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Purpose: Due to the spread of antimicrobial-resistant bacteria and poor penetration of many antimicrobial drugs across the blood—
brain barrier following intravenous administration, treatment of central nervous system (CNS) infections is challenging, especially
infections caused by carbapenem-resistant organisms (CRO). Intraventricular (IVT) infusion of antimicrobial drugs could be a choice.
This report aims to describe a patient with CNS infection caused by carbapenem-resistant Acinetobacter baumannii (CRAB) which
was successfully treated with IVT combined with intravenous (IV) colistin sulfate.

Methods: A case of CNS infection caused by CRAB after a craniocerebral injury was presented. The patient was treated with IVT
together with IV colistin sulfate. Moreover, literature on the regimens and safety of colistin sulfate were also reviewed and
summarized.

Results: Intraventricular (50,000 U, qd/100,000 U, qd) combined with IV (500,000 U, q12h/500,000 U, q8h) colistin sulfate was
given to the patient, and the CNS infection was successfully controlled. The patient was finally transferred back to a local hospital for
rehabilitation treatment. No nephrotoxicity or neurotoxicity was observed during the therapy.

Conclusion: IV combined with IVT colistin sulfate is effective in the treatment of CNS infections caused by CRAB. IVT concomitant
IV colistin sulfate might be a therapeutic option worth considering in the treatment of CNS infections caused by CRO.

Keywords: central nervous system infection, Acinetobacter baumannii, intraventricular administration, colistin sulfate, colistin,

polymyxin

Introduction

Central nervous system (CNS) infection is one of the common complications after neurosurgery. Published studies have
reported the incidence of postoperative CNS infections after neurosurgical procedures to be 4.6%25%." With the rapid
spread of carbapenem-resistant organisms (CRO), CNS infections caused by these organisms are also increasing.
However, CNS infections caused by CRO are challenging to treat due to the limited available antimicrobial options.
Colistin-based combination therapy has become the last-line treatment of CNS infections caused by CRO.? Currently,
only three forms of polymyxins are clinically available in China, ie, colistimethate sodium (CMS), polymyxin B sulfate,
and colistin sulfate. Of which, colistin sulfate was developed independently in China, by the Institute of Antibiotics,
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Chinese Academy of Medical Sciences in 1966. In 2011, the Shanghai Huashan Antibiotic Research Institute of Fudan
University applied to the Shanghai Food and Drug Administration to resume production. After process improvements
were carried out for the drug, colistin sulfate was re-introduced to the market in 2018. Numerous studies on polymyxins
have been published, especially on CMS. Although colistin sulfate and CMS are both forms of polymyxin E, these two
drugs should be distinguished. CMS is the form of inactive prodrug which needs to be converted into the active moiety
(colistin) to exert its bactericidal effect. While colistin sulfate is an active form with bactericidal activity that does not
require conversion. A study has shown that when given at the same dose, the nephrotoxicity of colistin sulfate is lower
than that of CMS.? Colistin sulfate has similar pharmacokinetic characteristics to that of polymyxin B sulfate.* At
present, the clinical efficacy and safety of polymyxin B have been widely reported, but studies on those of colistin sulfate
are still limited. In this study, we report a case of CNS infection caused by carbapenem-resistant Acinetobacter
baumannii (CRAB) after a craniocerebral injury. Based on the results of the antimicrobial susceptibility test and
considering the penetration of antimicrobial agents into the CNS, the patient was treated with colistin sulfate (colistin
sulfate for injection, Shanghai SPH New Asia Pharmaceutical Co. Ltd., Shanghai, China) intravenously and
intraventricularly.

Case Report

A 55-year-old male patient with a body mass index (BMI) of 23.66 kg/m’> was admitted to our hospital on
10 January 2023. Twenty days ago, he fell from a height resulting in a severely closed craniocerebral injury. The patient
underwent intracerebral hematoma evacuation and decompressive craniectomy in our hospital. Neurological nutrition,
postoperative prophylaxis for infections and epilepsy, together with symptomatic treatment were given to the patient. He
was subsequently discharged to a rehabilitation hospital for functional recovery after his condition stabilized. However,
the patient presented with a decreased level of consciousness during the rehabilitation process. The pressure in the area of
the right cranial craniotomy was high with significant protrusion. The patient was re-admitted to our hospital.

