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Supplementary Information  

 

Cohorts 

a) Covid-19 vaccine cohort: This is a multi-dose study involving repeated injection of widely 

used Covid-19 vaccines, with effects being monitored for up to 16 months.  The study 

cohort comprised of 40 healthy adults aged 18 and above, residing in Western Australia 

(WA), who voluntarily received up to four doses of the COVID-19 vaccine between June 

2021 and December 2022.  All participants received at least two doses of vaccine, either 

with the mRNA vaccine Comirnaty™ (Pfizer-BioNTech, BNT162b2) or the adenovirus 

vector vaccine Vaxzevria™ (Oxford-AstraZeneca, ChAdOx1-S-AZD1222), as part of the 

WA Government COVID-19 vaccination program, following the recommendations of the 

Australian Technical Advisory Group on Immunization (ATAGI) [1]. Exclusion criteria 

included individuals with current acute or chronic infection, undergoing active 

chemotherapy or immunomodulatory therapies, diagnosed with autoimmune conditions, 

and undergoing active treatment; and those who had received any vaccination in the last 

two weeks prior to their COVID-19 vaccine.  

Mid-stream urine, fasting plasma and serum samples were collected from participants at 

baseline (t=0) and on days 1, 2, 4 (±2), 8 (±2) and 16 (±2) post each dose of COVID-19 

vaccine.  Additional urine and blood collections were performed on days 30 (±2), 60 (±7), 

120 (±14), 240 (±28) and 480 (±28) after the first dose. Participants provided information 

on a questionnaire consisting of any previous COVID-19 test results during the pandemic. 

Additionally, participants recorded any post-vaccination side effects after each dose of 

vaccine. A schematic of the blood and urine collection schedule, along with the types of 

assays performed, the number of volunteers receiving each dose of the vaccine, and the 

dropout rates, is depicted in Figure 1.  All participants provided written informed consent. 



 3 

Participants who provided at least 8 out of the scheduled 12 specimens within the first two 

vaccine doses and up to day 60 from the initial vaccine dose were included. This study was 

approved by the Murdoch University Human Research Ethics Committee (project number 

2021/49).  

 

b) SARS-CoV-2 reference cohort: It is known that SARS-CoV-2 infection strongly 

influences the levels of lipoproteins and small molecules in blood samples and that these 

effects can persist for months [2-5]. To investigate whether similar changes in these 

signatures were also elicited in individuals who have received multiple doses of the 

COVID-19 vaccine and demonstrated a positive IgG response, a reference cohort was 

compiled. This reference cohort included confirmed cases of SARS-CoV-2 infection, 

ascertained from upper and/or lower respiratory tract swabs using reverse transcription-

polymerase chain reaction (RT-PCR).  Only samples from individuals who exhibited mild 

cases of SARS-CoV-2 infection, not requiring hospitalization for oxygen supplementation 

and mechanical ventilation, were included. Samples from severe SARS-CoV-2 infection 

requiring hospitalization were excluded from this reference cohort. Severe infections are 

known to cause complex metabolic changes and necessitate various medical interventions, 

rendering comparisons of the metabolic profiles of these individuals with those who have 

received the COVID-19 vaccine unsuitable.  A total of 32 samples from acute mild SARS-

CoV-2 patients were collected by the Basque Biobank for Research (BIOEF) and the 

Western Australian South Metropolitan Health Service catchment as part of the 

International Severe Acute Respiratory and Emerging Infection Consortium 

(ISARIC)/World Health Organization (WHO) pandemic trial framework (South 

Metropolitan Health Service Research governance office PRN:3976). The control samples 

from this reference cohort were collected before the COVID-19 pandemic by Osarten 
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Kooperativa Elkartea from an apparently healthy population (employees of the Mondragon 

Cooperative [Basque Country]) during their annual medical tests [2]. This control cohort 

thus represents a “normal” population. Both the control (N=95) and SARS-CoV-2 infected 

(N=32) groups were matched for age range with the COVID-19 vaccination cohort. All 

participants provided informed consent for clinical investigations in accordance with the 

