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The aim of this study is to evaluate the effect of SARS-CoV-2 infection on serum tacrolimus
levels. Tacrolimus levels of 34 transplant patients diagnosed with SARS-CoV-2 in 2020
were compared with their pre-infection values and those of a control group with alternative
infections. 20 out of 34 (59%) had high levels. At diagnosis, median tacrolimus level in the
SARS-CoV-2 cohort was 9.6 μg/L (2.7–23) compared to 7.9 μg/L in the control group (p =
0.07, 95%CI for difference −0.3–5.8). The ratio of post-infection to pre-infection tacrolimus
values was higher in the SARS-CoV-2 group (1.7) compared to the control group (1.25, p =
0.018, 95% CI for difference 0.08–0.89). The acute kidney injury rate was 65% (13 of 20) in
SARS-CoV-2 patients with a level >8 μg/dl, compared to 29% (4 of 14) in those with lower
levels (p = 0.037). Median length of stay was 10 days among SARS-CoV-2 infected
patients with high tacrolimus levels compared to 0 days in the rest (p = 0.04). Four patients
with high levels died compared to 2 in the control group. Clinicians should be aware of this
potential effect on tacrolimus levels and take appropriate measures.
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INTRODUCTION

Severe acute respiratory distress syndrome coronavirus 2 (SARS-CoV-2) has emerged as worldwide
pandemic (1). Risk factors for mortality include advanced age, chronic kidney disease, diabetes
mellitus, obesity, cardiovascular disease, history of malignancy and chronic immunosuppression
(1–5). As a result, transplant patients are more vulnerable with a higher mortality rate which differed
amongst reports, prior to vaccination, between 11% and 50% (6–8).

British and American guidelines recommend immunosuppression modification during the
treatment of SARS-CoV-2 infection in transplant patients (9, 10), mainly consisting of
withdrawal of one or more immunosuppression drugs. Most commonly, antimetabolites such as
mycophenolate derivatives are discontinued while other immunosuppressants such as calcineurin
inhibitors are administered at a lower dose or occasionally stopped (6, 7). Some though, suggest that
calcineurin inhibitors may also inhibit the replication of coronaviruses such as SARS-CoV-2 (11–13)
although this is not the prevalent view currently.
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Nevertheless, until now, there has been no data published on
the effect that SARS-CoV-2 infection has on serum levels of
immunosuppression medication.

During the “first wave” of the pandemic we observed a number
of renal transplant patients with unusually high serum tacrolimus
levels, therefore we set out to investigate if the presence of SARS-
CoV-2 infection was associated with increased calcineurin
inhibitor levels in the cohort of transplant patients affected by
SARS-CoV-2 inWales, and whether this had contributed to acute
kidney injury (AKI) and patient outcome. We were also
interested to see if this increase was more pronounced from
the one seen in other acute inflammatory conditions or infections
(14, 15).

MATERIALS AND METHODS

This is a cohort study performed by maintaining a prospective
database of transplant patients cared for by the Cardiff
Transplant Unit who were diagnosed with SARS-CoV-2
infection between 1st March 2020–31st December 2020 since,
during this period, outcomes were not affected by vaccination.
Transplant patients who presented to the emergency department
in any of the South and Mid Wales hospitals or to the transplant
telephone service with a presumed diagnosis of SARS-CoV-2 and
had a positive result on real-time polymerase chain reaction
(PCR) assay were included. One single transplant clinician
collated the data prospectively and dedicated members of the
team communicated with the treating team if patients were
admitted to any of the surrounding hospitals or called them at
home if not. Patients developing “classical” SARS-CoV-2

symptoms were initially directed to self-isolate, however, if
unwell or upon deterioration to present to their local hospital.
Data and outcomes of those more severely affected transplant
recipients along with waiting list patients during the first wave of
the disease from our region has been published (16).

Cases were recorded alongside demographics, symptoms at
diagnosis, serum tacrolimus level at diagnosis and the previous
visits, hospital admission, intensive care admission and 30-day
outcomes including mortality. No patients were lost to follow-up.

Patients were on different immunosuppression regimes. The
target range for tacrolimus levels in this unit is generally between
5 and 8 μg/L. Once patients were diagnosed with SARS-CoV-2
infection, their immunosuppression medication was reviewed.
Patients who were on tacrolimus were identified, and those who
had their trough serum level measured at the time or close
(±2 days) to the diagnosis were included in the final analysis.
Patients who did not have their level measured at the appropriate
time or who were not taking tacrolimus were excluded from this
analysis. The presence (or not) of diarrhoea was also recorded as a
potential symptom of SARS-CoV-2 infection due to its effect on
tacrolimus absorption from the gut.

Once the cohort of patients was identified, their serum
tacrolimus levels were examined and the mean of the three
most recent levels for each patient immediately prior to
infection was calculated and represented their pre-infection
level. Following admission, mycophenolate derivatives were
withheld as a standard practice.