At admission, the patient was in a comatose state and unable to cooperate with the physical examination. Bilateral
pupils were unequal, with left pupil of 2.5 mm and right pupil of 3.0 mm. The patient was slow in response to light
reflex. The tracheotomy was unobstructed, with rough breathing sounds heard in the lungs. The patient’s neck had
a strong grip with three fingers, while the muscle strength of all limbs was at level 1 and the muscle tension was high.
Physiological reflexes were presented, and pathological signs were detected in the lower limbs. The clinical features of
the patient at admission described in this report are listed in Table 1. The patient was clinically diagnosed with
hydrocephalus following severe closed traumatic brain injury.

After admission, ceftriaxone (2 g, qd) was commenced as an empirical treatment and an extraventricular drainage was
performed the next day. On postoperative Day 2, the patient’s temperature (T), pulse rate (P), and respiratory rate (R)
increased to 38.6 °C, 120/min, and 33/min respectively (Table 2), presenting with consciousness coma. Postoperative
examination showed that the procalcitonin (PCT) was 22.09 ng/mL, WBC was 7.95x10°/L, and N% was 94.5%. An
extraventricular drainage yielded clouded cerebrospinal fluid (CSF) with an RBC 230x10°/L, nucleated cell count 103x10%/
L, GLU 0.11 mmol/L, lactate dehydrogenase 549 U/L, lactate 14.32 mmol/L, protein 1115 mg/L and albumin 539 mg/L.
The brain computed tomography (CT) scan revealed a localized bulge in the right frontal-temporal lobe, with subdural
effusion in the right frontal lobe. Low-density shadows were seen in the frontal lobes, the right basal ganglia, and the
temporal lobe. Multiple small nodular enhancements were observed in the right temporal lobe, while there were patchy
slightly high-density shadows in the right solid brain posterior horn (Figure 1A). Ceftriaxone was withdrawn and treatment
with vancomycin (0.5 g, g6h) and meropenem (1 g, g8h) was commenced due to the aggravation of CNS infection.

On postoperative Day 3, culture of CSF revealed CRAB, and the broth microdilution method was used for the
antimicrobial susceptibility test. Susceptibility results showed resistance to cefoperazone-sulbactam, amikacin, gentami-
cin, imipenem, meropenem, cefepime, cotrimoxazole, intermediately susceptible to tigecycline, and susceptible to
colistin sulfate with a minimum inhibitory concentration (MIC) of 1 mg/L. Subsequently, combination therapy with
intravenous (500,000 U, q12h) and intraventricular (50,000 U, qd) colistin sulfate was commenced.

Five days later (on postoperative Day 8), therapeutic drug monitoring (TDM) showed that the concentrations of
colistin sulfate in CSF and blood were 2.26 pg/mL and 0.86 pg/mL, respectively. However, the infection was not

6030 "¢ Infection and Drug Resistance 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Yang et al

Table | Clinical Characteristics of the Patient at

Admission
Parameters Values
Temperature (T, °C) 38
Pulse rate (P, min ') 98
Respiratory rate (R, min ') 20
WBC (x10°/L) 11.87
Neutrophils (percent, N%) 93.6
RBC (x10'%L) 2.79
GLU (mmol/L) 9.97
ALT (U/L) 165
AST (U/L) 122
ALB (g/L) 29.8
TBil (umol/L) 16.8
DBil (umol/L) 1.1
Creatinine (umol/L) 50
Uric acid (umol/L) 142
eGFR (mL/min) 116.8

Abbreviations: WBC, white blood cell count; RBC, red blood
cell count; GLU, glucose; ALT, alanine transaminase; AST, aspar-
tate transaminase; ALB, albumin; TBil, total bilirubin; DBil, direct
bilirubin; eGFR, glomerular filtration rate.

controlled, the results of laboratory tests were as follows: WBC was 14.84x 109/L, N% was 84.8%, and PCT was 4.88 ng/
mL. CSF biochemistry: CSF protein was positive, RBC was 2900x10%L, nucleated cell count was 2400x10%L, GLU
was 1.14 mmol/L, lactate dehydrogenase was 857 U/L, lactic acid was 10.08 mmol/L, CSF total protein was 1321 mg/L,
and CSF albumin was 680 mg/L. Therefore, colistin sulfate was adjusted to 100,000 U qd intraventricularly and 500,000
U g8h intravenously.

