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Aandachtsgebieden Focus

1 1 Thema’s aandachtsgebied 1

• Risicoanalyse en prognostiek
1 3 Setting

• Ziekenhuiszorg

Samenvatting Summary

More than 250 000 people have died because there is no proven therapy for COVID 19 infection Supplementation of

micronutrients is one of the core pillars of treatment measures for COVID 19 because micronutrients play a key role in innate

and adaptive immunity Patients with a high risk of micronutrient deficiency have a worse prognosis However determination of

micronutrient plasma concentrations is not available in daily practice Covering basal daily required intakes of micronutrients is

not sufficient in critically ill patients due to increased needs especially in COVID 19 Timing duration and dosing are crucial for

optimal clinical benefit Combined micronutrient supplementation has been associated with improved survival There is a wide

variation in protocols for micronutrient administration Targeted detection correction of multiple micronutrients could be a major

step forward rapid determination of the micronutrient status in individual patients and subsequent titrated supplementation
First we will develop and validate a multiparameter vitamin assay with mass spectrometry that we will apply to biobank

samples of ICU patients with COVID 19 together with conventional trace elements profiling Next this MICRONUTRI OMICs

approach will be applied for determination of vitamins in critically ill patients with COVID 19 pneumonia The results will be

applicable immediately to daily practice because we will know whether the current practice of supplementation is sufficient to
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normalize micronutrient plasma concentrations in our patients or whether we should increase and or prolong the

supplementation The results of this project will be the base for an RCT comparing targeted detection correction of multiple
micronutrients with standard of care In this RCT we will apply AutoKinetics a clinical decision support system for micronutrient

dosing The results of our project will be relevant for every other new pandemic and also for the general ICU population
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Micronutrients COVID 19 vitamins trace elements critical care
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1 PROBLEEMSTELLING EN DOELSTELUNG EN

Currently more than 250 000 people have lost their lives because there is no proven therapy for COVID

19 infection Supplementation of micronutrients is among the mainstay of general supportive treatments

and one of the core pillars of comprehensive treatment measures for patients with COVID 19 because

micronutrients play a key role in innate and adaptive immunity table 1 [1 3] Despite people of all ages
can become infected patients with a high risk of

Antibody production micronutrient deficiency malnourished elderly people
and patients with chronic diseases have a worse

prognosis and higher mortality rates [1] The prevalence
of malnutrition in elderly patients with COVID 19 was

high in Wuhan [4] However the determination of

micronutrient plasma concentrations is laborious

expensive and not available in daily practice
Furthermore establishing exact micronutrient

requirements in the critically ill has proven to be

notoriously difficult Covering the basal current daily
required intakes of micronutrients is probably not

sufficient in critically ill patients who have increased

needs due to illness induced decreased intake increased losses drug interactions with single
micronutrients and hypermetabolism This applies especially to patients with COVID 19 who frequently
develop ARDS a katabolic state and acute kidney injury necessitating renal replacement therapy with

inevitable loss of useful molecules Moreover these patients often have a prolonged length of stay on the

Intensive Care Unit of 3 weeks or longer The current evidence suggests that timing as early as possible
sufficient duration and dosing are key factors to ensure optimal clinical benefit for several micronutrients

[5 6] In addition it is important to emphasize that micronutrients do not act alone but as the part of a

complex web Providing a single element may shift the balance or not achieve the maximum effect

resulting from a combination Combined micronutrient supplementation has been associated with a

decrease in mortality whereas provision of single micronutrients were associated with borderline statistical
oeatti

Epithelial barriers Cellular immunity

Vitamin A

Vitamin C

Vitamin E

Zinc

Vitamin A

Vitamin

Vitamin

Vitamin

Vitamin D

Vitamin E

Folic acid

Vitamin A

Vitamin

Vitamin

Vitamin

Vitamin E

Folic acid

Zinc

“12 “12

Iron Copper
SeleniumZinc

Copper
Selenium

Table 1 Summary of the sites of action ofmicronutrients

on the immune system

significance [6] Finally optimal plasma concentrations

during the acute phase of disease remain presently
uncertain Nowadays there is a wide variation in the

presence and content of protocols for micronutrient

administration We hypothesize that targeted detection

correction of multiple micronutrients could be a major step
forward rapid determination of the micronutrient status in

individual patients and subsequent titrated supplementation
This may be superior to empirical higher dose administration

