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Secondary bacterial infections were general [4-7], in 
7% of hospitalised COVID-19 patients [5], and 31% of 
patients who required invasive mechanical ventilation 
and in 50% of non-survivors [6]. Gram-positive bacteria 

Introduction
Since December 2019, a novel coronavirus disease 

(COVID-19) has been spreading rapidly all over the 
world, and become a big challenge to people [1-3]. 

Abstract

Background: For unknown pharmacokinetic (PK) parameters and higher drug toxicity of vancomycin in severe patients with coronavirus 
disease 2019 (COVID-19).

Objective: To optimize vancomycin dose through performing therapeutic drug monitoring (TDM).

Methods: A observational study was performed between Feb 11, 2020 and Mar 23, 2020. Serum samples (n = 63) from eight patients 
intravenously vancomycin with or without nasal administration were collected. Drug concentrations were analyzed by ultra-performance 
liquid chromatography-tandem mass spectrometry. Vancomycin dosage was adjusted depending on drug concentration. A population PK 
model was developed using NONMEM software. Therapeutic effects, and vancomycin-related adverse events were monitored.

Results: The mean trough and peak concentration were 13.79 ± 6.61 (4.63-34.2) mg/L (n = 36) and 30.97 ± 9.71 (17.0-49.9) mg/L (n = 
27), respectively. 25.4% of serum vancomycin concentration was beyond optimal range (< 10 mg/L at trough or > 40 mg/L at peak). Dose 
adjustments were made for 3 patients. Significant difference (P < 0.05) was detected in peak concentrations before and after dose ad-
justment. The PK of vancomycin was consistent with two-compartment model, with the clearance and distribution volume in the central 
compartment of 4.3 L/h and 2.0 L, respectively. The AUC0-24/MIC of vancomycin was 848 ± 566 h. At early treatment, 60% (3/5) of patients 
with normal baseline renal function developed acute kidney injury. After dosing adjustment based on TDM, no vancomycin-associated 
nephrotoxicity was detected. The targeted infection was clinically cured in all patients.

Conclusion: TDM of vancomycin in patients with COVID-19 are necessary to optimize drug dosage. Based on our PK model, its clearance 
was 4.3 L/h.
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was diagnosed according to the guidelines [11,46]. 
Cultures were carried out as described previously [47-
49]. Staphylococcus species were cultured in Luria-
Bertani medium [48] and Enterococcus species were 
in Brain Heart Infusion Agarmedium [49]. Vancomycin 
usage (initial dosage, total duration of intravenous or 
administered via nasogastric tube) was decided by an 
expert panel of infectious disease and critical care, in 
adherence to the relevant guidelines [11,50]. Data on 
serum drug concentrations were sent to the clinicians 
within 8 hours after blood collection. Doses were 
adjusted by a panel of experts, based on TDM and 
renal function data. Pathogen clearance was defined as 
negative conversion of culture after treatment. Acute 
kidney injury (AKI) was defined and graded according 
to the KDIGO clinical practice guidelines [51-53]. Co-
administration of vancomycin administration via 
nasogastric tube to prevent Clostridium difficile colonitis 
[54] was also recorded.

TDM of vancomycin was requested by the clinicians. 
The blood samples were collected within 0.5 h before 
the fourth continuous IV of vancomycin (trough spot) 
and 0.5-1 h after infusion (peak spot) [55,56]. Similar 
blood collecting time for vancomycin administration via 
nasogastric tube was used. At each spot, 2 mL of blood 
was drawn into a non-anticoagulant tube, treated with 
acetonitrile (ACN) solution to inactivate the virus, and 
centrifuged. The volume of serum used for TDM was 50 
µL per test. The normal concentration range was set at 
10-20 mg/L for the trough [57,58] and 20-40 mg/L for 
the peak [32,38,59].

The study protocol was reviewed and approved by 
the Ethics Commission of SPHCC (No. YJ-2020-S053-02), 
registered at the Chinese Clinical Trial Registry (http://
www.chictr.org.cn, NO:ChiCTR2000035629), and all 
the procedures were performed in accordance with 
the recommendations of the Declaration of Helsinki 
on biomedical research involving human subjects. 
Informed consent was acquired from the patients or 
their surrogates.

Measurement of vancomycin levels
Vancomycin concentrations were detected by 

UHPLC-MS/MS as previously reported [32,60,61]. 
Briefly, fifty microliters of serum were precipitated with 
360 μL acetonitrile (ACN) solution (50 μL 10% formic 
acid, 10 μL demethylvacomycin (IS) (50 mg/L)and 300 
μL ACN). The operations were carried out in the BSL-
2 laboratory. After precipitation, the supernatant was 
sent to the analytical laboratory, diluted for 20-fold with 
5% ACN solution, and detected by UHPLC-MS/MS.

The UHPLC system consisted of a Waters Acquity 
UPLC (Waters Corporation, Milford, USA) and an AB Sciex 
Triple Quad 5500 (AB SCIEX company, Boston, USA). 

including methicillin-resistant Staphylococcus aureus 
(MRSA), methicillin-resistant coagulase-negative 
Staphylococci (MRCNS) and Enterococci species 
are common nosocomial pathogens, which mainly 
cause ventilator-associated pneumonia (VAP) [8-10]. 
Vancomycin 15 mg/kg intravenous injection (IV) per 
8-12 h with or without a loading dose was recommended 
for treating such infections [11-13]. However, due to 
the narrow treatment window and individual biological 
differences, sub-optimal vancomycin concentrations 
were prevalent, leading to insufficient antibacterial 
potency or increased risk of acute kidney injury [14-
21]. Therefore, it is necessary to perform therapeutic 
drug monitoring (TDM) of vancomycin for optimizing 
clinical dosing [22,23], in order to ensure its clinical 
effect while minimizing the occurrence of adverse 
reactions [19,24-28]. For severe MRSA infection, the 
guidelines recommended a ratio of 24-hour area under 
the concentration time curve and minimum inhibitory 
concentration (AUC0-24/MIC) of 400 to 600 in both adult 
and pediatric patients to maximize the anti-bactericidal 
activity and minimize acute kidney injury (AKI) risk [29-
31]. Because AUCs are not routinely available in clinical 
practice, plasma or serum concentration is also used 
as substitute [32-35]. The guidelines of the Chinese 
Pharmacological Society recommended a serum trough 
level of 10-15 mg/L in adult patients and 10-20 mg/L 
for serious MRSA infections [26,35,36]. Furthermore, 
the peak concentration was expected to be less than 40 
mg/L [37,38].

Since the mass hospitalization of patients with 
COVID-19, including a high proportion relying on 
mechanical ventilation, it might increase vancomycin 
usage for treating hospital-acquired infections, 
especially ventilator-associated pneumonia (VAP) 
[39,40]. However, there was little knowledge about 
the pharmacokinetics of vancomycin inpatients with 
COVID-19. The decision of drug dosage relied on clinical 
experiences or expert opinions. Therefore, in this study, 
we performed TDM of vancomycin by ultra performance 
liquid chromatography/tandem mass spectrometry 
(UHPLC-MS/MS) [41-43] in patients with COVID-19. 
Doses were optimized according to drug concentration.

Methods

Study design and patients
The study was performed in Shanghai Public Health 

Clinical Center (SPHCC, Shanghai, China), a designated 
hospital for patients with COVID-19. Laboratory 
confirmation of COVID-19 was made as previously 
reported [44].

The clinical management of COVID-19 was adherent 
to the Chinese management guideline for COVID-19 
(version 6.0) [45]. Gram-positive bacterial infection 
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filtration rate, urea nitrogen, alanine aminotransferase, 
direct bilirubin, body temperature, hemodialysis, 
extracorporeal membrane oxygenation (ECMO) and 
concurrent use of levofloxacin and/or caspofungin. 
A fixed-effect model was developed using stepwise 
method. The covariate would be included in the model 
if the decrease of objective function value (OFV) was 
greater than 3.84 (P < 0.05) in the forward selection, 
or the increase of OFV was greater than 6.63 (P < 0.01) 
in the backward elimination. The type of covariate 
model tested included power model or linear model. 
Individual PK parameters of vancomycin were obtained 
using Bayesian feedback method. For Bayesian software 
programs can be used to generate accurate and reliable 
estimates of the daily AUC values with trough-only PK 
sampling.

The PPK model was simulated 100 times using the 
final estimates. Mean concentration was calculated 
using individual prediction data. The daily AUC0-24 was 
calculated using trapzoidal area method after the 
first dose each day. The average AUC0-24 was obtained 
according to sum (AUC0-24)/(treatment duration-days 
without drug administration). The AUC0-24/MIC was 
calculated as the ratio of mean AUC0-24 to MIC [62]. 
These were performed using Matlab software (Ver7.0.1, 
Math works Co. Ltd, USA).