On postoperative Day 13, the bacterial culture of CSF became negative, and the blood routine and CSF inflammation
indicators were significantly improved. WBC was 12.16x10°/L, N% was 76.5%, RBC was 2.9x10'%/L, interleukin-6 (IL-
6) was 13.11 pg/mL, PCT was 0.26 ng/mL, and C-reactive protein (CRP) was 9.4 mg/L. CSF Biochemistry: CSF protein
was qualitatively positive, RBC was 5x10°/L, nucleated cell count was 150x10%L, GLU was 1.9 mmol/L, lactate
dehydrogenase was 245 U/L, lactic acid was 7.63 mmol/L, CSF total protein was 1655 mg/L, and CSF albumin was
962 mg/L. The trough concentration of colistin sulfate in blood and CSF were 1.41 pg/mL and 4.31pg/mL, respectively.
The treatment regimen of IV and IVT colistin sulfate was maintained. Four days later (on postoperative Day 17), the CSF
cultures of 3 samples did not isolate A. baumannii. The patient’s temperature returned to normal, and the infection
indicators were significantly improved: PCT was 0.17 ng/mL, WBC was 10.7x10°/L, and N% was 76.2%. CSF
biochemistry: CSF protein was qualitatively weakly positive, RBC was 16x10°/L, nucleated cell count was 187x10%/
L, GLU was 2.45 mmol/L, lactate dehydrogenase was 140 U/L, lactic acid was 6.66 mmol/L, and CSF albumin was
668 mg/L. The follow-up brain CT scan showed that the swelling of the right frontal, parietal, and temporal brain tissues
and subdural effusion at the right frontal lobe were improved. A decrease in the size of the low-density shadows was seen
which was previously observed in the frontal lobes, right basal ganglia, and temporal lobe. No substantial enhancement

in the multiple minor nodular in the right temporal lobe compared with that on postoperative Day 2 (Figure 1B).
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Table 2 Summary of Key Laboratory Data and Antibiotic Treatment, Days |-22, During Hospitalization

Day of Admission

Key Laboratory Data

Antimicrobial Regimen

Day | (January 10th)

T 37.6°C
Blood routine: WBC 11.87x10%/L, N 93.6%

Ceftriaxone 2 g qd IV

Day 4 (January |3th/on postoperative Day 2)

T 38.6°C

PCT 22.09 ng/mL

Blood routine: WBC 7.95X|09/L, N 94.5%
Nucleated cells count 103x108/L

GLU <0.11 mmol/L

CSF total protein: 1115 mg/L

CSF albumin: 539mg/L

Meropenem | g q8h IV;
Vancomycin 500 mg qé6h IV

Day 5 (January l4th/on postoperative Day 3)

T 39.6°C
CSF bacterial culture: CRAB
Blood routine: WBC 7.25><|09/L, N 78.8%

Meropenem | g q8h IV;
Vancomycin 500 mg q6h IV;
Colistin sulfate 50,000 U qd IVT;
Colistin sulfate 500,000 U ql2h IV

Day 10 (January 19th/on postoperative Day 8)

T 38.6°C

PCT 4.88 ng/mL

Blood routine: WBC 14.84x109/L, N 84.4%
CSF: protein positive

Nucleated cells count: 2400 10%/L

GLU: 1.14 mmol/L

CSF total protein: 1321 mg/L;

CSF albumin: 680 mg/L

Meropenem | g q8h IV;
Vancomycin 500 mg qéh IV;
Colistin sulfate 100,000 U qd IVT;
Colistin sulfate 500,000 U q8h IV

Day |5 (January 24th/on postoperative Day |3)

T 38°C

PCT 0.26 ng/mL

IL-6 13.11 pg/mL

CRP 9.4 mg/L

CSF bacterial culture: negative
Blood routine: WBC 12.16x |09/L, N 76.5%
CSF: protein weakly positive
Nucleated cells count: 150%10°/L
GLU: 1.9 mmol/L

CSF total protein: 1655 mg/L
CSF albumin: 962 mg/L

Regimen maintained

Day 19 (January 28th/on postoperative Day 17)