since prolonged administration of unnecessarily large doses

may be toxic particularly for iron copper selenium zinc

and the vitamins A and E figure 1

Aim of this project

Thraihofct lor Adverse reijxwiMt

£

I
Region of

Homeostasis

Deficiency Toxicity

To develop a multiparameter micronutrient assay with mass

spectrometry for targeted detection correction of multiple
micronutrients in critically ill patients with COVID 19

pneumonia

Figure 1 Dose response relations for essential

vitamin or mineral nutrients Hayes Am J Clin Nutr

2008

2 PLAN VAN AANPAK

Sub aim 1 Month 1 6 Development of multi parameter mass spectrometry assay for comprehensive

determination of water soluble and fat soluble vitamins in patient plasma

Water soluble and fat soluble vitamins in clinical samples are currently analysed separately using various

methods which is very time consuming and laborious when a variety of vitamins needs to be measured

Therefore we will develop and implement a multiparameter vitamin assay that can simultaneously analyse
multiple water soluble and fat soluble vitamins in patient plasma To this end we will use an on line Liquid
Chromatography tandem Mass Spectrometry method using the proven accurate quantitation capabilities of

a Triple Quad™ mass spectrometer SCIEX QTrap5500 This instrument has enhanced scan functions to

enable simultaneous quantitation and confirmation at low level Vitamins will be extracted using appropriate
solvents as previously established One assay will be developed for the following water soluble vitamins
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Thiamin B1 Riboflavin B2 Nicotinic acid Nicotinamide B3 Pantothenic acid B5 Pyridoxine B6 Biotin

B7 Folic acid B9 Ascorbic acid C and Cyanocobalamin B12 and one assay for the following fat soluble

vitamins Retinol A p carotene proA Ergocalciferol D2 D3 a p y tocopherol E Phytonadione K1

and Menaquinone 4 7 K2 Predetermined Multiple Reaction Monitoring MRM transitions will be used to

develop a multiparameter method for quantitative analysis of the vitamins Three optimized MRM transitions

were selected for each vitamin one as quantifier ion and the others as confirmation ions A gradient elution

method will be set up for separation of both water soluble vitamins and fat soluble vitamins in one run aiming
to retain and separate the more polar analytes in the initial part of the gradient while the latter part of the

gradient will elute and separate the fat soluble vitamins using reversed phase conditions Calibration curves

will be made using vitamin standards and labelled standards spiked into biological matrix

Multi parameter mass spectrometry

assay for simultaneous detection and

quantification of water and fat soluble

vitamins in plasma

Total MRM chromatograms

xi ooo oom

83 amide

Water soluble

vitamins

2 5

I
XB

IF
A

0 0_

1 0 2 0 3 0 4 0 5 0

x1 000 000

E succinate

D3
Fat soluble

vitamins

0 5

A
t

0 00

75 10 0 ^7 min

Sub aim 2 Month 7 8 Validation of new multi parameter vitamin assay

We will bench mark limit of detection and quantification of the new multiparameter assay to the

conventional methods and explore repeatability The routine measurements will be performed by the

department of Clinical Chemistry with routine methods under IS015189 accreditation using High
Performance Liquid Chromatography HPLC mass spectrometry LC MS MS colorimetry competitive
immune assays and inductively coupled plasma mass spectrometry ICP MS The final multiparameter
assay for water and fat soluble vitamins will have good linearity R2 0 99 and a repeatability of less than

5 variation and is expected to outperform the conventional methods in both accuracy and speed

Sub aim 3 month 8 12 MICRONUTRI OMICs of biobank samples of ICU patients with COVID 19

In heparin and serum samples of 25 ICU patients with COVID 19 collected on day 1 3 5 7 14 and 21 of

their hospital stay we will perform the new multi vitamin assay and targeted analysis of trace elements We

will determine the micronutrient levels in a control group of 25 ICU patients with non COVID pneumonia as

well for comparison We will investigate the association of vitamin and trace elements to nutritional status

actual supplementation kidney function Renal Replacement Therapy liver function fluid balance severity
of organ dysfunction and comorbidity

Sub aim 4 Month 10 21 Prospective clinical study using MICRONUTRI OMICs of COVID 19 patients

receiving standard micronutrients supplementation protocol

Micronutrient profiling using the new multivitamin assay and targeted analysis of trace elements will be

applied to new patient samples towards the end of year 1 and in year 2 We

aim to include 50 patients of

whom blood will be sampled at

multiple time points Clear

deficiencies of the targeted
micronutrients will lead to

reevaluation and potentially
adjustment of the doses used

in our standard protocol
Currently all our ICU patients
receive once a day Cernevit