The correlation between AUC0-24/MIC and the 
microbiological effect of vancomycin was analyzed. 
To analyze the relationship between AUC0-24 and AKI 
occurrence, logistic regression and cross tabulation were 
used to find the critical value which could differentiate 
the AKI occurrence with maximal probability.

Statistical analysis
Graphpad Prime 5.0 (GraphPad Software, San 

Diego, California) was used to compare vancomycin 
concentrations, and create a scatter plot. The 
curve of concentration for vancomycin, estimated 
glomerular filtration rate (eGFR) and serum creatinine 
level were obtained by using OriginPro 70 software 
(OriginLab, Massachusetts, USA). The Student t test 
(and Nonparametric test) was used to compare the 
concentration levels. All tests were 2-tailed. A P value < 
0.05 indicated statistical significance.

Results

Baseline characteristic and outcome of patients 
with COVID-19

Among the all 368 patients hospitalized in Shanghai 
public health clinical center from Feb 11, 2020 to Mar 23, 
2020, eight (2.17%) received intravenous vancomycin 
treatment. TDM was conducted for all eight patients 
based on the clinical requirement (Table 1 and Table 
S1). The median age was 64.5 (57-81) years, including 

Chromatographic separation of vancomycin and its IS 
was carried out on an ACQUITY UPLC HSS C18 column 
(2.1 mm × 100 mm, 1.8 µm) (Waters Corporation, 
Massachusetts, USA). Chromatographic separation was 
performed using a mobile phase composed of 0.1% FA 
(A) and methanol containing 0.1% FA (B). The analytes 
were detected by multiple reactions monitoring (MRM) 
mode with ion pairs of m/z 725.5/144.2 for vancomycin 
and m/z 718.4/144.2 for IS. The line range was 1-100 
mg/L.

Population PK (PPK) and pharmacokinetic/
pharmacodynamic (PK/PD) analysis

PPK model was developed to describe the time 
profiles of vancomycin pharmacokinetic characters 
using NONMEM (Ver7.4, ICON Co. Ltd, USA), PsN 
(Ver4.7, Uppsala University) and Xpose software 
(Ver4.5, Uppsala University). The base model was two-
compartment model as shown in Figure 1.

There is no absorption process for intravenous 
vancomycin. X1 and X2 were drug amount in the central 
and peripheral compartment, respectively. CL was 
clearance from the central compartment, while Q 
was the inter-compartment clearance between the 
central and peripheral compartment. V1 and V2 were 
distribution volume in the central and peripheral 
compartment, respectively. Model equations for 
evaluation of candidate covariates are as follows:

1
1 1 2
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1 2
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f indicated input function. DNasal and Divgtt indicated 
the duration of drug in the absorption and infusion, 
respectively. AMT was drug dose, and C was vancomycin 
concentration in central compartment. Inter-subject 
variability (IIV) of CL was consistent with the exponential 
model, while IIV of other parameters were fixed as 
zero. The residual error model was consistent with the 
proportional model.

The following covariates were tested during 
development of the final PPK model: gender, age, 
weight, serum creatinine, estimated glomerular 

https://wrightacademia.org/articles/jscc/JSCC-2-011-supply-table-1.doc
https://wrightacademia.org/articles/jscc/JSCC-2-011-supply-table-1.doc
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The rest one received empirical vancomycin treatment 
for pneumonia. At baseline, each of them was on 
invasive mechanical ventilation. During the therapeutic 
process, 5 (62.5%) were on Extracorporeal Membrane 
Oxygenation (ECMO), and 4 (50%) were on hemodyalisis. 
The baseline creatinine concentration and eGFR were 
91.04 (31.67-188.67) µmol/L and 92.33 (31.7-193.99) 
mL/min, respectively. Seven out of 8 have basic diseases 
such as hypertension, and renal dysfunction (Table 
S1). The initial vancomycin dosage was 1000 mg every 
12 hours (1000 mg Q12 h) in six patients, 500 mg per 
8 hours (500 mg Q8 h) in one and 1000 mg every 24 
h (1000 mg Qd) in the last patient. Five of them were 
also administered vancomycin through nasogastric tube 
feeding. The median treatment duration (including 
nasal administration) was 18.6 (5-39) days. All 7 culture-
confirmed infection turned negative after vancomycin 
treatment. Among patients who did not receive 
hemodialysis at baseline, 50% (2/4) experienced AKI, 
including one initiated hemodialysis 4 days after 
vancomycin treatment.

Vancomycin concentration determination by 
UHPLC-MS/MS

Vancomycin concentrations were detected by 

six males and two females (Table 1 and Table S1). 
Seven (87.5%) patients had a clear etiology, including 
four cases with Enterococcus faecium pneumonia, and 
three with Staphylococcus haemolyticus bacteremia. 

         

Figure 1: The base model of two-compartment for 
vancomycin.
X1 and X2 were drug amount in the central and peripheral 
compartment, respectively. CL was clearance from the 
central compartment, while Q was the inter-compartment 
clearance between the central and peripheral 
compartment. V1 and V2 were distribution volume in the 
central and peripheral compartment, respectively.
Circles mean actual data. Red line means local weighted 
regression line, while blank line means unity line (a) or 
zero horizontal line (b).

         

Figure 2: Monitoring of serum vancomycin concentration in patients with COVID-19 (a) All data from 8 patients; (b and 
c) The data from patient No. 1 and patient No. 2, respectively; (d) The data from the first detection of all patients; (e) 
Comparison between the concentration before and after dose adjustments. 
P < 0.05 represents statistical difference; ns-no statistical difference; *- p < 0.05.

https://wrightacademia.org/articles/jscc/JSCC-2-011-supply-table-1.doc
https://wrightacademia.org/articles/jscc/JSCC-2-011-supply-table-1.doc
https://wrightacademia.org/articles/jscc/JSCC-2-011-supply-table-1.doc
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TDM of vancomycin in patients with COVID-19
A total of 63 time-spots were monitored, including 

36 troughs and 27 peaks (Table S1 and Table 1). Out of 
the 36 trough samples, nine had concentrations less 
than 10 mg/L and 5 have concentrations greater than 20 
mg/L. Of the 27 peak samples, seven had concentrations 
more than 40 mg/L, and 4 less than 20 mg/L. The mean 
trough concentration was 13.79 ± 6.61 (4.63-34.2) 
mg/L (n = 36) and the peak concentration was 30.97 ± 
9.71 (17.0-49.9) mg/L (n = 27) (Figure 2A). For patients 
with available samples on peak or trough, 28.6% (2/7)) 
patients had at least one trough concentration less than 
10 mg/L, and 80.0% (4/5) of the patients had at least 
one peak concentration greater than 40 mg/L. Of which, 
patient No. 1 and 2 patients were monitored for 14 and 
21 days, respectively, and thus, more samples were 
collected from them than from the others, who had 

UHPLC-MS/MS. Method validation was performed 
according to Food and Drug Administration (FDA) 
guidelines [63], including linearity, selectivity, etc. The 
intra- and inter-day precision of vancomycin were 
less than 15%. The accuracy ranged from 93.00% to 
107.00%. The matrix effects of vancomycin normalized 
by IS was 97.92 in higher quality control (HQC) and 
101.50% in lower QC (LQC). The Extraction recovery of 
vancomycin was 101.70% in HQC, and 99.40% in LQC. 
The relative standard deviation (RSD) in matrix and 
extraction recovery of vancomycin were all less than 
15%. As shown in Supplement (Figure 1 and Figure S1), 
vancomycin and IS were eluted at about 1.77 min. The 
endogenous substances in the blank serum did not 
interfere with vancomycin and IS (Figure S1A and Figure 
S1B). The compounds eluted from healthy donors 
(Figure S1C and Figure S1D) were similar to those from 
COVID-19 patient’s samples (Figure S1E and Figure S1F).

         

Figure 3: The curve of concentration for vancomycin, GFR, and creatinine from three patients with dose adjustments 
(a) From No. 1 patient; (b) From No. 2; (c) From No. 4. Intravenous administration (IV) shown in dosing and blank line; 
vancomycin administration via nasogastric tube (NS) shown in dosing and red line. Square frame and blank curve: Ctrough; 
Circular dots and red line: Cpeak; Star and blue line: GFR; Star and blank line: Creatinine. The date giving loading dose was 
counted as day 0, and the data for vancomycin stopping as “stop”. ECMO and Hemodialysis were shown from loading dose 
to drug stopping. 

https://wrightacademia.org/articles/jscc/JSCC-2-011-supply-table-1.doc


J SARS-CoV-2 COVID Open Access

Copyright: © 2021 Yin L, et al. This is an open-access article distributed under the terms of the Creative Commons At-
tribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
author and source are credited.

