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All (n=30) Low (n=15) High (n=15) P value

The quantitative data are shown as median data and IQR data in brackets.
The occurrence data are shown as no. (%). Values indicate no. of positive results/total no. of patients with available 
assay results.
Between-group comparisons of continuous variable in patients with low and high richness were tested by Kruskal-
Wallis test. For categorical variable, χ² test test was used for comparison between groups.
Statistically significance with a p value ≤0.05 was marked as bold.
*The results of laboratory test in the acute phase were compared, usually the first day after hospital admission.
†Pulmonary function tests were expressed as per cent of the predicted value.
‡ A p value ≤0.05 was denoted as statistically significant. 

MEF 25%, mean expiratory flow at 25%; MEF 50%, mean expiratory flow at 50%; MEF 75%, mean expiratory 
flow at 75%; BMI, body mass index; CRP, C reactive protein; DLCO, diffusing capacity of the lung for carbon 
monoxide; DLCO/VA, diffusing capacity divided by the alveolar volume; FEF25%–75%, forced expiratory flow at 
25%–75%; FEV1, forced expiratory volume in the first 1 s of expiration; FVC, forced vital capacity; HFNC, high flow 
nasal catheter oxygen therapy; ICU, intensive care unit; IVC, inspiratory vital capacity; MVV, maximal voluntary 
ventilation; PEF, peak expiratory flow; PFTs, pulmonary function tests; RV, residual volume; RV/TLC, residual volume 
divided by the total lung capacity; TLC, total lung capacity; 6WMT, 6 min walk tests.

Table 1  Continued

Table 1  Baseline characteristics and liver blood tests on admission for 310 COVID-19 patients

Baseline characteristics* Patients with COVID-19 (N=310)

Age, median (years) 69 (range 21–95)

Male gender, % (n) 61 (188/310)

Ethnicity, % (n)

 � Caucasian 96.5 (299/310)

 � Black 1.6 (5/310)

 � Romany 1.9 (6/310)

BMI (kg/m2) 26 (15–55)

CRP (mg/L) 155 (1.6–510)

MULBSTA score, median 9 (range 2–19)

Death, % (n) 26.8 (83/310)

Liver blood tests on admission, % (n)

 � Bilirubin >20 μmol/L (range 0–21 μmol/L) 5 (18/310)

 � ALT >40 IU/L (range 0–41 IU/L) 20 (62/310)

 � AST >40 IU/L (range 0–40 IU/L) 28 (87/310)

 � Alkaline phosphatase >130 IU/L (range 40–130 IU/L) 17 (54/310)

 � GGT >40 IU/L (range 0–59 IU/L) 48 (150/310)

 � Albumin <35 g/L (range 35–52 g/L) 23 (71/310)

*Mean (±SD) unless stated.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CRP, C reactive protein; GGT, 
gamma-glutamyl transferase.

Liver injury, hypoalbuminaemia 
and severe SARS-
CoV-2 infection

We have read with interest the recent 
study published in Gut by Weber et 
al1 outlining liver abnormalities in 
217 patients admitted with COVID-19 
infection in Germany. Along with respi-
ratory failure, deranged liver blood 
tests have been demonstrated in many 
cohort studies of patients admitted 
with SARS-CoV-2 infection, the clinical 
relevance of which has been unclear to 
date.2 3

The authors of this study demon-
strated that deranged liver blood tests 

on admission were associated with 
more severe morbidity and mortality. 
Notably, hypoalbuminaemia on admis-
sion in this cohort was associated with a 
severe COVID-19 disease course.

A review of 310 patients admitted 
with COVID-19 to our institution in 
Dublin revealed abnormal liver blood 
tests were present in almost 50% of 
patients, in particular raised gamma-
glutamyl transferase (gGT) levels 
(table  1), similar to that noted by 
Weber and colleagues.1 In our patient 
cohort, hypoalbuminaemia on admis-
sion to hospital was also an indepen-
dent predictor of mortality, validating 
the findings of their prospective study. 
Multivariate analysis of our cohort 

showed a significant association 
between COVID-19-related mortality 
and serum albumin on admission (OR 
0.90, 0.85–0.96; p=0.002); in a model 
incorporating older age, male sex, high 
MULBSTA score (a predictive score 
of viral pneumonia mortality4) and 
body mass index, hypoalbuminaemia 
predicted death, with area under the 
curve receiver operating character-
istic at 0.8 (figure 1). A notable eleva-
tion in liver blood tests, especially 
gGT, was evident in this cohort, and 
no association between this elevation 
in liver blood tests and mortality was 
identified. The findings outlined here 
are taken from a local study enti-
tled ‘COVID-19 and liver blood test 
derangement’.

