Table 1. Cohort demographics are presented as counts and percentages (%) for categorical data and means with interquartile range for continuous data.
[image: ][footnoteRef:2] [2:  P-values indicating significant differences between groups follow ‘star’ notation i.e., ‘***’ correspond to p-values < 0.001, ‘**’ < 0.01, ‘*’ < 0.05, ‘.’ < 0.1 and missing when > 0.1. P-values for severity were calculated by comparing severe case to the combined population of mild and intermediate cases. The study compared 46 control individuals to 95 COVID-19 patients. Only limited clinical information was available for the control population. From the COVID-19 cohort 44 patients developed severe symptoms and 23 patients died as a result of the infection. Some disparity can be observed in gender as women represent 41% of the severe cases and only 35% of the deceased patients. It can be noted that severe case and poor outcome groups have higher mean age; however, groups are well balanced in age between the control and COVID-19 cohorts. BMI differences are significant in severity and disease, but not in outcome. Hypertension showed significant in severity but not in outcome. Cardiac disease refers to multiple cardiovascular conditions, most frequently: ischemic heart disease, atrial fibrillation, and heart failure. Kidney disease is a grouping of stages G2 to G5 of chronic kidney disease as defined by the National Institute for Health and Care Excellence NICE (2015). Chronic kidney disease in adults: assessment and management Clinical guideline [CG182].. Liver disease in most cases refers to cirrhosis and hepatitis. Malignancy cases vary from lung, bladder, prostate, skin cancer to haematological. Those underlying conditions did not show significant differences in severe infections or poor outcome. Severity score metrics based on the 4C Mortality score Knight, S.R., Ho, A., Pius, R., Buchan, I., Carson, G., Drake, T.M., Dunning, J., Fairfield, C.J., Gamble, C., and Green, C.A. (2020). Risk stratification of patients admitted to hospital with covid-19 using the ISARIC WHO Clinical Characterisation Protocol: development and validation of the 4C Mortality Score. bmj 370. are provided as group means. O2 support indicates the number of patients that required oxygen support at any time during their hospitalization. Mechanical respiratory support indicates the need of invasive support or continuous positive airway pressure (CPAP). Max FiO2 captures the maximum fraction of inspired oxygen required by the patient during the hospitalization period, where respiratory support captures the patients requiring any support at diagnosis and FiO2 represents the fraction of inspired oxygen required at time of sample acquisition. As expected, oxygen need and inspired fraction, are highly correlated with severity and in some cases with fatal outcome. National Early Warning Score (NEWS) also showed correlation with both severity and outcome. Despite kidney disease classification not showing correlation, estimated Glomerular Filtration Rate (eGFR) levels were significantly different across severity and outcome classes. Fever (temperature ≥ 38 °C), cough, shortness of breath (SOB), pulse and systolic blood pressure (BP) were noted at time of sample acquisition and did not show relation to severity or outcome. Respiratory rate also taken at samples acquisition showed correlation with severity. Haemoglobin levels (Hb), white blood cell count (WBC), lymphocyte count (Lymphs), platelets count (PLTs), haematocrit (HCT) and alanine aminotransferase (ALT) measured at sample acquisition did not show significant correlation with severity and outcome except Hb in outcome. Urea, creatinine, and C-reactive protein (CRP) concentrations are consistently elevated in severe and deceased patients. Hb, WBC, Lymphs, PLTs and HCT were measured on Beckman Coulter DxH800. ALT, urea, creatinine and CRP were measured on a Roche immunoturbidimetric assay on COBAS e602 platform.  Reference ranges for normal population are provided in square brackets [] when available.] 