• Page 52 •

Patient No. 2 (Figure 3B) was initiated with 
intravenous vancomycin at 1000 mg Q12 h to treat 
Enterococcus faecalis bacteremia. He presents with 
renal dysfunction and was on hemodialysis since 
baseline. At first detection on day 3, Cpeak was 33.0 mg/L 
and intravenous dose was adjusted to 1000 mg Q8h 
according to improved eGFR. However, Cpeak rised to 
46.6 mg/L on day 4, then on the same day intravenous 
vancomycin was stopped. He also received vancomycin 
via nasogastric tube from day 5 to day 39. From day 5 to 
day 12, Cpeak and Ctrough gradually returned to normal. He 
was given 1000 mg Q24h of vancomycin intravenously 
on day 9 and stopped on day 11, when both Cpeak and 
Ctrough exceeded the expected range. From day 15 to 
day 33, Ctrough was 5.9-13.1 mg/L and Cpeak was 21.8-33.0 
mg/L, although the patient was only given vancomycin 
via nasogastric tube.

Patient No. 4 (Figure 3C) was initiated with 
intravenous vancomycin at 500 mg Q8h to treat 
Enterococcus faecium pneumonia. On day 4 and 5, 
Ctrough was 26.6 mg/L and 25.5 mg/L, respectively. After 
that, vancomycin administration was paused till day 10, 
when the patient was given intravenous vancomycin at 
500 mg Q8 h and vancomycin via nasogastric tube at 
250 mg Q6 h. On day 12, Ctrough and Cpeak were 19.5 mg/L 
and 41.7 mg/L, respectively. Intravenous vancomycin 
was stopped on day 15, after the blood culture results 
were negative.

Population PK and pharmacokinetic/pharmacody-
namic (PK/PD) analysis

The PK parameters of vancomycin were shown 
in Table 2 CL and Q were 4.3 L/h and 4.1 L/h, and V1 
and V2 were 2.0 L and 56.7 L respectively. Half-life for 
distribution phase and elimination phase was 10 min and 
19 h, respectively. Hemodialysis and serum creatinine 
level were covariates on the CL. Both of them were 
consistent with the power model. The CL in patients 
with hemodialysis decreased by 58% compared to those 
in patient without hemodialysis. IIV of CL was removed 
because it was close to zero after adding hemodialysis 
and serum creatinine level as the covariates. ECMO did 

one to four samples (Table S1). For No. 1, five samples 
showed trough concentrations beyond the normal 
range (10-20 mg/L) and two samples showed higher 
peak concentration (> 40 mg/L) (Figure 2B). For patient 
No. 2, 10 samples (50%) were out of normal range, 
including 7 at trough and 3 at peak (Figure 2C).

Furthermore, we examined the data from the first 
test of each patient, and found that 50% (3/6) of peak 
concentrations were higher than the upper limit of 40 
mg/L with a mean of 37.2 (24.6-47.7) mg/L. Furthermore, 
42.9% (3/7) of the trough concentrations were also 
beyond the recommended range (10-20 mg/L) with a 
mean of 17.3 (6.8-34.2) mg/L (Figure 2D).

Dose adjustment dependent on drug concentration
Dose adjustment of intravenous vancomycin 

was made for three (37.5%) patients (No. 1, 2 and 4) 
according to their serum drug concentrations. After 
dose adjustments, the peak concentrations (28.3 (17.0-
49.9) mg/L (n = 20)) were basically returned to normal 
range. Significant difference (P < 0.05) was detected in 
peak concentrations before and after dose adjustment 
(Figure 2E).

The curve of concentration for vancomycin, GFR, and 
creatinine from three patients with dose adjustments 
was shown in Figure 3 (Figure 3A for patient No. 1, 
Figure 3B for patient No. 2, Figure 3C for patient No. 4). 
Patient No.1 (Figure 3A) was initiated with intravenous 
vancomycin at 1000 mg per 12 h to treat Staphylococcus 
haemolyticus. On day 5, at first detection, Ctrough was 6.8 
mg/L lower than 10 mg/L. The intravenous dose was then 
increased to 1000 mg Q8 h. He was also given vancomycin 
via nasogastric tube at 250 mg Q12 h from day 7. Cpeak 
was 47.7 and 41.9 mg/L on day 7 and day 8, respectively. 
Intravenous dose was decreased to 1000 mg Q12 h on 
day 8, and Ctrough was 4.63 mg/L and 6.7 mg/L on day 11 
and day 13, respectively. Intravenous dose was further 
adjusted to 500 mg Q6 h on day 13. Since then, optimal 
drug concentration was detected with 90% (9/10) of 
samples on trough spots and 100% (9/9) on peak spots. 
However, he met the criteria of grade 1 AKI on day 28 
and then stopped intravenous vancomycin.

Table 2: Vancomycin PK parameters in the final PPK model

Parameter (Unit) Explain Value (RSE%)
CL (L/h) Clearance from central compartment 4.33 (23.8%)
V1 (L) Distribution volume in central compartment 2.00 (62.3%)
Q (L/h) Inter-compartment clearance between central and peripheral compartment 4.14 (68.4%)
V2 (L) Distribution volume in peripheral compartment 56.7 (36.3%)
D1 (h) Duration during drug absorption 1.90 (6.0%)
θHemo Impact factor of hemodialysis on the clearance 0.42 (13.5%)
θScr Impact factor of serum creatinine on the clearance 0.41 (20.5%)
ε (%) Proportional residual error item 31.3 (5.7%)
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increase in hospitalization and ventilation, associated 
with COVID-19, highlighted the need for vancomycin 
usage in treating gram positive bacterial infections in 
these patients [6]. Rational usage of vancomycin relies 
on TDM, in order to maintain an optimal concentration, 
and reduce the risk of treatment failure, drug resistance, 
as well as renal injury. Here we presented pilot findings 
of TDM in patients with COVID-19.

Renal dysfunction, hemodialysis and ECMO usage 
were major factors that affected the PK of vancomycin 
[64]. Among eight participants with COVID-19, six 
(except No. 1 and 5) (75%) had at least one of these 
factors at baseline. The clinical characters of these 8 
patients indicate that comorbidities might increase 
acute kidney injury or COVID-19 (critical illness) could 
be a factor of acute kidney injury, implying the difficulty 
in the rationale of vancomycin usage among these 
severepatients. 25.4% (16/63) of serum concentration 
of vancomycin was beyond optimal range (< 10 mg/L at 
trough or > 40 mg/L at peak) [65]. At early treatment, 
60% (3/5) of patients with normal baseline renal function 
developed acute kidney injury. These highlighted the 
necessity of TDM for vancomycin treatment in patients 
with COVID-19.

Abnormal concentration especially for peak spots 
was more prevalent in samples at the beginning 
than after initiation of TDM (vs. P < 0.05). After dose 
adjustment in three patients with abnormal trough 
and/or peak concentrations, it returned to and 
maintained within the safe and effective range. Target 
infection was clinically cured in 7 of the patients (one 
is emperical treatment), and no vancomycin-associated 
nephrotoxicity was detected during TDM process. TDM 
could be a useful tool to guide the proper usage of 
vancomycin in patients with COVID-19.

not have significant effect on vancomycin PK parameters. 
As shown in Figure 4A, individual predictions were close 
to observations. The correlation coefficient reached 
0.81. Most of conditional weighted residuals distributed 
evenly across zero horizontal line (Figure 4B), indicating 
that the model estimates were reliable and stable.

The AUC0-24 of vancomycin was shown in Table 1. The 
mean ± SD were 622 ± 218 h·mg/L, and coefficient of 
variation was 35%. If the vancomycin dose was higher, 
or the drug was given more frequent, the AUC0-24 would 
increase. For example, in patient No.1, AUC0-24 changed 
from 871 to 740 h·mg/L when the dosage changed from 
1000 mg Q8h IV + 250 mg NS (day 5-7) to 1000 mg Q12h 
IV+ 250 mg NS (day 8-11). The AUC0-24 changed from 596 
to 945 h·mg/L when the dosage changed from 1000 mg 
Q12h IV (day 0-2) to 1000 mg Q8h IV (day 3) in patient 
No. 2.

AUC0-24/MIC of vancomycin was shown in Table 1. 
The mean ± SD was 848 ± 566 h·mg/L, and coefficiency 
of variation was 67%. The maximum and minimum of 
AUC0-24/MIC were 1738 and 244 h·mg/L, respectively. 
Although AUC0-24/MIC for 3 patients was less than 
400, the microbiological effects were all successful. 
There was no correlation between AUC0-24/MIC and 
microbiological effect (R2 = 0.01). AUC0-24 had a positive 
correlation with the grade of AKI. AUC0-24 = 675 h·mg/L 
was the best critical value for differentiating AKI 
occurrence. When AUC0-24 ≥ 675 h·mg/L, 2 of 3 patients 
(67%) had AKI. Meanwhile, When AUC0-24 < 675 h·mg/L, 
only 1 of 5 patients (20%) had AKI (p = 0.19).