T 37.6°C

PCT 0.17 ng/mL

CSF bacterial culture: negative

Blood routine: WBC |0.7XI09/L, N 76.2%
CSF: protein weakly positive

Nucleated cell count: 187x10°/L

GLU: 2.45 mmol/L

CSF total protein: 1087 mg/L

CSF albumin: 668 mg/L

Regimen maintained

Day 22 (January 3lst/on postoperative Day 20)

T 37.2°C

PCT 0.15 ng/mL

CSF bacterial culture: negative

Blood routine: WBC 9.65x%10%/L, N 69.1%
CSF: protein weakly positive

Nucleated cell count: 12x10%/L

GLU: 2.31 mmol/L

Meropenem | g q8h IV;
Vancomycin 500 mg qéh 1V;
Colistin sulfate 500,000 U q8h IV
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Figure | The brain CT images during hospitalization. (A) The Brain CT on January |3 (on postoperative Day 2); (B) the Brain CT on January 27 (on postoperative Day 17).
The areas indicated by the red arrows in (A and B) are the sites of infection. After treatment, a significant improvement in infection was seen, as shown in (B).

Therefore, IVT colistin sulfate was discontinued, while IV was maintained. Three days later, the patient’s infection was
effectively controlled (Table 2), and he was transferred back to a local hospital for rehabilitation treatment.

Literature Review

Colistin sulfate and CMS are two common, clinically available forms of polymyxin E. CMS is an inactive prodrug that
needs to be converted into active colistin (polymyxin E) in vivo. Currently, CMS is widely available in many countries,
while colistin sulfate is only clinically available in China, resulting in limited data on efficacy and safety in clinical
applications. A systematic literature search in PubMed and relevant biomedical Chinese databases was performed to
study in depth the efficacy and safety of colistin in infections. A total of 14 articles that reported different administration
routes, treatment regimens, clinical responses, and nephrotoxicity of colistin sulfate were identified (Table 3). Overall,
current clinical data showed considerably lower nephrotoxicity of colistin sulfate than those of both polymyxin B and
CMS reported in the literature.” In addition, no adverse events were identified for intrathecal (ITH) and IVT colistin
sulfate in the reported cases, but further clinical studies are still needed to comprehensively evaluate the safety of
combined IV and IVT/ITH colistin sulfate.

Discussion

According to the recommendations from a domestic expert consensus on the diagnosis and treatment of CNS infections
in craniocerebral surgery, ceftriaxone, vancomycin, and meropenem were chosen as initial empirical treatments con-
cerning their penetration into CNS.'? In this case, CSF cultures were positive for CRAB. Results of the antimicrobial
susceptibility test showed that the CRAB was resistant to amikacin, cefoperazone sulbactam, intermediately susceptible
to tigecycline, and only susceptible to colistin sulfate. However, tigecycline was excluded from consideration due to the
intermediate sensitivity, the limited penetration into CSF?* and the severe adverse reaction that occurred in intrathecal
injection.?' The monitoring data by the China Antimicrobial Surveillance Network (CHINET) showed that the resistance
rate of CRAB to colistin sulfate was very low (around 1.0%).** Unfortunately, studies revealed that only 5% of
intravenous colistin crossed into the CSF, and this penetration ratio did not exceed 25% even in patients with meningitis
whose blood—brain barrier was disrupted.”® IVT is a method of injecting a drug directly into the subarachnoid space
through a lumbar puncture, allowing the drug to infiltrate the CSF without passing through the blood—brain barrier and
reaching its effective concentration quickly.* The domestic expert consensus on polymyxins recommended that colistin
sulfate IV and IVT injection combined with meropenem should be used for the treatment of CNS infections caused by
CRO.?® Although CRAB is resistant to meropenem, the combination of meropenem and polymyxin B has a potential
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Table 3 Summary of Clinical Applications of Colistin Sulfate Reported in the Literature

