. *Exchange rate: US$ 1.00 = S/ 3.60.

Table 2 Cost-effectiveness results (base-case analysis)

Strategy Cost* 
(S/)

Incr Cost* 
(S/)

Eff  
(QALYs)

Incr Eff 
(QALYs)

ICER* 
(S/)

CAZ/AVI referencing COL
COL 16,002  2.011   
CAZ/AVI 28,200 12,198 2.538 0.527 23,154

CAZ/AVI, Cefatzidime/Avibactam; COL, Colistin.
*Exchange rate: US$ 1.00 = S/ 3.60.
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Our analysis was based on some studies that support the clin-
ical benefit of CAZ/AVI in bacteraemia and pneumonia. Thus, for 
example, Shields et  al. showed that CAZ/AVI had greater clinical 

success at 30 days compared to COL (85% vs. 40%, P = 0.009) in 
carbapenem-resistant Gram-negative bacteraemia (97% of isolates 
were KPC), becoming a predictor of clinical success in multivariate 
logistic regression (OR = 8.64, CI95% 1.61–43.39, P  = 0.01).[8] In 
the secondary analysis of a retrospective cohort study that evaluated 
patients on mechanical ventilation with Klebsiella pneumoniae bac-
teraemia who received CAZ/AVI (100% KPC strains) versus control 
subgroup (87.1% KPC), microbiological eradication and clinical cure 
favoured CAZ/AVI (100% vs. 53.6%, P = 0.014; 81.8% vs. 53.6%, 
P  =  0.038, respectively).[18] Additionally, Tumbarello et  al. reported 
that mortality rates were lower in patients who received rescue therapy 
with CAZ/AVI for KPC-Klebsiella pneumoniae bacteraemia (87% 
combined with a second drug) compared with patients who received 
other drugs (double-carbapenem, COL + fosfomycin, COL mono-
therapy, among others) (36.5% vs. 55.8%, P = 0.005, respectively).[7]

The clinical benefit of these studies is apparently evident for 
KPC-type CRE infections. However, Infectious Diseases Society 
of America (IDSA) guidelines currently recommend CAZ/AVI as a 
therapy for systemic KPC and OXA-48 infections due to CRE, and 

Table 3 Impact on effectiveness and costs

Variable COL CAZ/AVI Difference

Total cost (S/)* 2,056,488 2,971,582 915,094
Total QALYs 224.5 270.6 46
NMB* 2,433,182 2,439,831 6,649
Deaths 41 20 −21
Length of stay 1594 1508 −86
CRF5 1 0 −1
Hospitalization costs (S/)* 24,628 2096 −22,532
Haemodialysis costs (S/)* 79,200 0 −79,200

CAZ/AVI, Cefatzidime/Avibactam; COL: Colistin; CRF5, chronic renal 
failure, stage 5; NMB, net monetary benefit.

*Exchange rate: US$ 1.00 = S/ 3.60.

Figure 4 Acceptability curve. CAZ/AVI, cefatzidime/avibactam. *Exchange rate: US$ 1.00 = S/ 3.60.

Figure 5 Incremental cost-effectiveness. CAZ/AVI, cefatzidime/avibactam; WTP, willingness to pay. *Exchange rate: US$ 1.00 = S/ 3.60.
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even in association with aztreonam in the case of MBL, leaving 
COL only as a last option in CKD cystitis due to excess mortality 
and nephrotoxicity.[19] Falcone et al. reported a 60% reduction in 
mortality, with the combination of CAZ/AVI plus aztreonam in 
102 episodes of MBL bacteraemia compared to other antimicro-
bial therapies (mainly COL), being the largest cohort to date.[20]

In Peru, the highest proportion of CRE resides in Klebsiella 
pneumoniae,[21] and susceptibility to CAZ/AVI has not been specified in 
local outbreaks; but the circulation of hypervirulent strains that select 
for multidrug resistance has been noted.[11] A study in Brazil showed 
that in vitro CAZ/AVI susceptibility of 30 clinical isolates of KPC-
Klebsiella pneumoniae was 96.7% vs. 46.7% for COL (EUCAST cri-
teria)[22] and maintains this advantage (86.9% vs. 76.8%) in non-MBL 
carbapenemases in other regional countries (Peru not included).[23] 
However, there are local data on resistance to COL in Enterobacteria, 
with identification of circulating mcr-1 gene,[24, 25] which has limited its 
massive use in the veterinary field recently.[26]