Table 2. Compound concentrations per group are in µM following the format of Q2 (Q1-Q3). Where Q2 represents the median value of the distribution and Q1 & Q3 are the 25th & 75th percentile respectivly. This format was selected as the measurements per group were not normally distributed.
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Table 3. Results from logistic regression comparing COVID-19 to control, severe cases to non-severe and deceased to discharged patients.
[image: ][footnoteRef:3] [3:  Note the concentrations were scaled prior to analysis to support comparison between compounds. Mild COVID-19 patients’ group (n=28) and discharged COVID-19 patients’ group (n=72) were compared to control patients. All results are presented as ORs and 90% CIs. Significant relationships with OR > 2 or < 0.5 are coloured in dark blue and significant relationship with smaller effect are coloured in light blue to enhance readability. The strongest differentiator of COVID-19 cases vs. controls was the level of ddhC which, for most cases, is non-existent in control patients. In general, the mild and discharged patient population is quite comparable to the control population, despite significant logistic regression results indicting lower levels in mild COVID-19 cases e.g., KYNA, KYN, KYNA/TRP. As shown in the case for KYNA/TRP (SI Figure 14) those results are mainly influenced by outliers in the control population rather than general trends. In severity all compounds were significant except tryptophan and ddhC. When looking at the ratios KYNA/TRP ratio shows the strongest OR summarising the trends in the TRP degradation pathway. In outcome KYNA has the strongest relationship to poor outcome with KYNA/KYN ratios. Finally, C4 and iso-C4 carnitines show significance in severity and outcome, where age partially explains the relationship to outcome. No relation of the C4/iso-C4 ratio in COVID-19 severity or outcome was observed.] 










Table 4. Results from multi compound logistic regression presented in terms of mean area under the curve (AUC) and its standard deviation (SD) as calculated by Monte Carlo cross validation. In addition, mean balanced accuracy is presented to aid interpretation (with threshold of 50%). A model based on existing clinical data predicts severity very well mainly because FiO2 is key to determining severity. The same model in COVID-19 outcome provides a reasonable performance. In both cases the addition of KYNA/TRP ratio improves the model and in COVID-19 outcome KYNA/TRP offers more predictive power than clinical data.

[image: ]


Table 5. MS method details per compound including retention time (RT), collision energy (N)CE in higher energy C trap dissociation (HCD) cell and parallel reaction monitoring (PRM) as precursor, quantitative target, confirming ion and fragment when applicable.
[image: ]

2

image3.emf
Compound

All Mild  Discharged Age Sex Age & Sex Age Sex Age & Sex

KYNA

0.85 

(0.61-1.1)

0.16 

(0.017-0.64)

0.65 

(0.37-0.97)

3.4 

(1.7-9.2)

2.9 

(1.5-7.7)

3.4 

(1.7-8.8)

2.9 

(1.4-7.4)

2.3 

(1.5-4)

1.8 

(1.2-3.1)

2.3 

(1.5-4.1)

1.8 

(1.2-3.2)

KYN

1.5 

(1-2.3)

0.56 

(0.29-0.93)

1.2 

(0.87-1.8)

3.1 

(1.8-5.9)

2.9 

(1.6-5.8)

3.2 

(1.9-6.1)

2.9 

(1.6-5.7)

1.6 

(1.1-2.7)

1.2 

(0.82-2)

1.6 

(1.1-2.7)

1.2 

(0.78-2)

TRP

0.71 

(0.52-0.97)

0.83 

(0.55-1.2)

0.76 

(0.55-1.1)

0.78 

(0.55-1.1)

0.81 

(0.56-1.2)

0.78 

(0.54-1.1)

0.8 

(0.55-1.2)

0.68 

(0.43-1)

0.7 

(0.44-1.1)

0.67 

(0.44-1)

0.7 

(0.44-1.1)

C4-carnitine

1.1 

(0.81-1.6)

0.54 

(0.21-1)

0.97 

(0.69-1.4)

1.9 

(1.3-3.1)

1.7 

(1.1-2.8)

1.9 

(1.3-3.1)

1.7 

(1.1-2.9)

1.7 

(1.2-2.6)

1.5 

(0.99-2.3)

1.7 

(1.1-2.6)

1.4 

(0.9-2.2)

iso-C4-carnitine

1.3 

(0.91-1.9)

0.55 

(0.2-1.1)

1 

(0.75-1.5)

2.6 

(1.6-4.4)

2.3 

(1.4-4.2)

2.6 

(1.6-4.5)

2.3 

(1.4-4.2)

1.9 

(1.3-2.9)

1.6 

(1.1-2.5)

1.9 

(1.3-3)

1.6 

(1-2.4)

ddhC

65 

(18-348)

22 

(6.4-102)

37 

(11-192)

1.1 

(0.75-1.5)

0.99 

(0.69-1.4)

1.1 

(0.76-1.6)

1 

(0.71-1.5)

1.5 

(1-2.2)

1.4 

(0.9-2.1)

1.6 

(1-2.4)

1.5 

(0.98-2.4)