Medication | Dosage Regimen Treatment Bacteria Number Clinical Nephrotoxicity | References
Duration (Days) of Cases Response
IV+As/IV IV 1.5 million U2-3times/dy; | 11.63£5.96 CRO 42 59.52% None [4]
+ITH As0.25 million Uql2h IVT/
ITH 50000 U q24h
IV+As As 0.5-1.0 million U/day 8.8%| MDR-GNB 9 88.90% None [6]
\% IV 10,000-20,000 U/kg - CRO 80 73.1-94.4% 6.30% [7]
v IV 1.0 million U BID 14 MDR-AB 39 87.20% 5.10% [8]
\% IV 0.5-1.5 million U/day 22.2 (10—55) MDR-GNB 10 75.00% None [9]
\% IV 1.0-1.5 million U/day 14.35 (14~21) PDR-AB PDR-PA | I5 90.00% 6.70% [10]
v IV 1.0-1.5 million U/day 22.316.2 MDR-GNB ) 73.30% None [
v IV 1.5 million U/day - CRAB CRKP 20 75.00% None [12]
\% IV 1.0-1.5 million U/day - CRO 50 58.00% 6.00% [13]
IV+As /lv As 0.25 million U ql2h 14 MDR-GNB 16 71.00%/41.9% | 16.10%/9.7% [14]
v 2.0 million U/day 35 (23-59) CRO 19 53.80% 9.20% [15]
IVHIVT IV 0.5 million U q8h IVT 9 MDR-AB | 100.00% None [16]
50000 U qd
IV+ITH IV 0.75 million U ql2h - CRKP | 100.00% None [17]
ITH 50000 U qd/qod
IV+As IV 0.75 million U q12h 6 XDRAB | 100.00% None [18]
As 0.25 million U ql2h

Abbreviations: |V, intravenous; As, aerosolise; ITH, intrathecal; IVT, intraventricular; MDR-GNB, multidrug-resistant gram-negative bacteria; AB, Acinetobacter baumannii;
CR, carbapenem-resistant; KP, Klebsiella pneumoniae; PA, Pseudomonas aeruginosa; PDR, pan-drug resistance.

synergistic effect on CRAB.?® Meanwhile, meropenem could reach a high concentration in the CSF and the efficacy
could be enhanced by prolonging the infusion time.?” After administration of IVT colistin sulfate 50,000 U qd combined
with IV 500,000 U q12h for 5 days, the inflammatory indicators of CSF remained abnormal, despite a decrease in PCT.
Considering the severity of the infection and the presence of a drainage tube, IVT colistin sulfate was adjusted to 100,000
U qd combined with IV 500,000 U q8h, and treatment was continued for another 9 days. Finally, compared to before,
a significant improvement in the infection was seen showing by the subsequent examination results of blood routine
and CSF.

In this case, the patient’s infectious characteristics by CSF biochemistry, blood routine, and temperature all showed
significant improvements. The infection was solved indicated by the CSF-negative cultures from 3 consecutive samples
taken on different days. The patient was transferred back to a local hospital for continued rehabilitation therapy. The
duration of antimicrobial treatment after the diagnosis of intracranial infection was 21 days, which was consistent with
the treatment course recommended by the multidisciplinary expert consensus on the rational clinical application of
polymyxin antibacterial drugs in China.”® In the current case, the duration of intraventricular administration of colistin
sulfate was 14 days. Due to the lack of guidelines recommending the optimal duration of intraventricular administration
of colistin sulfate, our treatment regimen was decided based on the patient’s clinical response. The treatment duration of
IVT and ITH colistin sulfate varied from study to study, while guidelines recommended a duration of 10-21 days for ITH
and IVT polymyxin B.'*'7?*° A mean treatment duration of 18 days for polymyxin B administered through the IVT or
ITH route is recommended by the international consensus guidelines for the optimal use of the polymyxins.>® The

