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Letter to the Editor 

Patterns and prediction of liver injury with persistent 

cholestasis in survivors of severe SARS-CoV-2 infection 
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ear editor, 

We read with interest the paper by Moreno-Pérez et al. 1 which 

utlines post-acute COVID-19 syndrome in 279 survivors at 77 days 

ost disease onset. Symptoms were detected in half of patients and 

o baseline clinical features were predictive of development. Ab- 

ormal liver blood tests are common in the acute phase of COVID- 

9 and are associated with adverse outcomes, 2 however we note 

hat these were not evaluated as a risk factor in this study. Fur- 

hermore, the persistence of liver abnormalities beyond the acute 

hase was not explored. Given other aetiologies of liver dysfunc- 

ion can move from acute to chronic phases it is important to de- 

ineate if this is the case with SARS-CoV-2 infection. Reported data 

n liver dysfunction is limited to 30 days post infection and is con- 

icting. A small subgroup suggested abnormalities return to base- 

ine, 3 whilst a larger population reported persistent abnormalities 

n a proportion, 4 although precise details on numbers and severity 

ere not described. 

To further characterise persistent liver blood test abnormalities 

nd patterns which may not rapidly improve, we included con- 

ecutive patients tested for SARS-CoV-2 infection using reverse- 

ranscriptase polymerase chain reaction assays of respiratory tract 

amples between 25th February to 31st March 2020 at King’s Col- 

ege Hospital London. Patients not admitted to hospital and those 

ith known chronic liver disease were excluded. We collected 

ata on demographics, clinical variables and clinical outcomes. In- 

luded patients were followed up until death or 20th January 2021. 

he definition of abnormal liver blood test was aspartate amino- 

ransferase (AST) or alanine aminotransferase (ALT) above the up- 

er limit of normal (ULN) for our laboratory (AST 50 IU/L, ALT 

5 IU/L). ULN for alkaline phosphatase (ALP) was 130 IU/L, and 

amma-glutamyl transferase (GGT) 55 U/L. The end point of nor- 

alisation of liver blood tests was defined as all measured liver 

lood tests within the normal range. This was conducted under 

ondon South East Research Ethics Committee (18/LO/2048) ap- 

roval granted to the King’s Electronic Records Research Interface 

KERRI). 

We included 564 patients with SARS-CoV-2 infection. The base- 

ine characteristics of the study population and univariate analy- 

is of the 312 (56.4%) patients with abnormal AST/ALT are out- 

ined in Table 1 . Of 397 patients who survived to 60 days, a sub-

roup of 216 had abnormal liver blood tests. Repeat blood tests 

t day 60 were performed in 43 of these patients, and a persis- 

ent abnormality in liver blood tests was detected in 24/43 patients 

55.8%), predominantly in a cholestatic pattern: 3/38 (7.9%) AST ab- 

ormal; 12/43 (27.9%) ALP abnormal; and 23/43 (53.5%) GGT ab- 

ormal. The dynamic patterns of liver enzymes through to day 60 
ttps://doi.org/10.1016/j.jinf.2021.03.029 
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re represented in Fig. 1 . On univariate analysis only peak GGT and 

eak ALP were significantly associated with persistently abnormal 

iver blood tests at day 60. On backwards elimination multivariate 

nalysis only peak GGT was independently associated with persis- 

ently abnormal liver blood tests (OR 1.0048; 95% CI, 1.0 01–1.0 08, 

 = 001). On ROC curve analysis peak GGT had an AUROC of 0.794 

95% CI, 0.676–0.912, P < .001). A criterion of > 254 U/L had: sen- 

itivity 73% (95% CI, 56–85), specificity 80% (95% CI, 59–93), posi- 

ive likelihood ratio 3.6 (1.6–8.1) and negative likelihood ratio 0.3 

0.2–0.6). A smaller subgroup of 14 patients with abnormal liver 

lood tests at day 60 had follow-up liver blood tests at more than 

 months following admission (median 277 days [IQR, 221.8–303]). 

n 9/14 (64.3%) a persistent cholestatic pattern of abnormality was 

dentified: 1/14 (7.1%) AST/ALT abnormal; 5/14 (35.7%) ALP abnor- 

al; and 9/14 (64.3%) GGT abnormal. 

Liver blood test abnormalities were previously described as self- 

imiting, 3 however we provide early data on the potential persis- 

ence of abnormalities and predictive factors for persistence in a 

mall subgroup of patients at 60 days. The predominant pattern 

f abnormality is cholestatic with ALP/GGT elevation at follow-up, 

nd a predictor of this is an elevated GGT above 254 U/L during the 

cute phase of SARS-CoV-2 infection. Our data also suggests that in 

 subgroup of patients with abnormal liver blood tests at 60 days, 

ngoing ALP/GGT elevations may be still present at 6 months. 