Declaration of Helsinki. The sample-handling protocol was evaluated and approved by the 

Comitéde Ética de Investigacióncon medicamentos de Euskadi (PI+CES-BIOEF 2020-04 

and PI219130). Research was conducted in accordance with the Murdoch University 

Human Ethics Committee approval and all data were anonymized (no. 2020/052 and 

2020/053). Samples supplied by BIOEF were imported under Import Permit 0004275122 

issued by the Australian Government’s Department of Agriculture, Water, and the 

Environment and approved by the Ministry of Health of the Spanish Government. All 

samples were stored at -80 °C until analysis.  

 

Laboratory Assays and Processing 

a) Anti-SARS-CoV-2 Spike 1 (S1) IgG Assay: The humoral response to the vaccine was 

assessed using the RecombiVirus series of ELISA kits for Human Anti-SARS-CoV-2 IgG 

(Alpha Diagnostics International, TX, USA) [6]. This evaluation was conducted on all 

serum samples collected until March 2022, of which 25 volunteers had received their third 

vaccine dose. In brief, serum samples were thawed at 4 °C for a maximum of 60 minutes 

and then centrifuged at 13,000 g. Subsequently, 5 μL of serum samples were diluted 1:100 

with low non-specific binding sample dilutant to minimize non-specific binding and other 

matrix effects. Each 96-well plate included two "blanks" using sample diluent, two anti-

SARS-CoV-2 S1 as positive controls, and two sets of anti-SARS-CoV-2 S1 calibrators at 

1, 2.5, 5 and 10 U/mL. Automated washing steps were performed using the BIORAD BIO-
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Plex Pro™ wash station. Optical density (OD) readings and raw data calculations were 

obtained using the Agilent BioTek Gen5TM 3.10 software on the 800TM TS absorbance 

reader (BioTek Instruments, Vermont, USA) at a wavelength of 450 nm. To determine the 

IgG concentration (U/mL) in each sample, the OD absorbance reading was converted using 

the average of the two standard curves generated using the manufacturer's calibrators OD 

reading, after deducting the average reading based on both blank samples. The absorbance 

reading recorded using Gen5 3.10 software was then converted to U/mL. An IgG reading 

exceeding 1.2 U/mL was considered a positive response to vaccination, as per the 

manufacturer’s protocol. Within-plate reproducibility was assessed using the PQC, 

showing a coefficient of variation (CV) of <10% for all the plates, indicating excellent 

reproducibility and reliability of the results. The processed IgG data were checked for 

trends across different time points, relative to baseline (t=0). 

 

b) Cytokines Assay: Quantitative analysis of 34 cytokines were measured using the Cytokine 

& Chemokine 34-Plex Human ProcartaPlex™ Panel 1A assay kit (Invitrogen™, Thermo 

Fisher Scientific International, MA, USA) on the MagPix detection system (Luminex, 

USA) according to manufacturer’s recommendations [3]. This assay covered a spectrum 

of cytokines and chemokines [7] selected based on a previous study comparing SARS-

CoV-2 infection with healthy controls [3]. The complete analyte panel list, along with the 

details of each analyte’s sensitivity and standard curve range is outlined in Supplementary 

Table 1.  Briefly, each plate included two sets of seven 4-fold serial dilutions of antigen 

standard, two negative control blanks, and a minimum of three PQC samples [3]. Serum 

samples were thawed at 4 °C for maximum 60 minutes, followed by the addition of 25 μL 

of serum to a 96-well plate containing the capture bead. The plate was then incubated 

overnight at 4 °C before being washed three times with the wash buffer using the magnetic 
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separator Bio-Plex Pro™ wash station (Bio-Rad Laboratories). Detection antibody mixes 

containing Streptavidin-Phycoerythrin were added to each well and incubated for 30 

minutes at 20 °C on a shaker, followed by three additional washes with the wash buffer. 