optimal treatment duration of IVT colistin sulfate is still unclear, and more clinical studies are required.
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Several studies have shown that IVT and ITH CMS and polymyxin B have positive efficacy in the treatment of CNS
infections.>' 7 However, the clinical data on the treatment regimen of ITH and IVT colistin sulfate are extremely
limited. Currently, recommendations on doses of IVT/ITH polymyxins have been reported as polymyxin B (50,000 U/
day) and CMS (125,000 U/day).**** However, the doses of IVT and ITH colistin sulfate are more clinical and empirical-
based. The 2017 Infectious Diseases Society of America’s Clinical Practice Guidelines recommend that according to the
ventricular size and daily output of ventricular drainage, dosages, and intervals of intraventricular antimicrobial therapy
should be adjusted to achieve CSF antimicrobial concentrations 10—20 times the MIC of the causative microorganism.*®
In a study on IVT CMS (100,000 U), the average MIC was 2.91+2.1 pg/mL, and the MIC breakpoint for A. baumannii is
2 pg/mL.** According to the European Committee for Antimicrobial Susceptibility Testing (EUAST) and the Clinical
and Laboratory Standards Institute (CLSI), the expected clinical efficacy might not be achieved at this administration
dose. Lu et al reported that a patient with CNS infection caused by multidrug-resistant (MDR) Klebsiella pneumoniae
was given 50,000 U ITH colistin sulfate and achieved good clinical efficacy.'” The authors concluded that when
administrated at a dose recommended by the international consensus guidelines for optimal use of polymyxins,
polymyxin B and colistin sulfate have similar pharmacokinetic characteristics.”® Unfortunately, the authors did not
monitor the CSF concentration of colistin sulfate. In other cases, intraventricularly colistin sulfate administration at
50,000 U results in a CSF concentration of 2.478 mg/L.16 However, it was difficult to evaluate the clinical efficacy of
these dosing regimens because the treatment duration of colistin sulfate was insufficient due to the dislodgement of the
drainage tube. In this case, when administered colistin sulfate in the ventricle at a dose of 50,000 U, the trough
concentration in the CSF was 2.26 pg/mL, which did not achieve good clinical efficacy. Therefore, IVT colistin sulfate
was modified to 100,000 U qd. After each dose, the drainage tube was clamped for two hours to allow the antimicrobial
drug to achieve an equilibrium distribution in the CSF. Five days later, a CSF sample was collected after obtaining the
patient’s consent, and the trough concentration of colistin sulfate in CSF increased to 4.31 ug/mL, while the plasma
concentration of colistin sulfate was 1.41 pg/mL. A satisfied clinical efficacy was achieved, and the infection was
effectively controlled under this dosing regimen.

In our case, unlike other reports, an intraventricular dose of 100,000 U colistin sulfate instead of 50,000 U was given.
Surprisingly, no nephrotoxicity or neurotoxicity, such as chemical ventriculitis, chemical meningitis, and seizures, were
found during the treatment. In contrast, in a retrospective study on polymyxin B and CMS, toxicity possibly related to the
topical use of polymyxins was found in 17 out of 60 patients, of which, the most common toxicity in 12 cases was
meningeal irritation.* Similarly, in a study by Karaiskos et al, adverse events including chemical meningitis/ventriculitis
occurred in 11% (9/81) of patients who received IVT/ITH CMS.*® Taking overall, we could infer that IVT colistin sulfate
might be a safer option. Individualized dosing and monitoring of drug concentrations in the CSF could optimize colistin
sulfate dosing regimens and improve clinical efficacy.

Conclusions

In conclusion, the antimicrobial regimen based on the intravenous and intraventricular colistin sulfate is successful in the
treatment of CRAB-caused CNS infection without causing adverse effects such as local chemotaxis inflammation,
seizure convulsions, or renal damage. Intraventricular (50,000 U, qd/100,000 U, qd) together with IV (500,000 U,
q12h/500,000 U, q8h) colistin sulfate yielded a trough drug concentration in CSF approximately 3 times that in plasma.
However, this is only an individual case, and how the size of the ventricular volume and the amount of daily drainage
could affect the CSF concentration of colistin sulfate is still unclear. Moreover, extensive clinical studies are needed to
further evaluate its efficacy, safety, and treatment duration to optimize the IVT regimen.

Abbreviations

CNS, central nervous system; IVT, intraventricular; CRAB, Acinetobacter baumannii; 1V, intravenous; CRO, carbape-
nem-resistant organisms; CMS, colistimethate sodium; T, temperature; P, pulse; R, respiratory rate; WBC, white blood
cell count; N%, percentage of neutrophils; RBC, red blood cell count; GLU, glucose; ALT, alanine transaminase; AST,
aspartate transaminase; ALB, albumin; TBil, total bilirubin; DBil, direct bilirubin; eGFR, glomerular filtration rate; PCT,
procalcitonin; CSF, cerebrospinal fluid; TDM, therapeutic drug monitoring; IL-6, interleukin-6; CRP, C-reactive protein;
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As, aerosolise; ITH, intrathecal; MDR-GNB, multidrug-resistant gram-negative bacteria; KP, Klebsiella pneumoniae; PA,

Pseudomonas aeruginosa; PDR, pan-drug resistance.
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