Sánchez et al. report an increase in COL consumption—expressed 
by the defined daily doses (DDD) as 4.69 DDD/100 bed-days—
as well as the preference of combination therapy for pneumonia 
and intra-abdominal infection by Acinetobacter baumannii and 
Pseudomona aeruginosa XDR[27] with a median duration of 17 days 
(range: 7–36 days). Local data on prescription preferences regarding 
treatment for systemic CKD infections are scarce,[28] but it can be 
assumed that combination therapies and longer treatments are used 
more frequently than is considered in our model.

The model included additional costs of other antimicrobials such 
as tigecycline, aminoglycosides and carbapenems for both COL and 
CAZ/AVI with a difference in total cost of S/915,094 (US$ 254,192). 
However, a recent network meta-analysis found no differences in 
mortality rate in patients undergoing combination therapy with 
CAZ/AVI versus monotherapy with CAZ/AVI for systemic infections 
due to CKD (direct evidence OR = 0.96, CI95%: 0.65–1.41), so the 
cost difference margin could be wider.[29]

The limitations of this study are derived from the inputs incorpo-
rated into the transferability model, which come from published and 
observational data, with potential biases in the estimation of costs and 
in the type of population analysed in the published trials, which may 

generate biases in model extrapolation. However, this risk was reduced 
with sensitivity analyses to evaluate modifications in the ICER. Second, 
CAZ/AVI does not have a solid support of clinical efficacy over MBL, 
which seems to predominate in Peru; however, rescue options in com-
bination with aztreonam have been proposed and should be evaluated 
prospectively. Third, with the Peruvian health system having a struc-
ture of several sub-sectors, it will be important to verify the cost-effect-
iveness from the perspective of each sub-sector in particular. Fourth, 
although this study included pneumonia and bacteraemia, mortality 
does not appear to be so high in the context of urinary infection due to 
CRE,[17] which affects the C-E of CAZ/AVI for this scenario.

In conclusion, our transferability model demonstrates the C-E 
of CAZ/AVI over COL for the treatment of bacteraemia and CRE 
pneumonia according to Peruvian payment thresholds. However, 
more local studies are needed to better estimate the local preva-
lence of CRE infections and the sensitivity to CAZ/AVI, in line 
with the implementation of rapid carbapenemase identification 
tests and consolidation of antimicrobial stewardship programs.

Funding
This study was sponsored by Pfizer Inc., Lima, Perú.

Conflict of Interest
R.B.-D. works for Pfizer Inc. as Health Economics and Outcomes Researcher. 
E.A.-Y. declares no conflict of interest. G.P.-L. declares no conflict of interest. 
C.S.-M. has provided consulting services on pharmacoeconomics for several 
pharmaceutical companies.

Author Contributions
All authors state that they had complete access and final decision over model 
design, data extraction/analysis and final manuscript writing.

Software Application
The software TreeAge Pro, Healthcare module, v.2020 was used for the 
analysis.

Figure 6 Tornado diagram for ICER. ARR, absolute risk reduction; CAZ/AVI, cefatzidime/avibactam; COL, colistin; mortPneumonia, mortality due to pneumonia; 
pNephrotox, Probability of nephrotoxicity. *Exchange rate: US$ 1.00 = S/ 3.60.

Copyedited by: oup

D
ow

nloaded from
 https://academ

ic.oup.com
/jphsr/advance-article/doi/10.1093/jphsr/rm

ab015/6232328 by guest on 18 April 2021



Journal of Pharmaceutical Health Services Research, 2021, Vol. XX, No. XX 7

Data Availability
Authors had complete access to published papers. Costs were obtained from 
the public rates keeping the perspective of the Ministry of Health.

References
 1. Willyard C. The drug-resistant bacteria that pose the greatest health threats. 