Subsequently, an assay buffer was added and incubated for a further 5 minutes before 

analysis using a MagPix™ detection system. Median fluorescence intensity (MFI) values 

obtained from the Luminex™ multiplex immunoassay were processed using the 

‘scluminex’ function in the ‘drc’ package. This process includes removing noise and 

eliminating background signals while considering the standards and background MFI, 

followed by normalization, and data filtering [8, 9]. To ensure the accuracy and reliability 

of the data, the reproducibility of each analyte on every plate was ensured by using a PQC 

sample. This PQC sample was reanalyzed at a minimum of three different intervals during 

the analysis of each plate. Analytes exhibiting a CV < 20% were included for further 

analysis. All analyses were performed using statistical software R studio using the 

Multiplex Immunoassays Data Analysis drLumi (v0.12), drc (v 3.0-1) packages [8]. To 

account for potential batch effects between plates, the library ‘limma’ was utilized on log-

10 transformed data. The processed cytokines data for each time point were normalized to 

baseline (t=0). 

 

c) Quantitative NMR-measured analytes: NMR measurements were performed on a Bruker 

600 MHz Avance III HD spectrometer equipped with a 5 mm BBI probe and fitted with a 

Bruker SampleJet™ robot with the cooling system set to 5 °C. Calibration of the 

spectrometer consisted of temperature calibration with 99.8% deuterated methanol set for 

310 K and water suppression with a standard 2nM sucrose sample (0.5 mL sodium 

trimethylsilyl propionate-[2,2,3,3–2H4] (TSP), 2 mM NaN3 in 10% D2O: 90% H2O) [10] 

followed by the Bruker standard Quantref sample validation and calibration, unique to the 
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spectrometer. [10] All experiments were completed using the Bruker in vitro diagnostics 

research (IVDr) methods [11]. A validated sampling preparation and handling protocol for 

blood samples was used as previously described [12]. Briefly, prior to NMR analysis, 

frozen samples were thawed at 4 °C for maximum 60 min and centrifuged at 13,000 g for 

10 min at 4 °C. An equal sample volume of 350 μL of serum was mixed with 350 μL 

phosphate buffer (75 mM Na2HPO4, 2 mM NaN3, 4.6 mM TSP in D2O, pH 7.4 ± 0.1) and 

600 μL of the resulting mixture was transferred to a SampleJet NMR tube (5 mm outer 

diameter). For quality control samples, a PQC sample was used. Three experiments were 

completed in automation with a total analysis time of 12.5 min: a 1H one-dimensional (1D) 

experiment with solvent suppression (32 scans, relaxation delay of 4s, 96K data points, 

spectral width of 30 ppm, line broadening of 0.3 Hz, zero-filled to 128K), a T2 relaxation-

filtered Carr–Purcell–Meiboom–Gill spin-echo experiment (32 scans, 72K data points, the 

spectral width of 20 ppm, line broadening of 0.3 Hz, zero-filled to 128K); and a two-

dimensional J-resolved experiment (2 scans, 40 t1 increments, and a spectral width of 16 

ppm in F1 and 78 Hz in F2 ). All data were processed in automation using Bruker Topspin 

3.6.2 and ICON NMR to achieve phasing and baseline correction.  

Lipoprotein reports consisting of 112 lipoprotein parameters for each sample were 

generated using the Bruker IVDr Lipoprotein Subclass Analysis (B.I.LISA) method [11], 

Supplementary Table 2. This was completed by quantifying the complex −CH2 (δ = 1.25) 

and −CH3 (δ = 0.8) spectral profiles of the 1D NMR spectra after normalization to the 

Bruker QuantRef manager within Topspin using a PLS-2 regression model. The 

lipoprotein subclasses included different molecular components of very low-density 

lipoprotein (VLDL, 0.950–1.006 kg/L), low-density lipoprotein (LDL, density 1.09–1.63 

kg/L), intermediate-density lipoprotein (IDL, density 1.006–1.019 kg/L), and high-density 

lipoprotein (HDL, density 1.063–1.210 kg/L). The LDL subfraction was further divided 
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into six density classes (LDL-1 1.019–1.031 kg/L, LDL-2 1.031–1.034 kg/L, LDL-3 

