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Letter to the Editor

CXCL16 associates with adverse outcome and cardiac
involvement in hospitalized patients with Covid-19

Dear editor

We read with great interest the paper by Kim et al. suggest-
ing KL-6 and IL-6 as predictive markers in severely ill Covid-19
patients.! The gene for CXCR6, the receptor for the chemokine
CXCL16, has been showed to be negatively correlated with disease
severity in Covid-19 disease.? Several studies has demonstrated
that soluble CXCL16 gives prognostic information in cardiovascular
and inflammatory disorders®-® and CXCL16 expression is reported
to be increased in lung macrophages in moderate compared to se-
vere Covid-19.” But most studies have focused on the expression of
its receptor CXCR6, and the prognostic value of CXCL16 in Covid-19
is not known.

In the present study we examined the prognostic value of cir-
culating CXCL16 levels (examined by enzyme immunoassay) in two
separate cohorts of hospitalized Covid-19 patients in Norway com-
promising the first three waves of the Covid-19 pandemic (March
2020-September 2021). For more details on materials and methods,
see Supplemental file.

In our combined cohort, 110 of 414 patients (27%) were admit-
ted to intensive care unit (ICU), and 125 (31%) patients developed
respiratory failure (RF; i.e., P/F-ratio < 26.6 kPa) the first 10 days
after admission (Table 1). CXCL16 levels were significantly higher
in ICU patients as compared to patients not admitted to ICU, as
evaluated by a linear mixed model adjusting for age, sex, specific
Covid-19 treatment (randomized controlled trial [RCT] in cohort 1,
dexamethasone use in cohort 2), eGFR and CRP (Fig. 1A). CXCL16
levels increased in both groups during hospitalization, but the in-
crease was more pronounced in the ICU group. The same pattern
was seen for patients with RF (Fig. S1). In the combined cohort, 37
of 414 patients died within 60 days of hospital admission (Table 1).
Kaplan-Meier analysis of admission levels showed that patients in
the upper tertile of CXCL16 were at increased risk of death within
60 days (Fig. 1B). Evaluated as a continuous variable, a one SD
increase in CXCL16 was associated with a 2.11 (95% CI 1.60-2.78,
p < 0.001) times higher risk of death. The increased risk of death
was present in patients treated with dexamethasone (HR 1.83,
p = 0.001), but especially in those not treated with dexamethasone
(HR 2.51, p < 0.001). The association of CXCL16 with 60-day total
mortality was still significant (HR 1.50 [1.08-2.10] p = 0.017) af-
ter adjustments for other predictors of unfavorable outcomes such
as age, seX, randomized treatment (cohort 1), dexamethasone use
(cohort 2), eGFR and CRP (Fig. S2). Evaluation of the temporal pro-
file during the first 10 days after inclusion revealed that patients
who died had consistently higher levels of CXCL16 than survivors,
with the largest differences at the end of the observation period
(Fig. 1C).

https://doi.org/10.1016/j.jinf.2022.09.029

Due to its known role in cardiovascular pathologies, we ex-
plored the association between CXCL16 and markers of cardiac
function. Mixed models regression with NT-proBNP as dependent
and CXCL16 and time as covariates, revealed a positive correla-
tion (Estimate 0.05, t = 4.9, p < 0.001). We found a similar cor-
relation with TnT as dependent variable (Estimate 0.03, t = 5.6,
p < 0.001). Both markers showed a consistent correlation across
all time-points (Fig. 1D, E). Partial correlation analysis, control-
ling for the P/F ratio, revealed little influence of respiratory func-
tion on the association between CXCL16 and NT-proBNP (admis-
sion r = 0.36, p < 0.001; 3-5 days r = 0.18, p = 0.013; 7-10 days
r = 0.26, p = 0.003) or TnT (admission r = 0.27, p < 0.001; 3-5
days r = 0.21, p = 0.002; 7-10 days r = 0.26, p = 0.003).

To obtain further insight into the regulation of CXCL16 and its
receptor CXCR6 in relation to cardiac involvement during Covid-
19 disease, we evaluated the expression of CXCL16/CXCR6 in car-
diac related cells exposed to SARS-CoV-2 infection in vitro and
in cardiac tissue samples from Covid-19 patients in RNA sequenc-
ing datasets deposited in public repositories (Supplemental Table
S1). Despite some discrepancies, it seems that CXCL16 may be ex-
pressed within the myocardium of Covid-19 patients. In particular,
when extracting CXCL16/CXCR6 RNA expression from a Covid-19
tissue atlas,® using a single cell approach in autopsy cardiac tis-
sue samples from 15 Covid patients and 28 healthy controls, we
found increased expression of CXCL16, but not of CXCR6, in car-
diac fibroblasts and to some degree also in cardiac macrophages,
as compared with controls (Fig. S3).