Nature 2017; 543(7643): 15. https://doi.org/10.1038/nature.2017.21550
 2. Venter  H. Reversing resistance to counter antimicrobial resistance in the 

World Health Organisation’s critical priority of most dangerous pathogens. 
Biosci Rep 2019; 39: BSR20180474. https://doi.org/10.1042/BSR20180474

 3. Morrill HJ, Pogue JM, Kaye KS et al. Treatment options for carbapenem-
resistant enterobacteriaceae infections. Open Forum Infect Dis 2015; 2: 
ofv050. https://doi.org/10.1093/ofid/ofv050

 4. van Duin D, Lok JJ, Earley M et al.; Antibacterial Resistance Leadership 
Group. Colistin versus ceftazidime-avibactam in the treatment of infec-
tions due to carbapenem-resistant enterobacteriaceae. Clin Infect Dis 
2018; 66: 163–71. https://doi.org/10.1093/cid/cix783

 5. Jean SS, Gould IM, Lee WS et al.; International Society of Antimicrobial 
Chemotherapy (ISAC). New drugs for multidrug-resistant gram-negative 
organisms: time for stewardship. Drugs 2019; 79: 705–14. https://doi.
org/10.1007/s40265-019-01112-1

 6. DIGEMID. Solicitudes de registro sanitario. http://www.digemid.minsa.
gob.pe/solregprodfarma.asp (13 October 2020, date last accessed).

 7. Tumbarello M, Trecarichi EM, Corona A et  al. Efficacy of ceftazidime-
avibactam salvage therapy in patients with infections caused by Klebsiella 
pneumoniae carbapenemase-producing K.  pneumoniae. Clin Infect Dis 
2019; 68: 355–64. https://doi.org/10.1093/cid/ciy492

 8. Shields RK, Nguyen MH, Chen L et al. Ceftazidime-avibactam is superior 
to other treatment regimens against carbapenem-resistant Klebsiella 
pneumoniae bacteremia. Antimicrob Agents Chemother 2017; 61: 
e00883-17. https://doi.org/10.1128/AAC.00883-17

 9. Mosley JF 2nd, Smith LL, Parke CK et al. Ceftazidime-Avibactam (Avycaz): 
for the treatment of complicated intra-abdominal and urinary tract infec-
tions. P T 2016; 41: 479–83.

 10. Simon MS, Sfeir MM, Calfee DP et al. C-E of ceftazidime-avibactam for 
treatment of carbapenem-resistant Enterobacteriaceae bacteremia and 
pneumonia. Antimicrob Agents Chemother 2019; 63: e00897-19. https://
doi.org/10.1128/AAC.00897-19

 11. Vardakas KZ, Falagas ME. Colistin versus polymyxin B for the treatment 
of patients with multidrug-resistant Gram-negative infections: a system-
atic review and meta-analysis. Int J Antimicrob Agents 2017; 49: 233–8. 
https://doi.org/10.1016/j.ijantimicag.2016.07.023

 12. Guh AY, Bulens SN, Mu Y et al. Epidemiology of carbapenem-resistant 
enterobacteriaceae in 7 US Communities, 2012-2013. JAMA 2015; 314: 
1479–87. https://doi.org/10.1001/jama.2015.12480

 13. Ehlenbach  WJ, Gilmore-Bykovskyi  A, Repplinger  MD et  al. Sepsis sur-
vivors admitted to skilled nursing facilities: cognitive impairment, activ-
ities of daily living dependence, and survival. Crit Care Med 2018; 46: 
37–44. https://doi.org/10.1097/CCM.0000000000002755

 14. Krapp F, Amaro C, Ocampo K et al. 1189. A comprehensive character-
ization of the emerging carbapenem-resistant Klebsiella pneumoniae clin-
ical isolates from a public hospital in Lima, Peru. Open Forum Infect Dis 
2018; 5(Suppl 1): S359–S360. https://doi.org/10.1093/ofid/ofy210.1022

 15. Sacsaquispe-Contreras R, Bailón-Calderón H. Identificación de genes de 
resistencia a carbapenémicos en enterobacterias de hospitales de Perú, 
2013–2017. Rev Peru Med Exp Salud Publica 2018; 35: 259–64. https://
doi.org/10.17843/rpmesp.25Y.25v25i.3474