1.034–1.037 kg/L, LDL-4 1.037–1.040 kg/L, LDL-5 1.040–1.044 kg/L, and LDL-6 1.044–

1.063 kg/L), and the HDL subfractions were divided into four different density classes 

(HDL-1 1.063–1.100 kg/L, HDL-2 1.100–1.125 kg/L, HDL-3 1.125–1.175 kg/L, and 

HDL-4 1.175–1.210 kg/L). The concentrations of 21 low-molecular-weight metabolites 

were determined using Bruker IVDr quantification in plasma/serum B.I.Quant-PS, after 

excluding those that below the limits of detection. The quantified metabolites included 

acetic acid, acetone, citric acid, creatine, creatinine, formic acid, glucose, glutamic acid, 

glutamine, glycine, histidine, D-3-hydroxybutyric acid, isoleucine, lactic acid, leucine, 

lysine, methionine, phenylalanine, pyruvic acid, tyrosine, and valine.  

 
 

Data Analysis  

Principal components Analysis (PCA) [13] was performed on the 133 analytes measured by 

NMR, which comprised 112 lipoproteins and 21 low-molecular-weight metabolites, to provide 

an overview of the data, discern trends, and identify outliers. Orthogonal Projection to Latent 

Structures-Discriminant Analysis (OPLS-DA) modelling was used to evaluate the multivariate 

metabolic response to the vaccine. All data were mean-centred and scaled to unit variance prior 

to PCA and OPLS-DA. Specifically, each OPLS-DA model underwent seven-fold cross-

validation to assess performance and to optimize the number of orthogonal components [14]. 

The significance of each model was determined by a permutation test (N=100). The 

performance of the OPLS-DA model was ascertained through the Q2Y parameter. The 

contributory metabolic signatures that distinguished between groups in the significant OPLS-

DA models were identified through loadings analysis and pairwise Kruskal-Wallis tests, using 

the Bonferroni correction, with a significance threshold set at p < 0.05.  
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To evaluate the resemblance of the metabolic profiles of vaccinated samples to those of mild 

cases of SARS-CoV-2 infection, OPLS-DA models were constructed using the SARS-CoV-2 

reference cohort. This incorporated a Monte Carlo resampling strategy involving 2,000 

iterations.  For each iteration, a class-balanced OPLS-DA model was constructed, comprising 

all mild cases of SARS-CoV-2 infection (N=32) and a random selection of 32 controls. This 

approach mitigated bias arising from unbalanced classes within the SARS-CoV-2 reference 

cohort. Then, vaccinated samples were projected onto each of these OPLS-DA models. The 

fraction of models that projected the sample into the controls class was used to determine 

whether the sample was more akin to a control (positive) or to a SARS-CoV-2 case (negative). 

To minimize false positives, a high threshold of acceptance of >75% was adopted. This 

threshold assigns a sample as a control if and only if it is classified as such in at least 1,500 of 

the 2,000 resampled OPLS-DA models. Additional OPLS-DA models were constructed to 

assess acute changes in the metabolic profile after each dose of the COVID-19 vaccine. OPLS-

DA models compared samples collected at baseline (before vaccination, t=0) with those 

collected on days 1, 2, 4, 8 and 16 after each dose, in a pairwise manner. To evaluate the longer-

term impact of vaccination on metabolic profiles, baseline samples were also compared with 

those collected on days 60, 120, 240 and 480 post-vaccination. Univariate Functional Principal 