The exact relationship between 
SARS-CoV-2 infection, liver injury 
and hypoalbuminaemia has not yet 
been determined and warrants further 
investigation.5 Naturally, albumin is 
a negative acute phase reactant, and 
decreased albumin levels may simply 
reflect severe systemic inflamma-
tion6 7; in our cohort albumin levels 
correlated significantly with other 
inflammatory markers such as C reac-
tive protein (CRP) and white cell count 
(Spearman’s r=−0.36 and r=−0.31 
for albumin vs CRP and albumin vs 
white cell count, respectively; both 
p<0.0001).

The findings of both Weber et al1 and 
our study highlight the potential clin-
ical utility of albumin levels to identify 
admitted patients with COVID-19 at a 
higher risk of mortality. Further studies 
to elucidate the underlying pathophysi-
ological mechanisms are warranted.
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Figure 1  Hypoalbuminemia ROC when incorporated into model.
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Residual SARS-CoV-2 viral 
antigens detected in GI and 
hepatic tissues from five 
recovered patients 
with COVID-19

We read with great interest the article 
published by Zuo et al, which highlighted 
the presence of SARS-CoV-2 RNA in stool 
samples during active and convalescence 
phases of COVID-19 infection.1 However, 
no study has reported the presence of viral 
antigens within GI and hepatic organs 
during the convalescent phase.

Using conventional immunohistochem-
istry, we detected SARS-CoV-2 nucleo-
capsid protein (NP) in the colon, appendix, 
ileum, haemorrhoid, liver, gallbladder 
and lymph nodes (figure 1A–K) from five 
patients who recovered from COVID-19, 
ranging from 9 to 180 days after testing 
negative for SARS-CoV-2 (online supple-
mental table 1). Notably, when multiple 
tissues were obtained from one patient 
(patients 1 and 4), all the tissues showed 
the presence of the viral antigen, suggesting 
widespread multiorgan involvement of 
the viral infection. Interestingly, for the 

colon, the viral antigen was only present 
in normal colonic crypts and polyps but 
not in the neoplastic tissues (figure  1Q). 
Similar negative staining in the hepatocel-
lular carcinoma tumour region was also 
observed (figure  1R) albeit the positive 
staining in some of the scattered immune 
cells (figure 1D). Validating our findings, 
we detected SARS-CoV-2 spike protein 
(figure  1L–P) and RNA (figure  2B–F) 
in the above-mentioned tissues using 
conventional immunohistochemistry and 
RNAscope, respectively. However, we 
were unable to detect viral RNA in some 
patients’ tissues (online supplemental table 
1), possibly because of higher RNA degra-
dation rate as compared with protein and 
other patient-dependent factors such as 
disease severity, time since recovery and 
basal metabolic rate.

In addition, multiplex immunohisto-
chemistry and RNAscope staining showed 
that some SARS-CoV-2-positive cells colo-
calised with ACE2 receptor and CD68 in 
the colon and liver (figure  2A,B). These 
cells were likely of monocyte lineage and 
liver-resident sinusoidal Kupffer cells, 
which therefore confirmed our earlier 
speculation that was based on cellular 
morphology. This suggests that SARS-
CoV-2 might indeed infect these immune 
cells directly, as previously reported.2 3 
Finally, on detection and validation of viral 
antigens in the tissues, we interrogated 
whether the tissues harboured an immune 
response to the virus. We performed ex 
vivo peptide stimulation assays whereby 
blood and tissues were incubated with a 
cocktail of the viral nucleocapsid, spike 
and membrane proteins, followed by flow 
cytometry analysis. Notably, SARS-CoV-
2-specific CD38+Granzyme B+CD4+ T 
cells were isolated from the tissues in a 
comparable fashion with matched blood 
samples (figure  2G), suggesting that 
SARS-CoV-2-specific memory T cells 
may be maintained in both blood and 
tissue over a period of time. Nevertheless, 
further study is warranted to compare the 
tissue immune microenvironment before 
and after the infection and to confirm 
whether the immune cells in the prox-
imity of viral antigen are indeed specific 
to SARS-CoV-2.

Several groups have reported the 
phenomenon where patients who had 
recovered from mild or moderate 
COVID-19 later tested positive in naso-
pharyngeal swabs or sputum samples,4 5 
raising concern for residual virus reservoirs 
and potential transmissibility in recovered 
individuals. Although respiratory trans-
mission is responsible for most COVID-19 
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