 16. Hercilla  L, Perez  G, Illescas  R et  al. 2035. Clinical and economic out-
comes in patients with complicated urinary tract infection (cUTI) and 

complicated intra-abdominal infection (cIAI) in Perú: impact of Gram-
negative organisms (GNO) resistant to antibiotics. Open Forum Infect Dis 
2019; 6(Suppl 2): S684. https://doi.org/10.1093/ofid/ofz360.1715

 17. Hauck C, Cober E, Richter SS et al.; Antibacterial Resistance Leadership 
Group. Spectrum of excess mortality due to carbapenem-resistant 
Klebsiella pneumoniae infections. Clin Microbiol Infect 2016; 22: 513–9. 
https://doi.org/10.1016/j.cmi.2016.01.023

 18. Tsolaki V, Mantzarlis K, Mpakalis A et al. Ceftazidime-avibactam to treat 
life-threatening infections by carbapenem-resistant pathogens in critically 
ill mechanically ventilated patients. Antimicrob Agents Chemother 2020; 
64: e02320-19. https://doi.org/10.1128/AAC.02320-19

 19. Tamma  PD, Aitken  SL, Bonomo  R et  al. Infectious Diseases Society of 
America Antimicrobial Resistant Treatment Guidance: Gram-Negative 
Bacterial Infections. https://www.idsociety.org/practice-guideline/amr-
guidance/ (October 13 2020, date last accessed).

 20. Falcone M, Daikos GL, Tiseo G et al. Efficacy of ceftazidime-avibactam 
plus aztreonam in patients with bloodstream infections caused by metallo-
β-lactamase–producing enterobacterales. Clin Infect Dis 2020; May 19: 
ciaa586. https://doi.org/10.1093/cid/ciaa586

 21. Angles-Yanqui  E, Huaringa-Marcelo  J, Sacsaquispe-Contreras  R et  al. 
[Panorama of carbapenemases in PeruUm panorama das carbapenemases 
presentes no Peru]. Rev Panam Salud Publica 2020; 44: e61. https://doi.
org/10.26633/RPSP.2020.61

 22. Rossi F, Cury AP, Franco MRG et al. The in vitro activity of ceftazidime–
avibactam against 417 Gram-negative bacilli collected in 2014 and 2015 
at a teaching hospital in São Paulo, Brazil. Brazil. Braz J Infect Dis 2017; 
21: 569–73. https://doi.org/10.1016/j.bjid.2017.03.008

 23. Stone  GG, Ponce-de-Leon  A. In vitro activity of ceftazidime/avibactam 
and comparators against Gram-negative bacterial isolates collected from 
Latin American centres between 2015 and 2017. J Antimicrob Chemother 
2020; 75: 1859–73. https://doi.org/10.1093/jac/dkaa089

 24. Hernández-Gómez  C, Hercilla  L, Mendo  F et  al. Programas de 
optimización del uso de antimicrobianos en Perú: Un acuerdo sobre 
lo fundamental. Rev Chil infectología 2019; 36: 565–75. https://doi.
org/10.4067/S0716-10182019000500565

 25. Ugarte Silva RG, Olivo López  JM, Corso A et al. Resistencia a colistín 
mediado por el gen mcr-1 identificado en cepas de Escherichia coli y 
Klebsiella pneumoniae. Primeros reportes en el Perú. An Fac med 2018; 
79: 213–7.

 26. Diario El Peruano.  02 de diciembre 2019. Resolución Directoral 
N° 0091-2019-MINAGRI-SENASA-DIAIA. Disponen prohibir la 
importación,comercialización, fabricación o elaboración de productos 
veterinarios que contengan el principio activo COLa (Polimixina E) o 
cualquiera de sus sales y dictan diversas disposiciones. https://busquedas.
elperuano.pe/normaslegales/disponen-prohibir-la-importacion-
comercializacion-fabricac-resolucion-directoral-no-0091-2019-minagri-
senasa-diaia-1832393-1/ (13 October 2020, date last accessed).