A “control” group of patients was identified by collecting the
data of all sequential admissions with sepsis to our unit over a
period of 1 year. Diarrheal illnesses were excluded as this is well
known to affect serum tacrolimus concentrations (17).
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The same data was collected for these patients for comparison
with patients presenting with SARS-CoV-2 infection.

Median values were compared with Mann Whitney test. In
addition the ratio of tacrolimus level post- and pre-SARS-CoV-2
infection was generated for each patient and was compared with the

respective ratio of patients who had other types of infection by
performing a t-test without presumption of equal variances. Analysis
was performed using IBM-SPSS version 25.0 software.

This article was prepared following the STROBE statement-
checklist.

FIGURE 1 | Post to Pre-Infection Tacrolimus Level Ratio. Post to Pre infection Tacrolimus level ratios were higher in patients with SARS- CoV-2 infection (1.7 μg/L)
at the time of diagnosis compared to transplant patients admitted with other infections (1.25 μg/L) (p = 0.018, mean ratio difference 0.49, 95% CI 0.08–0.89).

TABLE 1 | Characteristics of transplant recipients with available serum Tacrolimus levels at the time of diagnosis with SARS-CoV-2 compared to a control group of other
infected patients who required hospital admission.

Group SARS-CoV-2 (n = 34) Control (n = 26)

Age (years) Median (range) 54.5 (25–80) 55 (25–83)
Sex Male 23 (67%) 14 (53.8%)

Female 11 12
Ethnicity White European 33 (97%) 24 (92.3%)

East Asian 1 1
South Asian 0 1

BMI (kg/m2) Median (range) 28.7 (22–41.5) 25.3 (18–39)
Type of transplant organ/donor Kidney (living donor) 11 (32%) 10 (38.5%)

Kidney (DBD) 14 (41%) 10 (38.5%)
Kidney (DCD) 8 (23.5%) 5 (19%)
Simultaneous pancreas and kidney 1 (3%) 1 (3.8%)

Transplant to infection diagnosis (months) Median (range) 82.5 (1–317) 112 (22–328)
Hospital admission status and outcome Outpatient 12 (35.3%) —

Inpatient 22 (64.7%) 26
Intensive care unit 4 (11.8%) 0
Graft dysfunction 17 (50%) 15 (57.7%)
Graft failure 2 (5.9%) 0
Death 4 (11.8%) 0

TABLE 2 | The serum tacrolimus levels where higher among SARS-CoV-2 infected patients compared to controls admitted due to other infections.

SARS-CoV-2 (n = 34) Control (n = 26)

Serum tacrolimus level (µg/L) Range 2.7–23 2–27.8 p = 0.07
Median 9.6 7.9 95% CI (−0.3–5.8)
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RESULTS

During this period, 59 transplant patients were diagnosed with
SARS-CoV-2 infection. 52 of were taking tacrolimus and 34 had
their trough serum tacrolimus level measured at the time of
diagnosis (including all those admitted). Of these 34 patients, 20
(38.4% of infected patients on tacrolimus and 58.8% of those with
available trough levels ±2 days to diagnosis) had a value above
8 μg/L and 14 had a value within the unit’s ‘normal range’. The 18
patients who had not had their tacrolimus level measured were
patients with mild symptoms that did not attend any healthcare
facility in person and were advised to self-isolate.

Median age at diagnosis for these patients was 54.5 years
(range 25–80), 23 patients (67%) were male and 33 (97%)
were from a white European background. Median time
between diagnosis and transplantation was 82.5 months (range
1–317). Five patients (14.7%) experienced diarrhoea (with
another three developing it later). 22 patients (64.7%) required
hospital admission with 4 of them (11.8%) requiring escalation to
an intensive care setting. 17 patients (50%) suffered graft
dysfunction (AKI) and 2 patients (5.9%) had graft failure
requiring return to dialysis. Four patients (11.8%) died during
hospital admission due to COVID-19 infection. All deaths
occurred within the group of patients with graft dysfunction,
but the patients who suffered graft loss survived. A summary of
the characteristics of the patients in this cohort is provided in
Table 1.

The control group consisted of 26 consecutive patients
admitted with other infections to the transplant unit over
1 year period. Urinary tract infections were most common and
affected 21 (80.8%) of the admitted patients. Other infections
documented were non-SARS-CoV-2 respiratory infections (three
cases, 11.5%), biliary (one case, 3.8%) and cryptococcal
meningitis (one case, 3.8%). Median age at diagnosis was
55 years (range 25–83). Median time from transplantation to
infection was 112 months (range 22–328). All patients were cared
for on the transplant ward (level 1 and 2 care). No deaths or graft
failure occurred in this group, 15 (57.7%) presented with an acute
kidney injury.

The range of trough serum tacrolimus levels at the time of
diagnosis for the patients in the SARS-CoV-2 cohort was
2.7–23 μg/L, mean 11.2, median 9.6. As mentioned, 20 of
those patients had a level above 8 μg/L. This contrasted with a
mean value of 8.5 μg/L and a median of 7.9 μg/L in the control
group (Mann-Whitney p = 0.07, 95% CI for the difference
between medians −0.3–5.8) (Table 2).