Discussion
A previous study reported secondary infection 

in 15% of hospitalized patients with COVID-19 [8]. 
Gram positive bacteria were the major pathogens in 
hospitalized (especially ventilated) patients. The rapid 

         

Figure 4: Diagnostic plot of final PPK model of vancomycin (a) Comparing individual predictions to observations; (b) The 
correlation coefficient between conditional weighted residuals and time.
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This study had certain limitations. First, being an 
observational study involving only 8 patients rather 
than a multicenter randomized controlled trial, the data 
of this study should be used cautiously when applying 
to larger populations and different settings. Second, we 
found considerable serum concentration in one patient 
during the period of vancomycin administration via 
nasogastric tube alone. This data along with its clinical 
significance need to be further verified in larger cohorts. 
Third, vancomycin concentration was tested with the 
serum samples alone, which does not best represent the 
concentration in key organs such as the lung and kidney. 
Fourth, we did not test the covariates for basic disease 
and concomitant usage of drugs except for antibiotics. 
The fitting of PPK model might be improved if these data 
were analyzed additionally. Fifth, relative standard error 
for V1 and Q of vancomycin were relatively high (~60%) 
because the number of data in the PPK analysis was not 
so plenty. Last but not least, due to the small number 
of participants, this study did not find a correlation 
between AUC0-24/MIC and efficacy in the patients with 
COVID-19.

Conclusions
An UHPLC-MS/MS method was developed to quantify 

vancomycin concentration. Sixty-three serum samples 
were tested and 16 samples had a concentration beyond 
the expected range (< 10 at trough and > 40 mg/L at peak). 
TDM guided dosage adjustment in 37.5% of the patients, 
leading to an optimal concentration. All patients were 
cured and no vancomycin-associated nephrotoxicity 
was detected after dose adjustment according to TDM. 
PK was consistent with two-compartment model, and 
CL was affected by hemodialysis and renal function. 
Vancomycin AUC0-24 had positive correlation with AKI 
occurrence, while AUC0-24/MIC did not have correlation 
with the efficacy. In summary, TDM could be a useful 
approach or tool to guide the optimizing dose of 
vancomycin in patients with COVID-19.
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Although vancomycin was generally considered to 
be nonabsorbable through gastral administration [66], 
there were a few case reports of ‘red man syndrome’ 
[67,68], ototoxicity or encephalopathy related to oral 
vancomycin [68,69]. In this work, we detected a distinct 
and stable serum concentration for 20 days in one patient 
during vancomycin administration via nasogastric tube 
alone after stopping intravenous usage. This indicated 
that gastral vancomycin might be absorbed. Gastral 
vancomycin is often used to treat or prevent Clostridium 
difficile infection among ventilated patients, who might 
be numerous in the COVID-19 pandemic. Further study 
and special attention are needed to determine the 
potential toxicity and drug resistance induced by gastral 
vancomycin usage in patients with COVID-19, especially 
those who produce detectable serum concentrations.

During the development of base model, we found that 
OFV for one-compartment model was higher than that for 
two-compartment model. Parameter D1 was always near 
to its boundary in the one-compartment model. Hence, 
we chose two-compartment model as the structure for 
base model. In the development of fixed-effect model, 
we found that, if the combination with tigecycline and 
meropenem were chosen as the covariates on CL, this will 
also decrease OFV from 300.5 to 281.7 significantly (P < 
0.001). However, this model could not be explained from 
the PK point of view. Therefore, we used the covariates 
hemodialysis and serum creatinine level as the covariates 
in the final PPK model.

The PK of vancomycin was consistent with two-
compartment model, which was consistent with the 
previous reports [70,71]. Since renal function for some 
patients decreased (especially patient No. 2 and No. 8), 
the half-life for distribution phase was longer than the 
previous report (19 h vs. 12 h) [72]. Our study showed 
that no impact of ECMO on the PK of vancomycin, which 
was consistent with other two reports [73,74].

AUC0-24/MIC has been identified as the most suitable 
PK/PD index for the efficacy of vancomycin. For the 
MRSA infections, the recommended range of AUC0-24/
MIC in the guideline is between 400 and 600 assuming a 
MIC of 1 mg/L [29]. The pathogens in the patients with 
COVID-19 in this study were MRCNS and Enterococci. 
Although the average AUC0-24/MIC of No. 1, 2 and 5 
patients was less than 400, microbiological clearance 
was still achieved in each of them. This was consistent 
with the results of a prospective study in Chinese adult 
subjects [70]. The target value of AUC0-24/MIC for clinical/ 
microbiological efficacy in Chinese adult patients may 
be between 200 and 300. Our study showed that AUC0-

24 with value 675 h·mg/L may be the critical value for 
differentiating AKI occurrence. This was similar to a 
report which showed that AUC0-24 ≥ 650 h·mg/L was the 
cut point for AKI occurrence [75].



J SARS-CoV-2 COVID Open Access

Copyright: © 2021 Yin L, et al. This is an open-access article distributed under the terms of the Creative Commons At-
tribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
author and source are credited.

• Page 55 •

nosocomial pneumonia: A randomized, controlled study. 
Clin Infect Dis 54: 621-629.

13.	Roberts JA, Taccone FS, Udy AA, et al. (2011) Vancomycin 
dosing in critically ill patients: robust methods for improved 
continuous-infusion regimens. Antimicrob Agents 
Chemother 55: 2704-2709.

14.	Watkins RR, Deresinski S (2017) Increasing Evidence 
of the Nephrotoxicity of Piperacillin/Tazobactam and 
Vancomycin Combination Therapy-What Is the Clinician to 
Do? Clin Infect Dis 65: 2137-2143.

15.	Liang X, Fan Y, Yang M, et al. (2018) A Prospective 
Multicenter Clinical Observational Study on Vancomycin 
Efficiency and Safety With Therapeutic Drug Monitoring. 
Clin Infect Dis 67: S249-S255.

16.	Hori Y, Aoki N, Kuwahara S, et al. (2017) Megalin Blockade 
with Cilastatin Suppresses Drug-Induced Nephrotoxicity. J 
Am Soc Nephrol 28: 1783-1791.

17.	Rybak MJ, Rotschafer JC, Rodvold KA (2013) Vancomycin: 
Over 50 years later and still a work in progress. 
Pharmacotherapy 33: 1253-1255.

18.	Crass RL, Dunn R, Hong J, et al. (2018) Dosing vancomycin 
in the super obese: less is more. J Antimicrob Chemother 
73: 3081-3086.

19.	Monteiro JF, Hahn SR, Goncalves J, et al. (2018) 
Vancomycin therapeutic drug monitoring and population 
pharmacokinetic models in special patient subpopulations. 
Pharmacol Res Perspect 6: e00420.

20.	Drennan PG, Begg EJ, Gardiner SJ, et al. (2019) The 
dosing and monitoring of vancomycin: what is the best way 
forward? Int J Antimicrob Agents 53: 401-407.

21.	Hanrahan T, Whitehouse T, Lipman J, et al. (2015) 
Vancomycin-associated nephrotoxicity: A meta-analysis of 
administration by continuous versus intermittent infusion. 
Int J Antimicrob Agents 46: 249-253.

22.	Broeker A, Nardecchia M, Klinker KP, et al. (2019) Towards 
precision dosing of vancomycin: A systematic evaluation 
of pharmacometric models for Bayesian forecasting. Clin 
Microbiol Infect 25: 1286e1-1286e7.

23.	Suchankova H, Lecbychova K, Strojil J, et al. (2020) 
Individualized dosing of vancomycin in geriatric patients. 
Epidemiol Mikrobiol Imunol 69: 172-180.

24.	Doernberg SB, Lodise TP, Thaden JT, et al. (2017) 
Gram-Positive Bacterial Infections: Research Priorities, 
Accomplishments, and Future Directions of the Antibacterial 
Resistance Leadership Group. Clin Infect Dis 64: S24-S29.

25.	Kabbara WK, El-Khoury G, Chamas NR (2018) Prospective 
evaluation of vancomycin therapeutic usage and trough 
levels monitoring. J Infect Dev Ctries 12: 978-984.

26.	He N, Su S, Ye Z, et al. (2020) Evidence-based Guideline for 
Therapeutic Drug Monitoring of Vancomycin: 2020 Update 
by the Division of Therapeutic Drug Monitoring, Chinese 
Pharmacological Society. Clin Infect Dis 71: S363-S371.

27.	Oda K, Jono H, Nosaka K, et al. (2020) Reduced 
nephrotoxicity with vancomycin therapeutic drug monitoring 
guided by area under the concentration-time curve against 
a trough 15-20 mug/mL concentration. Int J Antimicrob 
Agents 56: 106109.