KYN/TRP

1.1 

(0.81-1.6)

0.35 

(0.082-0.85)

0.94 

(0.68-1.3)

2.8 

(1.7-5.4)

2.6 

(1.5-4.9)

2.8 

(1.8-5.3)

2.6 

(1.5-4.9)

2 

(1.3-3.1)

1.6 

(1.1-2.5)

2 

(1.3-3.1)

1.6 

(1-2.5)

KYNA/KYN

0.67 

(0.42-0.96)

0.37 

(0.095-0.89)

0.38 

(0.14-0.76)

2 

(1.3-3.7)

1.9 

(1.1-3.4)

2 

(1.3-3.7)

1.8 

(1.1-3.3)

2.7 

(1.6-5)

2.4 

(1.4-4.5)

2.8 

(1.7-5.3)

2.4 

(1.4-4.8)

KYNA/TRP

0.79 

(0.55-1.1)

0.12 

(0.009-0.61)

0.58 

(0.29-0.91)

3.7 

(1.7-12)

3.1 

(1.4-9.9)

3.9 

(1.7-13)

3.1 

(1.4-10)

2.7 

(1.6-5.9)

2.1 

(1.2-4.4)

2.8 

(1.5-6.1)

2 

(1.2-4.3)

C4/Iso-C4

carnitine

1.1 

(0.82-1.8)

1.4 

(0.85-2.8)

1.1 

(0.8-1.7)

0.94 

(0.64-1.3)

0.98 

(0.65-1.5)

0.95 

(0.63-1.4)

0.97 

(0.65-1.5)

1 

(0.66-1.5)

1.1 

(0.7-1.6)

1 

(0.65-1.5)

1.1 

(0.67-1.6)

COVID cases restricted to 

COVID vs control 

OR(90% CI)



Controlling for

Outcome (Deceased vs Discharged)

OR(90% CI)

Severity (Severe vs Mild & Intermediate) 

OR(90% CI)



Controlling for
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Condition

KYNA

KYN

TRP

C4

Iso-C4

ddhC

KYNA/TRP

KYN/TRP

KYNA/KYN

Age

Sex

BMI

WBC

Lymphs

CRP

Urea, Creat 

FiO2

AUC (SD)

Balanced 

accuracy (SD)

x 0.85 (0.07) 0.80 (0.05)

x x x x x x x x 0.89 (0.05) 0.82 (0.07)

x x x x x x 0.80 (0.07) 0.70 (0.08)

x 0.80 (0.07) 0.71 (0.07)

x x x x x x x x 0.91 (0.05) 0.87 (0.06)

x 0.63 (0.13) 0.49 (0.02)

x x x x x x x x 0.76 (0.09) 0.59 (0.09)

x x x x x x 0.76 (0.09) 0.62 (0.08)

x 0.82 (0.08) 0.63 (0.1)

x x x x x x x x 0.79 (0.08) 0.63 (0.1)

COVID-19 

Severity

COVID-19 

Outcome
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Compound Formula Polarity Start time (min)End time (min) (N)CE (V) Precursor (m/z) Target (m/z) Confirming (m/z)Fragment (m/z)