Recently, Smieszek et al. reported elevated CXCL16 levels in
hospitalized Covid-19 patients as compared to healthy controls,
with the highest levels in those with the most severe disease, ac-
cording to the current WHO classification.? In the present study
we extend these findings by including a larger number of patients
(414 versus 141 patients), from two separate cohorts, recruited dur-
ing the first three waves of Covid-19 that also included dexametha-
sone treatment that was used as SoC since autumn 2020. Our find-
ings suggest that CXCL16 could be a novel and robust marker of
Covid-19 severity including total mortality, and potentially also car-
diac involvement during hospitalization. Interestingly, whereas pa-
tients with and without dexamethasone treatment showed similar
CXCL16 levels at inclusion, patients that received dexamethasone
showed increased CXCL16 levels during follow-up, possibly reflect-
ing more severe disease in dexamethasone user, and/or indicating
the need for additional treatment modalities in these patients.

The present study has some limitations such as lack of data
on CXCL16 expression in immune cells and pulmonary tissue. We
also lack cardiac imaging data from the hospitalized Covid-19 pa-
tients and the data on association with cardiac involvement should
be interpreted cautiously. Moreover, correlations do not necessar-
ily mean any causal relationship. Although our study included data

0163-4453/© 2022 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Table 1
Demographic, clinical, and biochemical characteristics in 414 patients hospitalized for Covid-19, stratified by two large multi-center cohorts in Norway.
Cohort 1 Cohort 2 Combined
Parameter n =162 n =252 n =414
Age, years 59.7 £ 154 57.0 +£ 153 58.0 + 154
Male gender, n (%) 103 (64) 159 (63) 262 (63)
Body Mass Index, kg/m? 28.2 + 4.6 28.8 £ 5.2 285 + 49
Treatment group
Standard of Care (SoC), n (%) 81 (50) 254 (100) 333 (80)
SoC + Hydroxychloroquine, n (%) 43 (27) 0(0) 43 (10)
SoC + Remdesivir, n (%) 38 (24) 0(0) 38 (9)
Dexametasone 2 (1) 134 (53)* 136 (33)
Oxygen therapy 91 (56) 194 (77)* 285 (69)
Comorbidities
Chronic cardiac disease, n (%) 24 (15) 47 (19) 71 (17)
Hypertension, n (%) 51 (32) 84 (35) 135 (34)
Chronic pulmonary disease, n (%) 31 (20) 67 (27) 98 (24)
Obesity, n (%) 43 (29) 70 (28) 113 (28)
Diabetes, n (%) 27 (17) 58 (25) 85 (22)
Current smoker, n (%) 5(4) 16 (7) 21 (6)
Outcomes
ICU admission, n (%) 31 (19) 79 (31)* 110 (27)
Respiratory failure, n (%) 50 (31) 75 (30) 125 (31)
60-day death, n (%) 8 (5) 29 (12) 37 (9)
P/F-ratio at admission, kPa 42.4 (32.4,49.6) 40.0 (28.1,48.3) 41.3 (30.0,49.3)
Hemoglobin, g/dL 132+ 15 129 + 1.8 13.0 £ 1.7
C-reactive protein, mg/L 70 (35,136) 53 (24,117) 62 (29,125)
Ferritin, pg/L 612 (358,1111) 617 (297,1146) 615 (322,1127)
White blood cell count, x 10°/L 6.5 + 2.8 6.9 + 3.2 6.7 £ 3.1
Neutrophils, x 109/L 4.8 + 2.7 53 + 3.1 5.1+ 3.0
Lymphocytes, x 109/L 1.2 + 0,53 1.1+£05 1.1+05
eGFR 87 £ 25 90 + 29 89 + 27
Continuous data are given as mean +SD or median (25th, 75th) percentile.
Abbrevations: SoC; standard of care, ICU; intensive care unit, P/F-ratio; PaO2/FiO2-ratio; eGFR; estimated glomerular filtration rate.
*P < 0.05 between cohorts 1 and 2.
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Fig. 1. Intra-hospital temporal profile of CXCL16 according to (A) ICU admission during the first 10 days after inclusion in the combined cohort and within cohorts. (B)
CXCL16 and 60-day mortality in severe Covid-19. (C) Temporal profile of CXCL16 during the first 10 days after inclusion according to 60-day mortality. (D) Correlation plot
between CXCL16 and NT-proBNP and (E) TnT during the first 10 days after inclusion. Blue circles are at admission, green circles at 3-5 days and red circles at 7-10 days.
The correlation coefficients are Pearson. The p-values reflect the group (outcome) effect from the linear mixed models and the interaction p-value (group*time) is shown in
italic if significant. gray areas reflect reference value range from age- and sex-matched healthy controls. *p < 0.05, **p < 0.01, ***p < 0.001 between groups. BL; baseline,
RF; acute respiratory failure, ICU; intensive care unit; NT-proBNP; N-terminal-pro-B-type natriuretic peptide, Tnt; Troponin.
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from the three first waves of SARS-CoV-2, we lack data from Covid-
19 disease driven by the omicron variant.

In sum, we show that a significant elevated CXCL16 at admis-
sion and during hospitalization were associated with adverse out-
come such as RF, the need for treatment at ICU and 60-day to-
tal mortality also after adjusting for several variables including
CRP. High levels of CXCL16 were also associated with cardiac in-
volvement during hospitalization as assessed by high levels of TnT
and NT-proBNP. Our findings suggest that CXCL16 could be a novel
and reliable marker for adverse outcome in hospitalized Covid-19
patients, potentially also involved in the pathogenesis of severe
Covid-19 disease including myocardial injury.
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