28.	Bosso JA, Nappi J, Rudisill C, et al. (2011) Relationship 
between vancomycin trough concentrations and 

Acknowledgments
This work was supported by the grants from National 

Science and Technology Program during the Thirteenth 
Five-year Plan Period (China grant, no. 2017ZX09304027, 
2017ZX09304005), Shanghai Innovative treatment of 
novel coronavirus pneumonia (20411950200), and 
Shanghai Research and development of emergency drugs 
against new coronavirus pneumonia (20431900103). 
We like to thank the physicians, nurses and other 
medical staff from Renji, Ruijin, Huashan, Zhongshan, 
and Shanghai First and Sixth People’s Hospital, as well as 
Shanghai Public Health Clinical Center for their clinical 
therapy, and sample collection. We thank the patients 
for their participation. We would like to thank proof-
readers and editors for this work.

References
1.	 Wiersinga WJ, Rhodes A, Cheng AC, et al. (2020) 

Pathophysiology, Transmission, Diagnosis, and Treatment 
of Coronavirus Disease 2019 (COVID-19): A Review JAMA 
2020 324: 782-793.

2.	 Gorain B, Choudhury H, Molugulu N, et al. (2020) Fighting 
Strategies Against the Novel Coronavirus Pandemic: 
Impact on Global Economy. Front Public Health 8: 606129.

3.	 Hozhabri H, Piceci Sparascio F, Sohrabi H, et al. (2020) 
The Global Emergency of Novel Coronavirus (SARS-
CoV-2): An Update of the Current Status and Forecasting. 
Int J Environ Res Public Health 17: 5648.

4.	 Rawson TM, Moore LSP, Zhu N, et al. (2020) Bacterial and 
Fungal Coinfection in Individuals With Coronavirus: A Rapid 
Review To Support COVID-19 Antimicrobial Prescribing. 
Clin Infect Dis 71: 2459-2468.

5.	 Lansbury L, Lim B, Baskaran V, et al. (2020) Co-infections 
in people with COVID-19: a systematic review and meta-
analysis. J Infect 81: 266-275.

6.	 Zhou F, Yu T, Du R, et al. (2020) Clinical course and risk 
factors for mortality of adult inpatients with COVID-19 in 
Wuhan, China: A retrospective cohort study. Lancet 395: 
1054-1062.

7.	 Mirzaei R, Goodarzi P, Asadi M, et al. (2020) Bacterial co-
infections with SARS-CoV-2. IUBMB Life 72: 2097-2111.

8.	 Erb CT, Patel B, Orr JE, et al. (2016) Management of 
Adults with Hospital-acquired and Ventilator-associated 
Pneumonia. Ann Am Thorac Soc 13: 2258-2260.

9.	 Acedo JZ, Chiorean S, Vederas JC, et al. (2018) The 
expanding structural variety among bacteriocins from 
Gram-positive bacteria. FEMS Microbiol Rev 42: 805-828.

10.	Rajagopal M, Walker S (2017) Envelope Structures of 
Gram-Positive Bacteria. Curr Top Microbiol Immunol 404: 
1-44.

11.	Kalil AC, Metersky ML, Klompas M, et al. (2016) Management 
of Adults With Hospital-acquired and Ventilator-associated 
Pneumonia: 2016 Clinical Practice Guidelines by the 
Infectious Diseases Society of America and the American 
Thoracic Society. Clin Infect Dis 63: e61-e111.

12.	Wunderink RG, Niederman MS, Kollef MH, et al. (2012) 
Linezolid in methicillin-resistant Staphylococcus aureus 

https://pubmed.ncbi.nlm.nih.gov/22247123/
https://pubmed.ncbi.nlm.nih.gov/22247123/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3101407/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3101407/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3101407/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3101407/
https://pubmed.ncbi.nlm.nih.gov/29020249/
https://pubmed.ncbi.nlm.nih.gov/29020249/
https://pubmed.ncbi.nlm.nih.gov/29020249/
https://pubmed.ncbi.nlm.nih.gov/29020249/
https://pubmed.ncbi.nlm.nih.gov/30423040/
https://pubmed.ncbi.nlm.nih.gov/30423040/
https://pubmed.ncbi.nlm.nih.gov/30423040/
https://pubmed.ncbi.nlm.nih.gov/30423040/
https://pubmed.ncbi.nlm.nih.gov/28052987/
https://pubmed.ncbi.nlm.nih.gov/28052987/
https://pubmed.ncbi.nlm.nih.gov/28052987/
https://pubmed.ncbi.nlm.nih.gov/24302197/
https://pubmed.ncbi.nlm.nih.gov/24302197/
https://pubmed.ncbi.nlm.nih.gov/24302197/
https://pubmed.ncbi.nlm.nih.gov/30203073/
https://pubmed.ncbi.nlm.nih.gov/30203073/
https://pubmed.ncbi.nlm.nih.gov/30203073/
https://pubmed.ncbi.nlm.nih.gov/30156005/
https://pubmed.ncbi.nlm.nih.gov/30156005/
https://pubmed.ncbi.nlm.nih.gov/30156005/
https://pubmed.ncbi.nlm.nih.gov/30156005/
https://pubmed.ncbi.nlm.nih.gov/30599240/
https://pubmed.ncbi.nlm.nih.gov/30599240/
https://pubmed.ncbi.nlm.nih.gov/30599240/
https://pubmed.ncbi.nlm.nih.gov/26141230/
https://pubmed.ncbi.nlm.nih.gov/26141230/
https://pubmed.ncbi.nlm.nih.gov/26141230/
https://pubmed.ncbi.nlm.nih.gov/26141230/
https://pubmed.ncbi.nlm.nih.gov/30872102/
https://pubmed.ncbi.nlm.nih.gov/30872102/
https://pubmed.ncbi.nlm.nih.gov/30872102/
https://pubmed.ncbi.nlm.nih.gov/30872102/
https://pubmed.ncbi.nlm.nih.gov/33445941/
https://pubmed.ncbi.nlm.nih.gov/33445941/
https://pubmed.ncbi.nlm.nih.gov/33445941/
https://pubmed.ncbi.nlm.nih.gov/28350900/
https://pubmed.ncbi.nlm.nih.gov/28350900/
https://pubmed.ncbi.nlm.nih.gov/28350900/
https://pubmed.ncbi.nlm.nih.gov/28350900/
https://jidc.org/index.php/journal/article/view/32012127
https://jidc.org/index.php/journal/article/view/32012127
https://jidc.org/index.php/journal/article/view/32012127
https://pubmed.ncbi.nlm.nih.gov/33367582/
https://pubmed.ncbi.nlm.nih.gov/33367582/
https://pubmed.ncbi.nlm.nih.gov/33367582/
https://pubmed.ncbi.nlm.nih.gov/33367582/
https://pubmed.ncbi.nlm.nih.gov/32721597/
https://pubmed.ncbi.nlm.nih.gov/32721597/
https://pubmed.ncbi.nlm.nih.gov/32721597/
https://pubmed.ncbi.nlm.nih.gov/32721597/
https://pubmed.ncbi.nlm.nih.gov/32721597/
https://pubmed.ncbi.nlm.nih.gov/21947388/
https://pubmed.ncbi.nlm.nih.gov/21947388/
https://pubmed.ncbi.nlm.nih.gov/32648899/
https://pubmed.ncbi.nlm.nih.gov/32648899/
https://pubmed.ncbi.nlm.nih.gov/32648899/
https://pubmed.ncbi.nlm.nih.gov/32648899/
https://pubmed.ncbi.nlm.nih.gov/33363098/
https://pubmed.ncbi.nlm.nih.gov/33363098/
https://pubmed.ncbi.nlm.nih.gov/33363098/
https://pubmed.ncbi.nlm.nih.gov/32764417/
https://pubmed.ncbi.nlm.nih.gov/32764417/
https://pubmed.ncbi.nlm.nih.gov/32764417/
https://pubmed.ncbi.nlm.nih.gov/32764417/
https://pubmed.ncbi.nlm.nih.gov/32358954/
https://pubmed.ncbi.nlm.nih.gov/32358954/
https://pubmed.ncbi.nlm.nih.gov/32358954/
https://pubmed.ncbi.nlm.nih.gov/32358954/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7255350/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7255350/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7255350/
https://pubmed.ncbi.nlm.nih.gov/32171076/
https://pubmed.ncbi.nlm.nih.gov/32171076/
https://pubmed.ncbi.nlm.nih.gov/32171076/
https://pubmed.ncbi.nlm.nih.gov/32171076/
https://pubmed.ncbi.nlm.nih.gov/32770825/
https://pubmed.ncbi.nlm.nih.gov/32770825/
https://pubmed.ncbi.nlm.nih.gov/30085042/
https://pubmed.ncbi.nlm.nih.gov/30085042/
https://pubmed.ncbi.nlm.nih.gov/30085042/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5002265/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5002265/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5002265/
https://pubmed.ncbi.nlm.nih.gov/27418577/
https://pubmed.ncbi.nlm.nih.gov/27418577/
https://pubmed.ncbi.nlm.nih.gov/27418577/
https://pubmed.ncbi.nlm.nih.gov/27418577/
https://pubmed.ncbi.nlm.nih.gov/27418577/
https://pubmed.ncbi.nlm.nih.gov/22247123/
https://pubmed.ncbi.nlm.nih.gov/22247123/


J SARS-CoV-2 COVID Open Access

Copyright: © 2021 Yin L, et al. This is an open-access article distributed under the terms of the Creative Commons At-
tribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
author and source are credited.