Butyrylcarnitine C

11

H

21

NO

4

ESI+ 3.50 4.30 30 232.154 85.028 173.081 60.081

Iso-butyrylcarnitine C

11

H

21

NO

4

ESI+ 3.50 4.30 30 232.154 85.028 173.081

Butyrylcarnitine d

3

C

11

H

18

D

3

NO

4

ESI+ 3.50 4.30 30 235.173 85.030 173.130

Cytidine C

9

H

13

N

3

O

5

ESI+ 0.40 1.50 90 244.090 112.050 95.024 69.450

Cytidine 

15

N

3

C

9

H

13

15

N

3

O

5

ESI+ 0.40 1.50 90 247.080 115.042 97.018 71.039

ddhC C

9

H

11

N

3

O

4

ESI+ 0.60 1.50 30 226.082 112.050 190.061 147.055

Kynurenic acid C

10

H

7

NO

3

ESI+ 4.70 5.50 80 190.050 162.055 116.049 89.038

Kynurenic acid d

5

C

10

H

2

D

5

NO

3

ESI+ 4.70 5.50 80 195.081 167.086 121.081 94.070

Kynurenine C

10

H

12

N

2

O

3

ESI+ 1.50 3.50 30 209.092 94.065 192.065 146.060

Kynurenine d

6

C

10

H

6

D

6

N

2

O

3

ESI+ 1.50 3.50 30 215.130 98.090 198.103

Tryptophan C

11

H

12

N

2

O

2

ESI+ 4.10 4.70 30 205.097 188.070 146.060 118.065

Tryptophan d

5

C

11

H

7

D

5

N

2

O

2

ESI+ 4.10 4.70 30 210.129 192.095 150.085 122.090


image1.emf
Condition

Mild Intermediate Severe P-v Discharged Deceased P-v Control Disease P-v

N 28 23 44 72 23 46 95

Male 16 (57%) 11 (48%) 26 (59%)   38 (53%) 15 (65%)   23 (50%) 53 (56%)  

Female 12 (43%) 12 (52%) 18 (41%)   34 (47%) 8 (35%)   23 (50%) 42 (44%)  

Age 53.0 (33.8 - 71.2) 65.7 (62.5 - 77.5) 67.7 (57.8 - 81.2) * 59.6 (45.8 - 74.5) 73.1 (62.5 - 86.0) *** 64.0 (57.0 - 78.8) 62.9 (51.5 - 77.0)  

BMI 22.7 (20.1 - 24.1) 26.4 (23.7 - 28.0) 31.6 (25.5 - 36.9) *** 27.6 (22.6 - 30.9) 28.8 (25.7 - 31.3)   24.4 (20.6 - 27.4) 27.9 (23.3 - 31.4) **

Hypertension 6 (21%) 4 (17%) 23 (52%) *** 21 (29%) 12 (52%) . 17 (37%) 33 (35%)  

Cardiac disease 3 (11%) 4 (17%) 17 (39%) ** 14 (19%) 10 (43%) * 14 (30%) 24 (25%)  

Kidney disease 1 ( 3.6%) 4 (17.4%) 14 (31.8%) ** 10 (14%) 9 (39%) * 8 (17%) 19 (20%)  

Liver disease 4 (14.3%) 2 ( 8.7%) 2 ( 4.5%)   6 (8.3%) 2 (8.7%)   4 (8.7%) 8 (8.4%)  

Malignancy 3 (10.7%) 5 (21.7%) 4 ( 9.1%)   9 (12%) 3 (13%)   12 (26%) 12 (13%) .

4C score  5.19 (2.50 -  8.5)  9.55 (8.25 - 11.8) 12.00 (9.00 - 14.5) ***  8.24 ( 4 - 11) 13.14 (12 - 15) ***

O

2

 support 1 (  3.6%) 23 (100.0%) 44 (100.0%) *** 45 ( 62%) 23 (100%) ***

Mechanical respiratory support 0 ( 0%) 0 ( 0%) 22 (50%) *** 15 (21%) 7 (30%)  

Max FiO

2

20.4 (21 -  21) 30.0 (28 -  32) 78.7 (60 - 100) *** 41.8 (21 -  60) 74.5 (38 - 100) ***

Required O

2

 on presentation 0 ( 0%) 13 (57%) 36 (82%) *** 33 (46%) 16 (70%) *

FiO

2

 (%) on presentation  21.0 (21 - 21) 24.6 (21 - 28) 45.2 (27 - 60) *** 31.1 (21 - 28) 39.2 (21 - 40)  

ITU stay 0 ( 0%) 0 ( 0%) 12 (27%) *** 6 ( 8.3%) 6 (26.1%) .

NEWS 1.50 (0.0 - 3.0) 4.09 (2.5 - 5.5) 6.93 (6.0 - 8.5) *** 4.03 (1.0 - 7.00) 6.55 (4.5 - 8.75) **  

eGFR 79.5 (74.5 - 90.0) 70.7 (60.0 - 90.0) 58.5 (37.5 - 86.2) *** 72.6 (59.8 - 90.0) 52.1 (31.0 - 81.5) **

Fever 15 (54%) 12 (52%) 29 (66%)   41 (57%) 15 (65%)  

Cough 15 (54%) 17 (74%) 27 (61%)   45 (62%) 14 (61%)  

SOB 13 (46%) 16 (70%) 36 (82%) ** 47 (65%) 18 (78%)  

Pulse (BPM) 92.5 (80.5 - 103) 93.4 (82.0 - 108) 98.6 (83.0 - 112)   95 (80.5 - 108) 97 (87.2 - 112)  