Component Analysis (FPCA) with the PACE algorithm [15, 16] was employed to characterize 

both inter-individual and intra-individual variability and to estimate individual vaccination 

trajectories. Briefly, FPCA modelled individual parameter trajectories using a mean function 

and a covariance function. These trajectories were expressed as a linear combination of 

orthogonal functions, weighted by individual-specific scores [15, 16]. This analysis was 

performed on all cytokines indicative of inflammatory responses, and only on significant 

metabolic signatures that differentiated the control group from the SARS-CoV-2 infection 

group within the reference cohort. The bandwidth for smoothing of the covariance function 
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was set to 2. A functional boxplot for each analyte, based on the function scores, was created 

to enable the visualization of trends and variations over time. Paired Wilcoxon tests, adjusted 

for multiple testing using the false discovery rate, were performed to assess the significance 

of deviations from the baseline, with a significance level set at p < 0.01. All analyses were 

performed in R using in-house scripts along with packages “fdapace ”  [17] and  “ropls”  [18].  
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Supplementary Figure 2: Self-reported side-effects, stratified by IgG response groups. 

The ribbon plot illustrates the changes in the ranking of self-reported side-effect, stratified by 

IgG response groups. Accompanying pie charts display the count of reported side effects for 

each response group following the (A) first; (B) second; (C) third; and (D) fourth dose of 

vaccine.  
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Supplementary Figure 3: Functional boxplots, derived from FPCA, illustrate the 

temporal fluctuations of each chemokine from baseline (t=0) over a period of 480 days. 

The green line represents the functional median, while the dark gray area corresponds to the 

interquartile range and the light gray represents the range spanned by the curves within the 

2.5th and 97.5-th percentiles. Vertical lines mark the time points one day after each dose of 

vaccine.  Keys for time points: 0: Baseline; 1 to 5: Days 1, 2,4, 8 and 16 following the first 

vaccine dose; 6 to 10: Days 1, 2,4, 8 and 16 following the second vaccine dose; 11: Day 60 

post-first vaccine dose; 12: Day 120 post-first vaccine dose; 13 to 18: Days 0, 1, 2, 4, 8, and 

16 following the third vaccine dose; and 19 to 24: Days 0, 1, 2, 4, 8, and 16 following the 

fourth vaccine dose. The asterisks (*) on the first and second days after the third vaccine dose 

indicate these time points showed significantly higher levels of IP10 (CXCL10) compared to 

baseline, after adjusting for the false discovery rate at 0.01. 
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Supplementary Figure 4: Modelling of the COVID-19 vaccine cohort and SARS-CoV-2 

reference cohort.  (A) The PCA scores plot of the COVID-19 vaccine cohort shows a tight 

clustering of the pooled quality control (PQC) samples, depicted in red, which were analyzed 

repeatedly throughout the analytical batch, contrasting with the large variability of the samples 

(in blue). (B) The PCA scores plot of the COVID-19 vaccine cohort, without the PQC samples 

but color-coded by individual participants, indicates that samples from the same individuals 

tend to co-cluster. (C) The PCA scores plot of the SARS-CoV-2 reference dataset reveals a 

tendency for samples from mild cases of SARS-CoV-2 infection (depicted in pink) to co-cluster 

separately from controls (depicted in black), particularly along PC 1 and 3. (D) OPLS-DA 

model of the SARS-CoV-2 reference cohort, showing clear clustering between controls and 

mild cases of SARS-CoV-2 infection. (E) A random permutation of the OPLS-DA model was 

constructed, based on 100 iterations, showing the high robustness of the model. (F) The 

statistics for the OPLS-DA model based on the SARS-CoV-2 reference dataset. 
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Supplementary Figure 5: OPLS-DA scores plot for the COVID-19 vaccination cohort. (A) 

The OPLS-DA scores plot depicts the separation between samples collected at baseline (t=0), 

represented in green, and samples collected at day 240, represented in yellow. (B) The OPLS-

DA eruption plot reveals that a significant contributing factor to the separation between t =0 

and t=240 are the elevated levels of citric acid and glutamic acid, respectively.  
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Supplementary Figure 6: Functional boxplots, derived from FPCA, illustrate 

insignificant temporal fluctuations of 35 lipoproteins and 6 small molecule metabolites 

over a period of 480 days. The green line represents the functional median, while the dark 

gray area corresponds to the interquartile range and the light gray represents the range spanned 

by the curves within the 2.5th and 97.5-th percentiles. Vertical lines mark the time points one 

day subsequent to each dose of vaccine. The boxplots indicate the distributions of the 

corresponding analyte for healthy controls (blue) and mild cases of SARS-CoV-2 infection 