• Page 56 •

spectrometry determination and profiling of prohibited 
steroids in human biological matrices: A review. J 
Chromatogr B Analyt Technol Biomed Life Sci 927: 22-36.

42.	Nahar L, Onder A, Sarker SD (2020) A review on the 
recent advances in HPLC, UHPLC and UPLC analyses of 
naturally occurring cannabinoids (2010-2019). Phytochem 
Anal 31: 413-457.

43.	Rodriguez-Aller M, Gurny R, Veuthey JL, et al. (2013) 
Coupling ultra high-pressure liquid chromatography with 
mass spectrometry: constraints and possible applications. 
J Chromatogr A 1292: 2-18.

44.	Huang C, Wang Y, Li X, et al. (2020) Clinical features of 
patients infected with 2019 novel coronavirus in Wuhan, 
China. Lancet 395: 497-506.

45.	Lodise TP, Rosenkranz SL, Finnemeyer M, et al. (2020) 
The Emperor’s New Clothes: Prospective Observational 
Evaluation of the Association between Initial Vancomycin 
Exposure and Failure Rates among Adult Hospitalized 
Patients with MRSA Bloodstream Infections (PROVIDE). 
Clin Infect Dis 70: 1536-1545.

46.	Baron EJ, Miller JM, Weinstein MP, et al. (2013) A guide 
to utilization of the microbiology laboratory for diagnosis 
of infectious diseases: 2013 recommendations by the 
Infectious Diseases Society of America (IDSA) and the 
American Society for Microbiology (ASM)(a). Clin Infect Dis 
57: e22-e121.

47.	Qi T, Zhang R, Shen Y, et al. (2016) Etiology and clinical 
features of 229 cases of bloodstream infection among 
Chinese HIV/AIDS patients: A retrospective cross-sectional 
study. Eur J Clin Microbiol Infect Dis 35: 1767-1770.

48.	Guo M, Feng C, Ren J, et al. (2017) A Novel Antimicrobial 
Endolysin, LysPA26, against Pseudomonas aeruginosa. 
Front Microbiol 8: 293.

49.	Cheng M, Zhang Y, Li X, et al. (2017) Endolysin LysEF-P10 
shows potential as an alternative treatment strategy for 
multidrug-resistant Enter ococcus faecalis infections. Sci 
Rep 7: 10164.

50.	Elbarbry F (2018) Vancomycin Dosing and Monitoring: 
Critical Evaluation of the Current Practice. Eur J Drug 
Metab Pharmacokinet 43: 259-268.

51.	Khwaja A (2012) KDIGO clinical practice guidelines for 
acute kidney injury. Nephron Clin Pract 120: c179-184.

52.	Luther MK, Timbrook TT, Caffrey AR, et al. (2018) 
Vancomycin Plus Piperacillin-Tazobactam and Acute 
Kidney Injury in Adults: A Systematic Review and Meta-
Analysis. Crit Care Med 46: 12-20.

53.	Perazella MA (2019) Drug-induced acute kidney injury: 
diverse mechanisms of tubular injury. Curr Opin Crit Care 
25: 550-557.

54.	Surawicz CM (2004) Treatment of recurrent Clostridium 
difficile-associated disease. Nat Clin Pract Gastroenterol 
Hepatol 1: 32-38.

55.	Masich AM, Kalaria SN, Gonzales JP, et al. (2020) 
Vancomycin Pharmacokinetics in Obese Patients with 
Sepsis or Septic Shock. Pharmacotherapy 40: 211-220.

56.	Adane ED, Herald M, Koura F (2015) Pharmacokinetics of 
vancomycin in extremely obese patients with suspected 
or confirmed Staphylococcus aureus infections. 
Pharmacotherapy 35: 127-139.

nephrotoxicity: a prospective multicenter trial. Antimicrob 
Agents Chemother 55: 5475-5479.

29.	Rybak MJ, Le J, Lodise TP, et al. (2020) Therapeutic 
monitoring of vancomycin for serious methicillin-resistant 
Staphylococcus aureus infections: A revised consensus 
guideline and review by the American Society of Health-
System Pharmacists, the Infectious Diseases Society of 
America, the Pediatric Infectious Diseases Society, and the 
Society of Infectious Diseases Pharmacists. Am J Health 
Syst Pharm 77: 835-864.

30.	Pai MP, Neely M, Rodvold KA, et al. (2014) Innovative 
approaches to optimizing the delivery of vancomycin in 
individual patients. Adv Drug Deliv Rev 77: 50-57.

31.	Kullar R, Davis SL, Levine DP, et al. (2011) Impact of 
vancomycin exposure on outcomes in patients with 
methicillin-resistant Staphylococcus aureus bacteremia: 
support for consensus guidelines suggested targets. Clin 
Infect Dis 52: 975-981.

32.	Fan Y, Peng X, Yu J, et al. (2019) An ultra-performance 
liquid chromatography-tandem mass spectrometry method 
to quantify vancomycin in human serum by minimizing the 
degradation product and matrix interference. Bioanalysis 
11: 941-955.

33.	Rybak M, Lomaestro B, Rotschafer JC, et al. (2009) 
Therapeutic monitoring of vancomycin in adult patients: A 
consensus review of the American Society of Health-System 
Pharmacists, the Infectious Diseases Society of America, 
and the Society of Infectious Diseases Pharmacists. Am J 
Health Syst Pharm 66: 82-98.

34.	Matsumoto K, Takesue Y, Ohmagari N, et al. (2013) 
Practice guidelines for therapeutic drug monitoring of 
vancomycin: a consensus review of the Japanese Society 
of Chemotherapy and the Japanese Society of Therapeutic 
Drug Monitoring. J Infect Chemother 19: 365-380.

35.	Steinmetz T, Eliakim-Raz N, Goldberg E, et al. (2015) 
Association of vancomycin serum concentrations with 
efficacy in patients with MRSA infections: A systematic 
review and meta-analysis. Clin Microbiol Infect 21: 665-673.

36.	Ye ZK, Chen YL, Chen K, et al. (2016) Therapeutic drug 
monitoring of vancomycin: a guideline of the Division of 
Therapeutic Drug Monitoring, Chinese Pharmacological 
Society. J Antimicrob Chemother 71: 3020-3025.

37.	Delgado A, Mejia I, Barreto E, et al. (2012) Experience in 
Therapeutic Monitoring of Vancomycin in Adult Patients 
Undergoing Continuous Ambulatory Peritoneal Dialysis 
(Capd). Basic Clin Pharmacol 111: 31.

38.	Brown DL, Lalla CD, Masselink AJ (2013) AUC versus 
peak-trough dosing of vancomycin: applying new 
pharmacokinetic paradigms to an old drug. Ther Drug Monit 
35: 443-449.

39.	Barbier F, Andremont A, Wolff M, et al. (2013) Hospital-
acquired pneumonia and ventilator-associated pneumonia: 
recent advances in epidemiology and management. Curr 
Opin Pulm Med 19: 216-228.

40.	Ruiz-Ramos J, Vidal-Cortes P, Diaz-Lamas A, et al. 
(2017) Ventilator-associated pneumonia by methicillin-
susceptible Staphylococcus aureus: Do minimum inhibitory 
concentrations to vancomycin and daptomycin matter? Eur 
J Clin Microbiol Infect Dis 36: 1569-1575.