To ensure that the observed difference was real, a ratio was
calculated of the post-infection tacrolimus trough level to the
mean pre-infection value. This ratio was higher in the SARS-
CoV-2 cohort (ratio 1.7) compared to the control group (ratio
1.25, p = 0.018, mean ratio difference 0.49, 95% CI 0.08–0.89).

(Figure 1) A higher incidence of graft dysfunction (AKI) was
found in SARS-CoV-2 infected patients who had tacrolimus
levels above 8 μg/dl following infection, 13 out of 20 compared
to 4 out of 14 among those with lower levels (p = 0.037).

The median length of stay was higher among SARS-CoV-2
infected patients with higher tacrolimus levels (10 days, range

1–44) compared to those who did not have high levels (0 day,
range 0–70, p = 0.04) although the incidence of ICU admissions
was the same. Four of the 20 patients (25%) with high tacrolimus
levels died, compared to 2 of the 14 patients with normal
tacrolimus levels (p = 0.5).

DISCUSSION

This small study demonstrates convincingly that SARS-CoV-2 leads
to significantly raised tacrolimus trough levels and is associated with
disease severity.

Acute kidney injury has been recognized as a prominent
complication of SARS-CoV-2 infection resulting from an
immunological cascade leading to vascular, tubular, and
glomerular injury (18). AKI complicates 4.3% of the cases of
SARS-CoV-2 that require hospitalization and almost 20% of the
critically ill patients require renal replacement therapy (RRT)
(18–20). AKI has also been associated with higher mortality rate
in critically ill patients with SARS-CoV-2 infection (21). The AKI is
multifactorial but a specific proximal tubular injury has been
described by Werion et al (22). A novel injury mechanism after
SARS-CoV-2 entry, which is based on expression and functional
network analysis between ACE2 and solute channel genes has been
considered.

Diarrhoea is a common symptom of SARS-CoV-2 in children
(23) and it might affect up to 13.5% of adults (24). SARS-CoV-2
invades the gastrointestinal tract through binding with ACE2
receptors (for which it has 10–20 times higher affinity compared
to SARS-CoV-1) (25) causing intestinal permeability changes. Mouse
models have shown that ACE2 alterations might be associated with
the uptake and imbalance of amino acids and colitis (26).

Five of the 20 patients with high tacrolimus levels had diarrhea,
that is well recognized to lead to increased tacrolimus levels (17). The
mechanism of increased levels in the rest is still unclear, but it is of
unusually high frequency. Whether tacrolimus levels were raised in
patients for whom a contemporaneous level was not available is
difficult to say. It may be that high levels are associated with more
severe disease that prompts hospital attendance or admission. We
postulate that increased tacrolimus levels are either the result of
decreased transit time in the gastrointestinal tract (small bowel) with
increased enterohepatic circulation, being due to further reduction in
Pgp levels compared to other infections or a direct effect of the
increased permeability following binding of ACE2 receptors.

The current study brings to light another aspect of SARS-CoV-2
infection in transplant patients: tacrolimus-induced nephrotoxicity.
In this cohort the serum tacrolimus level was significantly raised
compared to previous values in the same patients as indicated by an
‘infection to pre-infection’ ratio of 1.7. Patients with those higher
levels were at a higher risk for developing AKI and stayed longer in
the hospital. In addition, the post-infection levels of tacrolimus
among SARS-CoV-2 infected patients were increased compared to
a control (non-SARS-CoV-2) infection group that required
admission. It is well known that, in the setting of inflammation,
ischemia and shock, P-glycoprotein (PgP) expression in the gut wall
may be reduced leading to decreased PgP levels and increased blood
tacrolimus trough concentrations up to two times, as it occurred in
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the present study (14, 15, 27–30). The inclusion of a control group of
serious infection that required admission confirms these particularly
raised levels truly related to SARS-CoV-2 itself rather than a what is
occurring with any severe infection.

SARS-CoV-2 infection could therefore impair renal function in
transplant patients both by damaging the kidney directly and by
causing drug-induced nephrotoxicity due to higher tacrolimus levels
conveying a higher risk of overall morbidity.

As a conclusion, increased serum tacrolimus level is another
effect of SARS-CoV-2 infection that has yet to be fully understood.
Given its frequency, clinicians should be aware and be vigilant in
order to counter it appropriately even in patients not experiencing
diarrhoea. In transplant patients who require hospital attendance we
suggest measuring serum tacrolimus levels immediately and
reducing dosage appropriately in case of an increased value. This
study is limited by the small sample size and the unmatched,
heterogenous nature of the control group that could have also
contributed to the difference in tacrolimus levels. Further
research can determine the pathophysiological mechanism
involved in this process, alongside careful control group design to
gain more insight to it.
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