(red) in the SARS-CoV-2 reference cohort.  The horizontal red line marks the median value 

for the mild SARS-CoV-2 infection.  Keys for time points: 0: Baseline; 1 to 5: Days 1, 2,4, 8 

and 16 following the first vaccine dose; 6 to 10: Days 1, 2,4, 8 and 16 following the second 

vaccine dose; 11: Day 60 post-first vaccine dose; 12: Day 120 post-first vaccine dose; 13 to 

18: Days 0, 1, 2, 4, 8, and 16 following the third vaccine dose; and 19 to 24: Days 0, 1, 2, 4, 

8, and 16 following the fourth vaccine dose. 
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Supplementary Table 1: Sensitivity and standard curve range for each cytokine and 

chemokine measured in this study.    

 Cytokine/chemokine  Abbreviation Sensitivity 
(pg/mL) 

Standard Curve Range 
(pg/mL) 

Eotaxin  Eotaxin (CCL11) 1.4 0.61-2500 
Granulocyte-macrophage colony-stimulating 
factor  GM-SCF 1.2 17.09-70000 
Growth related oncogene alpha  GRO-a 2.8 2.44-10000 
Interferon alpha  IFN-a 0.2 0.61-2500 
Interferon gamma  IFN-g 0.2 12.21-50000 
Interleukin-1 receptor antagonist  IL-1RA 17.8 34.18-140000 
Interleukin -1alpha  IL-1a 0.1 0.61-2500 
Interleukin -1 beta  IL-1b 0.2 2.44-10000 
Interleukin -2  IL-2 0.8 4.88-20000 
Interleukin -4  IL-4 1.5 12.21-50000 
Interleukin -5  IL-5 0.3 7.32-30000 
Interleukin -6  IL-6 0.4 9.77-40000 
Interleukin -7  IL-7 0.2 0.61-2500 
Interleukin -8  IL-8 (CXCL8) 1.2 2.44-10000 
Interleukin -9  IL-9 0.5 9.77-40000 
Interleukin -10  IL-10 0.1 2.44-10000 
Interleukin -12p70  IL12p70 0.04 6.84-28000 
Interleukin -13  IL-13 0.1 2.44-10000 
Interleukin -15  IL-15 1.1 3.05-12500 
Interleukin -17A  IL-17A (CTLA8) 0.1 2.44-10000 
Interleukin -18  IL-18 0.4 9.77-40000 
Interleukin -21  IL-21 0.6 9.77-40000 
Interleukin -22  IL-22 8.2 31.74-130000 
Interleukin -23  IL-23 0.9 14.65-60000 
Interleukin -27  IL-27 5.1 24.41-100000 
Interleukin -31  IL-31 3.3 19.53-80000 
Interferon gamma-induced protein-10  IP-10 (CXCL10) 0.3 1.95-8000 
Monocyte chemoattractant protein-1  MCP-1 (CCL2) 0.6 1.22-5000 
Macrophage inflammatory protein-1 alpha  MIP-1a (CCL3) 1.1 2.14-8750 
Macrophage inflammatory protein-1 beta  MIP-1b (CCL4) 4.7 6.10-25000 
Regulated on activation, normal T-expressed and 
secreted  RANTES (CCL5) 0.2 0.61-2500 
Stromal cell-derived factor 1 alpha  SDF-1a 20.5 17.09-70000 
Tumor necrosis factor alpha  TNF-a 0.4 8.54-35000 
Tumor necrosis factor beta TNF-b 1.6 6.10-25000 
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Supplementary Table 2: Annotation of the keys used by the Bruker IVDr Lipoproteins 

Subclass Analysis (B.I.LISA TM) 