Table 2 Cernevit

Vitamin A

Biotin

Folic acid

Vitamin B12

Thiamine

Riboflavin

Vitamin B6

Panthotenic acid

Vitamin C

Vitamin D

Vitamin E

3500 IU

69 pg
414 pg

Table 3 Supliven
Chlorium chloride hexahydrate
Potassium jodide
Cupper chloride dihydrate
Manganese chloride tetra hydrate
Sodium fluoride

Sodium molybdate dihydrate
Sodium selenite anhydrate
Ferric chloride hexahydrate
Zinc chloride

53 3 pg
166 pg
1 0 mg
0 198 mg
2 1 mg
48 5 pg
173 pg
5 4 mg
10 5 mg

6 M9
3 51 mg

4 14 mg
4 53 mg
17 25 mg
125 mg
220 IU D3

10 2 mg
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table 2 and Supliven table 3 during the first S days of their ICU stay followed from the 6th day with

Supradyn complex forte We will investigate whether this supplementation is sufficient to normalize plasma
concentrations

3 HAALBAARHEID VAN HET PROJECT

The time schedule of our project has been outlined in the former section Since we have a lot of collected

blood samples of COVID 19 patients stored in biobank and all the necessary expertise know how and

equipment is present and running to perform the proposed measurements and development therefore we

don’t see any problems with feasibility However it is very important that the senior researcher for this

project will be experienced in mass spectrometry

4 RELEVANTIE VOOR DE PRAKTIJK

SHORT RUN benefits

In the first year of the project the multivitamin assay will be developed and micronutrient plasma levels of

samples stored in the biobank of COVID 19 patients will be determined These results will be immediately
applicable to daily practice because we will know whether the current practice of supplementation during
the first 5 days with Cernevit and Supliven is sufficient to normalize these concentrations in the COVID 19

patients or whether we should increase and or prolong the supplementation In the second part of the

project we will perform a prospective study in which we will use the multi vitamin assay togetherwith trace

element analysis in order to perform personalized daily adjustment of micronutrient levels based on

profiling results This project will provide an important tool for assessment and optimization of the

micronutrient status of our patients crucial for their immune defense

LONG RUN benefits

The results of this project can be used to start as a new second project an RCT comparing targeted
detection correction of multiple micronutrients with standard of care This RCT will be embedded in the

REMAP CAP trial Amsterdam UMC location VUmc will participate in the vitamin C domain of the REMAP

CAP trial So all the necessary logistic support will already be available In this RCT we will apply
AutoKinetics a clinical decision support system which is already being used for antibiotic dosing for

micronutrient dosing By feeding electronic health record patient data and the daily available micronutrient

plasma concentrations into pharmacokinetic models a tailored dosing advice will be provided at the

bedside in real time Optimization of micronutrient plasma levels may be of great benefit for the patients
and could lead to a faster recovery of organ dysfunction a decrease in mortality and earlier rehabilitation

after ICU admission

The ability to develop and apply this state of the art multiparameter vitamin assay the already existing
participation in REMAP CAP and the existing knowledge and experience of Autokinetics makes our

University Hospital a unique place and well qualified for this project The presence of all the necessary

collaborating departments in our University Hospital increases the chances of a successful project
tremendously The results will also be relevant for SARS COV 3 the next influenza or every other new

pandemic Moreover the results will also be applicable for the general ICU population Since REMAP CAP

is a large international trial the results will be easily widespread internationally Once developed the

multiparameter vitamin assay could be spread out to other hospitals as well To the best of our knowledge
there is currently no similar project running elsewhere

S DEELNAME VAN DE STAKEHOLDER S e g patienten zorgprofessronals etc

Collaboration of the department Clinical Chemistry Prof dr R de Jonge and the OncoProteomics

Laboratory Prof dr C R Jimenez with the department Intensive Care dr

REMAP CAP MEBISM
Autokinetics ^
Prof dr H Oudemans van Straaten Emeritus Professor Amsterdam UMC location VUmc

Critical care Nutrition expert Dr

10 2e

10 2e

[ initiator and coordinator of the Sepsis en daarna1 patient platform and support group10 2e
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