A variety of causes of liver injury may exist in SARS-CoV-2 in- 

ection, 5 including cytotoxic effect from the virus, 6 bystander liver 

njury from systemic infection, 7 and secondary sclerosing cholan- 

itis of the critically ill patient. 8 Of relevance is that SARS-CoV- 

 utilises the angiotensin converting enzyme 2 (ACE2) receptor 

or host cell entry, 9 and ACE2 receptors are widely expressed in 

iver cholangiocytes. Data from human liver ductal organoids in- 

ected with SARS-CoV-2, suggests impairment of tight junctions 

nd bile acid transportation may result in direct cholangiocyte 

amage and consequent bile acid accumulation. 10 Although GGT is 

 non-specific marker of liver injury, our study supports the con- 

ept that liver damage in COVID-19 patients might result from di- 

ect cholangiocyte injury and consequent bile acid accumulation 

nduced by viral infection. 

There are limitations to our study. Patients were not system- 

cally investigated for aetiology of liver abnormalities during the 

cute phase or the presence of underlying chronic liver disease, so 

bnormalities may be related to undiagnosed chronic liver disease 

nd not SARS-CoV-2 liver involvement. Although a significant pro- 

ortion of our study population had components of the metabolic 

yndrome and may have unappreciated non-alcoholic fatty liver 

isease, these factors were not associated with persistent abnor- 

alities in our cohort. The follow-up liver blood tests were clin- 

cally driven by specific care-givers rather than protocolised and 

here is a risk of selection bias for those who underwent repeat 

esting. 
eserved. 
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Table 1 

Clinical characteristics of SARS-CoV-2 patients with normal and abnormal AST/ALT. 

Normal Abnormal Total P value 

Number (%) 241 (43.6%) 312 (56.4%) 553 

Age, median (IQR), years 73.2 (57.2–84.5) 63.75 (52.6–79.3) 67.7 (53.5–81.7) < 0.001 

Sex, male 116 (48.1%) 190 (60.9%) 306 (55.3%) .003 

Ethnic minority 77/217 (35.5%) 171/282 (60.6%) 248 (49.7%) < 0.001 

Hypertension 120 (49.8%) 160 (51.3%) 280 (50.6%) .73 

Diabetes 76 (31.5%) 104 (33.3%) 180 (32.5%) .66 

BMI 25.2 (21.9–30.5) 27.1 (23.6–32.0) 26.3 (22.9–31.5) .005 

Chronic heart disease 24 (10%) 30 (9.6%) 54 (9.8%) .89 

Chronic respiratory disease 34 (14.1%) 36 (11.5%) 70 (12.7%) .37 

Chronic kidney disease 33 (13.7%) 42 (13.5%) 75 (13.6%) .94 

AST, median (IQR), IU/L 34 (26–43) 99 (69–176) 71 (44–127) < 0.001 

ALT, median (IQR), IU/L 27 (19–40) 84 (47–147) 42 (25–84) < 0.001 

ALP, median (IQR), IU/L 84 (66–117) 113 (76–199) 94 (70–161) < 0.001 

GGT, median (IQR), U/L 44 (26–80) 115 (57–286) 72 (36–183) < 0.001 

Bilirubin, median (IQR), umol/L 8 (6–11) 11 (8–18) 10 (7–15) < 0.001 

WBC, median (IQR), x109/L 6.7 (5.3–9.0) 7.0 (5.2–9.8) 6.9 (5.2–9.4) .32 

Neutrophils, median (IQR), x109/L 5.0 (3.7–7.1) 5.5 (3.7–8.0) 5.3 (3.7–7.5) .11 

Lymphocytes, median (IQR), x109/L 1.0 (0.7–1.4) 1.0 (0.7–1.4) 1.0 (0.7–1.4) .65 

Haemoglobin, median (IQR), g/L 124 (111–141) 133 (118–144) 130 (114–142) .002 

Platelets, median (IQR), x109/L 218 (170–281) 201 (153–264) 208 (164–269) .02 

C-reactive protein, median (IQR), mg/L 116 (43–209) 195 (100–321) 156 (71–275) < 0.001 

Creatinine, median (IQR), umol/L 87 (66–117) 95 (71–128) 91 (69–120) .02 

ICU admission 7 (2.9%) 80 (25.6%) 87 (15.7%) < 0.001 

Death 65 (27.0%) 96 (30.8%) 161 (29.1%) .33 

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); AST, 

aspartate aminotransferase; ULN, upper limit of normal; ALT, alanine aminotransferase; ALP, alkaline phosphatase; 

GGT, gamma-glutamyl transferase; WBC, white blood count; ICU, intensive care unit. 

Fig. 1. Locally weight scatterplot smoothing (LOESS) for median values of (A) AST, (B) ALP and (C) GGT; in patients with abnormal AST/ALT and day 60 liver blood tests, 

with normalised (black dashed line) and not-normalised (grey solid line) groups. 

Abbreviations: AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transferase; ALT, alanine aminotransferase. 
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In conclusion, we demonstrate an important novel finding that 

 proportion of patients with SARS-CoV-2 infection do not nor- 

alise their liver blood tests during follow-up, particularly those 

ith elevated GGT above 254 U/L. Whilst these findings need to 

e validated in an independent cohort, we recommend that a plan 

or longitudinal assessment of liver blood tests should be made at 

ischarge, with a focus on those with elevated GGT in addition 

o AST/ALT. In patients with a persistent abnormality, radiologi- 
12 
al imaging and liver histology may help elucidate the underlying 

athophysiology and the development of a chronic biliary injury. 
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