Abbreviation  Class / Subclass Compound Unit 

TPTG Total Plasma Triglycerides mg/dL 

TPCH Total Plasma Cholesterol mg/dL 

LDCH LDL Cholesterol mg/dL 

HDCH HDL Cholesterol mg/dL 

TPA1 Total Plasma Apolipoprotein-A1 mg/dL 

TPA2 Total Plasma Apolipoprotein-A2 mg/dL 

TPAB Total Plasma Apolipoprotein-B100 mg/dL 

LDHD Ratio LDL and HDL Cholesterol LDL Cholesterol / HDL 
Cholesterol -/- 

ABA1 Ratio of Apolipoproteins B100 
and A1 

Apolipoprotein-B100 / 
Apolipoprotein-A1 -/- 

TBPN Apolipoprotein-B100 carrying 
particles Particle Number nmol/L 

VLPN VLDL  Particle Number nmol/L 

IDPN IDL  Particle Number nmol/L 

LDPN LDL Particle Number nmol/L 

L1PN LDL-1 Particle Number nmol/L 

L2PN LDL-2  Particle Number nmol/L 

L3PN LDL-3  Particle Number nmol/L 

L4PN LDL-4  Particle Number nmol/L 

L5PN LDL-5  Particle Number nmol/L 

L6PN LDL-6 Particle Number nmol/L 

VLTG VLDL Class Triglycerides mg/dL 

IDTG IDL Class Triglycerides mg/dL 

LDTG LDL Class Triglycerides mg/dL 

HDTG HDL Class Triglycerides mg/dL 

VLCH VLDL Class Cholesterol mg/dL 

IDCH IDL Class Cholesterol mg/dL 

VLFC VLDL Class Free Cholesterol mg/dL 
IDFC IDL Class Free Cholesterol mg/dL 
LDFC LDL Class Free Cholesterol mg/dL 

HDFC HDL Class Free Cholesterol mg/dL 

VLPL VLDL Class Phospholipids mg/dL 

IDPL IDL Class Phospholipids mg/dL 

LDPL LDL Class Phospholipids mg/dL 

HDPL HDL Class Phospholipids mg/dL 

HDA1 HDL Class Apolipoprotein-A1 mg/dL 
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HDA2 HDL Class Apolipoprotein-A2 mg/dL 