Temp. (°C) 37.1 (36.6 - 37.3) 37.3 (36.6 - 37.7) 37.4 (36.8 - 38.0)   37.3 (36.7 - 37.5) 37.3 (36.6 - 37.6)  

BP (mmHg) 131 (110 - 141) 131 (114 - 150) 127 (110 - 143)   132 (112 - 149) 122 (106 - 138)  

Respiratory rate 18.7 (17.8 - 20.0) 20.8 (18.0 - 22.5) 25.8 (21.0 - 30.0) *** 21.8 (18 - 24.0) 24.8 (20 - 29.5) *

Hb (g/L)

Male [133–168]

Female [118–148] 

135 (120 - 151) 136 (126 - 146) 126 (117 - 141) * 135 (123 - 148) 118 ( 99 - 142) *

WBC (× 10

9

/L)

[3.5–11.0] 

7.74 (5.35 -  9.95) 9.20 (5.00 - 10.15) 8.45 (5.68 - 10.25)   8.40 (5.35 -  9.9) 8.49 (5.35 - 10.9)  

Lymphs (× 10

9

/L)

[1.0–3.5] 

1.46 (0.7 - 1.45) 1.85 (0.7 - 1.60) 1.19 (0.5 - 1.63)   1.607 (0.7 - 1.72) 0.874 (0.4 - 0.90) **

PLTS (× 109/L)

[150–400] 

238 (179 - 281) 243 (175 - 292) 249 (176 - 301)   245 (176 - 290) 242 (178 - 301)  

HCT (%) 0.393 (0.351 - 0.444) 0.405 (0.380 - 0.435) 0.375 (0.352 - 0.421) . 0.398 (0.368 - 0.434) 0.355 (0.298 - 0.428) *

ALT (U/L)

Male [≤ 41]

Female [≤ 33] 

32.8 (16 - 35.0) 37.5 (22 - 40.5) 39.1 (18 - 33.8)   35.7 (18 - 37) 40.7 (14 - 31)  

Urea (mmol/L)

[2.5–7.8] 

 5.08 (3.20 -  5.93)  6.93 (5.10 -  6.80) 11.76 (4.57 - 15.47) ***  7.09 (4.18 -  7.7) 13.43 (5.80 - 18.9) **

Creatinine (µmol/L)

Male [59–104]

Female [45–84] 

 74.5 (55.5 -  89.2) 102.7 (64.0 -  94.0) 134.5 (69.2 - 139.5) *  91.1 (62.8 -  96) 165.6 (71.5 - 180) *

CRP (mg/L)

[< 4]

 40.5 ( 3.0 -  72)  82.7 (33.0 - 104) 132.4 (67.5 - 171) ***  80.1 (18.0 - 111) 133.9 (67.5 - 171) *

Severity Outcome Disease
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Control Mild Intermediate Severe Discharged Deceased

KYNA

0.042 

(0.034-0.063)

0.045 

(0.032-0.054)

0.051 

(0.035-0.077)

0.085 

(0.057-0.14)

0.052 

(0.04-0.076)

0.11 

(0.066-0.22)

KYN

2.2 

(1.6-2.8)

1.9 

(1.3-2.6)

2.9 

(2-4.1)

3.6 

(2.4-4.7)

2.4 

(1.9-3.6)

4.3 

(2.5-5)

TRP

58 

(40-63)

50 

(35-60)

49 

(36-58)

45 

(35-53)

48 

(37-58)

43 

(27-51)

C4-carnitine

0.13 

(0.097-0.21)

0.13 

(0.095-0.17)

0.15 

(0.12-0.22)

0.24 

(0.16-0.42)

0.15 

(0.11-0.24)

0.25 

(0.17-0.46)

iso-C4-carnitine

0.076 

(0.055-0.13)

0.074 

(0.048-0.11)

0.1 

(0.056-0.17)

0.19 

(0.08-0.39)

0.096 

(0.056-0.19)

0.19 

(0.079-0.52)

ddhC

0.065 

(0.045-0.091)

0.38 

(0.076-0.76)

0.8 

(0.21-0.97)

0.46 

(0.13-0.79)

0.39 

(0.097-0.86)

0.5 

(0.18-0.95)

Meadian (Q1 - Q3) µM

Compound