 27. Sánchez I, Ticla V. Utilización de COLa en pacientes hospitalizados en el 
Servicio de Medicina Interna del Hospital Nacional Edgardo Rebagliati 
Martins-EsSalud, enero - marzo 2017 [Tesis]. Lima: Universidad Nacional 
Mayor de San Marcos, Facultad de Farmacia y Bioquímica, Escuela 
Profesional de Farmacia y Bioquímica, 2019.

 28. Resurrección-Delgado  C, Montenegro-Idrogo  JJ, Chiappe-Gonzalez  A 
et al. [Klebsiella pneumoniae New Delhi metalo-lactamase in a Peruvian 
National Hospital]. Rev Peru Med Exp Salud Publica 2017; 34: 261–7. 
https://doi.org/10.17843/rpmesp.2017.342.2615

 29. Fiore M, Alfieri A, Di Franco S et al. Ceftazidime-avibactam combination 
therapy compared to ceftazidime-avibactam monotherapy for the treat-
ment of severe infections due to carbapenem-resistant pathogens: a sys-
tematic review and network meta-analysis. Antibiotics (Basel) 2020; 9: 
388. https://doi.org/10.3390/antibiotics9070388

Copyedited by: oup

D
ow

nloaded from
 https://academ

ic.oup.com
/jphsr/advance-article/doi/10.1093/jphsr/rm

ab015/6232328 by guest on 18 April 2021

https://doi.org/10.1038/nature.2017.21550
https://doi.org/10.1042/BSR20180474
https://doi.org/10.1093/ofid/ofv050
https://doi.org/10.1093/cid/cix783
https://doi.org/10.1007/s40265-019-01112-1
https://doi.org/10.1007/s40265-019-01112-1
http://www.digemid.minsa.gob.pe/solregprodfarma.asp
http://www.digemid.minsa.gob.pe/solregprodfarma.asp
https://doi.org/10.1093/cid/ciy492
https://doi.org/10.1128/AAC.00883-17
https://doi.org/10.1128/AAC.00897-19
https://doi.org/10.1128/AAC.00897-19
https://doi.org/10.1016/j.ijantimicag.2016.07.023
https://doi.org/10.1001/jama.2015.12480
https://doi.org/10.1097/CCM.0000000000002755
https://doi.org/10.1093/ofid/ofy210.1022
https://doi.org/10.17843/rpmesp.25Y.25v25i.3474
https://doi.org/10.17843/rpmesp.25Y.25v25i.3474
https://doi.org/10.1093/ofid/ofz360.1715
https://doi.org/10.1016/j.cmi.2016.01.023
https://doi.org/10.1128/AAC.02320-19
https://www.idsociety.org/practice-guideline/amr-guidance/
https://www.idsociety.org/practice-guideline/amr-guidance/
https://doi.org/10.1093/cid/ciaa586
https://doi.org/10.26633/RPSP.2020.61
https://doi.org/10.26633/RPSP.2020.61
https://doi.org/10.1016/j.bjid.2017.03.008
https://doi.org/10.1093/jac/dkaa089
https://doi.org/10.4067/S0716-10182019000500565
https://doi.org/10.4067/S0716-10182019000500565
https://busquedas.elperuano.pe/normaslegales/disponen-prohibir-la-importacion-comercializacion-fabricac-resolucion-directoral-no-0091-2019-minagri-senasa-diaia-1832393-1/
https://busquedas.elperuano.pe/normaslegales/disponen-prohibir-la-importacion-comercializacion-fabricac-resolucion-directoral-no-0091-2019-minagri-senasa-diaia-1832393-1/
https://busquedas.elperuano.pe/normaslegales/disponen-prohibir-la-importacion-comercializacion-fabricac-resolucion-directoral-no-0091-2019-minagri-senasa-diaia-1832393-1/
https://busquedas.elperuano.pe/normaslegales/disponen-prohibir-la-importacion-comercializacion-fabricac-resolucion-directoral-no-0091-2019-minagri-senasa-diaia-1832393-1/
https://doi.org/10.17843/rpmesp.2017.342.2615
https://doi.org/10.3390/antibiotics9070388