VLAB VLDL Class Apolipoprotein-B100 mg/dL 

IDAB IDL Class Apolipoprotein-B100 mg/dL 

LDAB LDL Class Apolipoprotein-B100 mg/dL 

V1TG VLDL-1 Subclass Triglycerides mg/dL 

V2TG VLDL-2 Subclass Triglycerides mg/dL 

V3TG VLDL-3 Subclass Triglycerides mg/dL 

V4TG VLDL-4 Subclass Triglycerides mg/dL 

V5TG VLDL-5 Subclass Triglycerides mg/dL 

V1CH VLDL-1 Subclass Cholesterol mg/dL 

V2CH VLDL-2 Subclass Cholesterol mg/dL 

V3CH VLDL-3 Subclass Cholesterol mg/dL 

V4CH VLDL-4 Subclass Cholesterol mg/dL 

V5CH VLDL-5 Subclass Cholesterol mg/dL 

V1FC VLDL-1 Subclass Free Cholesterol mg/dL 

V2FC VLDL-2 Subclass Free Cholesterol mg/dL 

V3FC VLDL-3 Subclass Free Cholesterol mg/dL 

V4FC VLDL-4 Subclass Free Cholesterol mg/dL 

V5FC VLDL-5 Subclass Free Cholesterol mg/dL 

V1PL VLDL-1 Subclass Phospholipids mg/dL 

V2PL VLDL-2 Subclass Phospholipids mg/dL 

V3PL VLDL-3 Subclass Phospholipids mg/dL 

V4PL VLDL-4 Subclass Phospholipids mg/dL 

V5PL VLDL-5 Subclass Phospholipids mg/dL 

L1TG LDL-1 Subclass Triglycerides mg/dL 

L2TG LDL-2 Subclass Triglycerides mg/dL 

L3TG LDL-3 Subclass Triglycerides mg/dL 

L4TG LDL-4 Subclass Triglycerides mg/dL 

L5TG LDL-5 Subclass Triglycerides mg/dL 

L6TG LDL-6 Subclass Triglycerides mg/dL 

L1CH LDL-1 Subclass Cholesterol mg/dL 

L2CH LDL-2 Subclass Cholesterol mg/dL 

L3CH LDL-3 Subclass Cholesterol mg/dL 

L4CH LDL-4 Subclass Cholesterol mg/dL 

L5CH LDL-5 Subclass Cholesterol mg/dL 

L6CH LDL-6 Subclass Cholesterol mg/dL 

L1FC LDL-1 Subclass Free Cholesterol mg/dL 

L2FC LDL-2 Subclass Free Cholesterol mg/dL 

L3FC LDL-3 Subclass Free Cholesterol mg/dL 

L4FC LDL-4 Subclass Free Cholesterol mg/dL 

L5FC LDL-5 Subclass Free Cholesterol mg/dL 
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L6FC LDL-6 Subclass Free Cholesterol mg/dL 

L1PL LDL-1 Subclass Phospholipids mg/dL 

L2PL LDL-2 Subclass Phospholipids mg/dL 

L3PL LDL-3 Subclass Phospholipids mg/dL 

L4PL LDL-4 Subclass Phospholipids mg/dL 

L5PL LDL-5 Subclass Phospholipids mg/dL 

L6PL LDL-6 Subclass Phospholipids mg/dL 

L1AB LDL-1 Subclass Apolipoprotein-B100 mg/dL 

L2AB LDL-2 Subclass Apolipoprotein-B100 mg/dL 

L3AB LDL-3 Subclass Apolipoprotein-B100 mg/dL 

L4AB LDL-4 Subclass Apolipoprotein-B100 mg/dL 

L5AB LDL-5 Subclass Apolipoprotein-B100 mg/dL 

L6AB LDL-6 Subclass Apolipoprotein-B100 mg/dL 

H1TG HDL-1 Subclass Triglycerides mg/dL 

H2TG HDL-2 Subclass Triglycerides mg/dL 

H3TG HDL-3 Subclass Triglycerides mg/dL 

H4TG HDL-4 Subclass Triglycerides mg/dL 

H1CH HDL-1 Subclass Cholesterol mg/dL 

H2CH HDL-2 Subclass Cholesterol mg/dL 

H3CH HDL-3 Subclass Cholesterol mg/dL 

H4CH HDL-4 Subclass Cholesterol mg/dL 

H1FC HDL-1 Subclass Free Cholesterol mg/dL 

H2FC HDL-2 Subclass Free Cholesterol mg/dL 

H3FC HDL-3 Subclass Free Cholesterol mg/dL 

H4FC HDL-4 Subclass Free Cholesterol mg/dL 

H1PL HDL-1 Subclass Phospholipids mg/dL 

H2PL HDL-2 Subclass Phospholipids mg/dL 

H3PL HDL-3 Subclass Phospholipids mg/dL 

H4PL HDL-4 Subclass Phospholipids mg/dL 

H1A1 HDL-1 Subclass Apolipoprotein-A1 mg/dL 

H2A1 HDL-2 Subclass Apolipoprotein-A1 mg/dL 

H3A1 HDL-3 Subclass Apolipoprotein-A1 mg/dL 

H4A1 HDL-4 Subclass Apolipoprotein-A1 mg/dL 

H1A2 HDL-1 Subclass Apolipoprotein-A2 mg/dL 

H2A2 HDL-2 Subclass Apolipoprotein-A2 mg/dL 

H3A2 HDL-3 Subclass Apolipoprotein-A2 mg/dL 

H4A2 HDL-4 Subclass Apolipoprotein-A2 mg/dL 
Abbreviations: LDL, low-density lipoprotein; HDL, high-density lipoprotein; VLDL, very low-density 
lipoprotein; and IDL, intermediate-density lipoprotein. 
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