41.	Gosetti F, Mazzucco E, Gennaro MC, et al. (2013) Ultra 
high performance liquid chromatography tandem mass 

https://pubmed.ncbi.nlm.nih.gov/23317577/
https://pubmed.ncbi.nlm.nih.gov/23317577/
https://pubmed.ncbi.nlm.nih.gov/23317577/
https://pubmed.ncbi.nlm.nih.gov/31849137/
https://pubmed.ncbi.nlm.nih.gov/31849137/
https://pubmed.ncbi.nlm.nih.gov/31849137/
https://pubmed.ncbi.nlm.nih.gov/31849137/
https://www.sciencedirect.com/science/article/abs/pii/S0021967312014732
https://www.sciencedirect.com/science/article/abs/pii/S0021967312014732
https://www.sciencedirect.com/science/article/abs/pii/S0021967312014732
https://www.sciencedirect.com/science/article/abs/pii/S0021967312014732
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30183-5/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30183-5/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30183-5/fulltext
https://pubmed.ncbi.nlm.nih.gov/31157370/
https://pubmed.ncbi.nlm.nih.gov/31157370/
https://pubmed.ncbi.nlm.nih.gov/31157370/
https://pubmed.ncbi.nlm.nih.gov/31157370/
https://pubmed.ncbi.nlm.nih.gov/31157370/
https://pubmed.ncbi.nlm.nih.gov/31157370/
https://pubmed.ncbi.nlm.nih.gov/23845951/
https://pubmed.ncbi.nlm.nih.gov/23845951/
https://pubmed.ncbi.nlm.nih.gov/23845951/
https://pubmed.ncbi.nlm.nih.gov/23845951/
https://pubmed.ncbi.nlm.nih.gov/23845951/
https://pubmed.ncbi.nlm.nih.gov/23845951/
https://pubmed.ncbi.nlm.nih.gov/27502930/
https://pubmed.ncbi.nlm.nih.gov/27502930/
https://pubmed.ncbi.nlm.nih.gov/27502930/
https://pubmed.ncbi.nlm.nih.gov/27502930/
https://pubmed.ncbi.nlm.nih.gov/28289407/
https://pubmed.ncbi.nlm.nih.gov/28289407/
https://pubmed.ncbi.nlm.nih.gov/28289407/
https://www.nature.com/articles/s41598-017-10755-7
https://www.nature.com/articles/s41598-017-10755-7
https://www.nature.com/articles/s41598-017-10755-7
https://www.nature.com/articles/s41598-017-10755-7
https://pubmed.ncbi.nlm.nih.gov/29260505/
https://pubmed.ncbi.nlm.nih.gov/29260505/
https://pubmed.ncbi.nlm.nih.gov/29260505/
https://pubmed.ncbi.nlm.nih.gov/22890468/
https://pubmed.ncbi.nlm.nih.gov/22890468/
https://pubmed.ncbi.nlm.nih.gov/29088001/
https://pubmed.ncbi.nlm.nih.gov/29088001/
https://pubmed.ncbi.nlm.nih.gov/29088001/
https://pubmed.ncbi.nlm.nih.gov/29088001/
https://pubmed.ncbi.nlm.nih.gov/31483318/
https://pubmed.ncbi.nlm.nih.gov/31483318/
https://pubmed.ncbi.nlm.nih.gov/31483318/
https://pubmed.ncbi.nlm.nih.gov/16265042/
https://pubmed.ncbi.nlm.nih.gov/16265042/
https://pubmed.ncbi.nlm.nih.gov/16265042/
https://accpjournals.onlinelibrary.wiley.com/doi/abs/10.1002/phar.2367
https://accpjournals.onlinelibrary.wiley.com/doi/abs/10.1002/phar.2367
https://accpjournals.onlinelibrary.wiley.com/doi/abs/10.1002/phar.2367
https://pubmed.ncbi.nlm.nih.gov/25644478/
https://pubmed.ncbi.nlm.nih.gov/25644478/
https://pubmed.ncbi.nlm.nih.gov/25644478/
https://pubmed.ncbi.nlm.nih.gov/25644478/
https://pubmed.ncbi.nlm.nih.gov/21947388/
https://pubmed.ncbi.nlm.nih.gov/21947388/
https://pubmed.ncbi.nlm.nih.gov/32191793/
https://pubmed.ncbi.nlm.nih.gov/32191793/
https://pubmed.ncbi.nlm.nih.gov/32191793/
https://pubmed.ncbi.nlm.nih.gov/32191793/
https://pubmed.ncbi.nlm.nih.gov/32191793/
https://pubmed.ncbi.nlm.nih.gov/32191793/
https://pubmed.ncbi.nlm.nih.gov/32191793/
https://pubmed.ncbi.nlm.nih.gov/32191793/
https://pubmed.ncbi.nlm.nih.gov/24910345/
https://pubmed.ncbi.nlm.nih.gov/24910345/
https://pubmed.ncbi.nlm.nih.gov/24910345/
https://pubmed.ncbi.nlm.nih.gov/21460309/
https://pubmed.ncbi.nlm.nih.gov/21460309/
https://pubmed.ncbi.nlm.nih.gov/21460309/
https://pubmed.ncbi.nlm.nih.gov/21460309/
https://pubmed.ncbi.nlm.nih.gov/21460309/
https://pubmed.ncbi.nlm.nih.gov/31218900/
https://pubmed.ncbi.nlm.nih.gov/31218900/
https://pubmed.ncbi.nlm.nih.gov/31218900/
https://pubmed.ncbi.nlm.nih.gov/31218900/
https://pubmed.ncbi.nlm.nih.gov/31218900/
https://pubmed.ncbi.nlm.nih.gov/19106348/
https://pubmed.ncbi.nlm.nih.gov/19106348/
https://pubmed.ncbi.nlm.nih.gov/19106348/
https://pubmed.ncbi.nlm.nih.gov/19106348/
https://pubmed.ncbi.nlm.nih.gov/19106348/
https://pubmed.ncbi.nlm.nih.gov/19106348/
https://pubmed.ncbi.nlm.nih.gov/23673472/
https://pubmed.ncbi.nlm.nih.gov/23673472/
https://pubmed.ncbi.nlm.nih.gov/23673472/
https://pubmed.ncbi.nlm.nih.gov/23673472/
https://pubmed.ncbi.nlm.nih.gov/23673472/
https://pubmed.ncbi.nlm.nih.gov/25887712/
https://pubmed.ncbi.nlm.nih.gov/25887712/
https://pubmed.ncbi.nlm.nih.gov/25887712/
https://pubmed.ncbi.nlm.nih.gov/25887712/
https://pubmed.ncbi.nlm.nih.gov/27494905/
https://pubmed.ncbi.nlm.nih.gov/27494905/
https://pubmed.ncbi.nlm.nih.gov/27494905/
https://pubmed.ncbi.nlm.nih.gov/27494905/
https://pubmed.ncbi.nlm.nih.gov/23851909/
https://pubmed.ncbi.nlm.nih.gov/23851909/
https://pubmed.ncbi.nlm.nih.gov/23851909/
https://pubmed.ncbi.nlm.nih.gov/23851909/
https://pubmed.ncbi.nlm.nih.gov/23524477/
https://pubmed.ncbi.nlm.nih.gov/23524477/
https://pubmed.ncbi.nlm.nih.gov/23524477/
https://pubmed.ncbi.nlm.nih.gov/23524477/
https://pubmed.ncbi.nlm.nih.gov/28378244/
https://pubmed.ncbi.nlm.nih.gov/28378244/
https://pubmed.ncbi.nlm.nih.gov/28378244/
https://pubmed.ncbi.nlm.nih.gov/28378244/
https://pubmed.ncbi.nlm.nih.gov/28378244/
https://pubmed.ncbi.nlm.nih.gov/23317577/
https://pubmed.ncbi.nlm.nih.gov/23317577/


J SARS-CoV-2 COVID Open Access

Copyright: © 2021 Yin L, et al. This is an open-access article distributed under the terms of the Creative Commons At-
tribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
author and source are credited.

• Page 57 •

66.	Bryan CS, White WL (1978) Safety of oral vancomycin 
in functionally anephric patients. Antimicrob Agents 
Chemother 14: 634-635.

67.	Bergeron L, Boucher FD (1994) Possible red-man syndrome 
associated with systemic absorption of oral vancomycin in 
a child with normal renal function. Ann Pharmacother 28: 
581-584.

68.	Cimolai N (2020) Does oral vancomycin use necessitate 
therapeutic drug monitoring? Infection 48: 173-182.

69.	Gomceli U, Vangala S, Zeana C, et al. (2018) An Unusual 
Case of Ototoxicity with Use of Oral Vancomycin. Case 
Rep Infect Dis 2018: 2980913.

70.	Westra N, Proost JH, Franssen CFM, et al. (2019) 
Vancomycin pharmacokinetic model development in 
patients on intermittent online hemodiafiltration. PLoS One 
14: e0216801.

71.	Shen K, Yang M, Fan Y, et al. (2018) Model-based 
Evaluation of the Clinical and Microbiological Efficacy of 
Vancomycin: A Prospective Study of Chinese Adult In-
house Patients. Clin Infect Dis 67: S256-S262.

72.	Li D, Lv P, Fan L, et al. (2017) The immobilization of 
antibiotic-loaded polymeric coatings on osteoarticular Ti 
implants for the prevention of bone infections. Biomater Sci 
5: 2337-2346.

73.	Donadello K, Roberts JA, Cristallini S, et al. (2014) 
Vancomycin population pharmacokinetics during 
extracorporeal membrane oxygenation therapy: a matched 
cohort study. Crit Care 18: 632.

74.	Hahn J, Choi JH, Chang MJ (2017) Pharmacokinetic 
changes of antibiotic, antiviral, antituberculosis and 
antifungal agents during extracorporeal membrane 
oxygenation in critically ill adult patients. J Clin Pharm Ther 
42: 661-671.

75.	Aljefri DM, Avedissian SN, Rhodes NJ, et al. (2019) 
Vancomycin Area Under the Curve and Acute Kidney 
Injury: A Meta-analysis. Clin Infect Dis 69: 1881-1887.

57.	Xue S, Lu H, Tang L, et al. (2020) [Predictive performance 
of population pharmacokinetic software on vancomycin 
steady-state trough concentration]. Zhonghua Wei Zhong 
Bing Ji Jiu Yi Xue 32: 50-55.

58.	Sosnin N, Curtis N, Cranswick N, et al. (2019) Vancomycin 
is commonly under-dosed in critically ill children and 
neonates. Br J Clin Pharmacol 85: 2591-2598.

59.	Tan WH, Brown N, Kelsall AW, et al. (2002) Dose regimen 
for vancomycin not needing serum peak levels? Arch Dis 
Child Fetal Neonatal Ed 87: F214-216.

60.	Sauter M, Uhl P, Foerster KI, et al. (2019) An ultra-sensitive 
UHPLC-MS/MS assay for the quantification of orally 
administered vancomycin in plasma. J Pharm Biomed Anal 
174: 633-638.

61.	Javorska L, Krcmova LK, Solich P, et al. (2017) Simple 
and rapid quantification of vancomycin in serum, urine and 
peritoneal/pleural effusion via UHPLC-MS/MS applicable to 
personalized antibiotic dosing research. J Pharm Biomed 
Anal 142: 59-65.

62.	Men P, Li HB, Zhai SD, et al. (2016) Association between 
the AUC0-24/MIC Ratio of Vancomycin and Its Clinical 
Effectiveness: A Systematic Review and Meta-Analysis. 
PLoS One 11: e0146224.

63.	Itoh Y, Chiba S, Sekine S, et al. (2009) Crystal structure of 
human selenocysteine tRNA. Nucleic Acids Res 37: 6259-
6268.

64.	Vickers RJ, Tillotson GS, Nathan R, et al. (2017) Efficacy 
and safety of ridinilazole compared with vancomycin for 
the treatment of Clostridium difficile infection: a phase 2, 
randomised, double-blind, active-controlled, non-inferiority 
study. The Lancet Infectious diseases 17: 735-744.

65.	Meng L, Wong T, Huang S, et al. (2019) Conversion from 
Vancomycin Trough Concentration-Guided Dosing to 
Area Under the Curve-Guided Dosing Using Two Sample 
Measurements in Adults: Implementation at an Academic 
Medical Center. Pharmacotherapy 39: 433-442.

Open Access Declaration

This article is distributed under the terms of the Creative Commons Attribution 
4.0 International License (http://creativecommons.org/licenses/by/4.0/), which 
permits unrestricted use, distribution, and reproduction in any medium, provided 
you give appropriate credit to the original author(s) and the source of content.

https://pubmed.ncbi.nlm.nih.gov/718158/
https://pubmed.ncbi.nlm.nih.gov/718158/
https://pubmed.ncbi.nlm.nih.gov/718158/
https://pubmed.ncbi.nlm.nih.gov/8068993/
https://pubmed.ncbi.nlm.nih.gov/8068993/
https://pubmed.ncbi.nlm.nih.gov/8068993/
https://pubmed.ncbi.nlm.nih.gov/8068993/
https://pubmed.ncbi.nlm.nih.gov/31713055/
https://pubmed.ncbi.nlm.nih.gov/31713055/
https://pubmed.ncbi.nlm.nih.gov/30057833/
https://pubmed.ncbi.nlm.nih.gov/30057833/
https://pubmed.ncbi.nlm.nih.gov/30057833/
https://pubmed.ncbi.nlm.nih.gov/31086400/
https://pubmed.ncbi.nlm.nih.gov/31086400/
https://pubmed.ncbi.nlm.nih.gov/31086400/
https://pubmed.ncbi.nlm.nih.gov/31086400/
https://pubmed.ncbi.nlm.nih.gov/30423042/
https://pubmed.ncbi.nlm.nih.gov/30423042/
https://pubmed.ncbi.nlm.nih.gov/30423042/
https://pubmed.ncbi.nlm.nih.gov/30423042/
https://pubs.rsc.org/en/content/articlelanding/2017/BM/C7BM00693D
https://pubs.rsc.org/en/content/articlelanding/2017/BM/C7BM00693D
https://pubs.rsc.org/en/content/articlelanding/2017/BM/C7BM00693D
https://pubs.rsc.org/en/content/articlelanding/2017/BM/C7BM00693D
https://pubmed.ncbi.nlm.nih.gov/25416535/
https://pubmed.ncbi.nlm.nih.gov/25416535/
https://pubmed.ncbi.nlm.nih.gov/25416535/
https://pubmed.ncbi.nlm.nih.gov/25416535/
https://pubmed.ncbi.nlm.nih.gov/28948652/
https://pubmed.ncbi.nlm.nih.gov/28948652/
https://pubmed.ncbi.nlm.nih.gov/28948652/
https://pubmed.ncbi.nlm.nih.gov/28948652/
https://pubmed.ncbi.nlm.nih.gov/28948652/
https://pubmed.ncbi.nlm.nih.gov/30715208/
https://pubmed.ncbi.nlm.nih.gov/30715208/
https://pubmed.ncbi.nlm.nih.gov/30715208/
https://pubmed.ncbi.nlm.nih.gov/32148231/
https://pubmed.ncbi.nlm.nih.gov/32148231/
https://pubmed.ncbi.nlm.nih.gov/32148231/
https://pubmed.ncbi.nlm.nih.gov/32148231/
https://pubmed.ncbi.nlm.nih.gov/31378957/
https://pubmed.ncbi.nlm.nih.gov/31378957/
https://pubmed.ncbi.nlm.nih.gov/31378957/
https://pubmed.ncbi.nlm.nih.gov/12390995/
https://pubmed.ncbi.nlm.nih.gov/12390995/
https://pubmed.ncbi.nlm.nih.gov/12390995/
https://pubmed.ncbi.nlm.nih.gov/31279892/
https://pubmed.ncbi.nlm.nih.gov/31279892/
https://pubmed.ncbi.nlm.nih.gov/31279892/
https://pubmed.ncbi.nlm.nih.gov/31279892/
https://pubmed.ncbi.nlm.nih.gov/28494340/
https://pubmed.ncbi.nlm.nih.gov/28494340/
https://pubmed.ncbi.nlm.nih.gov/28494340/
https://pubmed.ncbi.nlm.nih.gov/28494340/
https://pubmed.ncbi.nlm.nih.gov/28494340/
https://pubmed.ncbi.nlm.nih.gov/26731739/
https://pubmed.ncbi.nlm.nih.gov/26731739/
https://pubmed.ncbi.nlm.nih.gov/26731739/
https://pubmed.ncbi.nlm.nih.gov/26731739/
https://pubmed.ncbi.nlm.nih.gov/19692584/
https://pubmed.ncbi.nlm.nih.gov/19692584/
https://pubmed.ncbi.nlm.nih.gov/19692584/
https://pubmed.ncbi.nlm.nih.gov/28461207/
https://pubmed.ncbi.nlm.nih.gov/28461207/
https://pubmed.ncbi.nlm.nih.gov/28461207/
https://pubmed.ncbi.nlm.nih.gov/28461207/
https://pubmed.ncbi.nlm.nih.gov/28461207/
https://pubmed.ncbi.nlm.nih.gov/30739349/
https://pubmed.ncbi.nlm.nih.gov/30739349/
https://pubmed.ncbi.nlm.nih.gov/30739349/
https://pubmed.ncbi.nlm.nih.gov/30739349/
https://pubmed.ncbi.nlm.nih.gov/30739349/


J SARS-CoV-2 COVID Open Access

Copyright: © 2021 Yin L, et al. This is an open-access article distributed under the terms of the Creative Commons At-
tribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
author and source are credited.

• Page 58 •

         

Figure S1: MRM chromatograms of vancomycin and internal standard (a and b) were vancomycin and IS spectrogram in 
blank serum; (c and d), spiked blank serum with vancomycin and IS at the concentration of LLOQ (1 mg/L for vancomycin, 
and 10 mg/L for IS); (e and f) vancomycin and IS spectrogram from COVID-19 patient sample.
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