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Abstract: The infection by the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) can
generate a wide spectrum of clinical manifestations ranging from asymptomatic to severe respiratory
and systemic disease with coagulation disorder named coronavirus disease 2019 (COVID-19). Patients
with comorbidities have been identified as risk groups for severe COVID-19, also having a higher
death risk. Previous reports have conflicting results regarding if solid organ transplant recipients
present an increased risk for COVID-19. Nevertheless, previous investigations failed to distinguish
between different organs received or made a longitudinal investigation on those patients. We
recruited 39 solid organ transplant recipients: 25 kidney transplant recipients, 7 heart transplant
recipients, and 7 liver transplant recipients and 25 age-matched non-transplant COVID-19 patients
without comorbidities (control group) and compared daily laboratory data in addition to performing
survival analysis. Heart and kidney transplant recipients presented an increase in several COVID-
19 severity-associated biomarkers, such as neutrophil-to-lymphocyte ratio and thrombocytopenia,
in comparison to the control group and liver transplant recipients. Heart and kidney transplant
recipients also presented an increase in the need for intensive care and invasive mechanical ventilation
during the disease’s course. Importantly, heart and kidney transplant recipients presented a higher
mortality rate in comparison to liver transplant recipients and non-transplant recipients. In our
cohort, heart and kidney transplant recipients presented a difference in clinical characteristics and
survival rate in comparison to liver transplant recipients. Further investigation involving immune
response to SARS-CoV-2 in solid organ recipients should consider and separate patients according to
the organ grafted.
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1. Introduction

The coronavirus disease 2019 (COVID-19) is a respiratory and systemic disease caused
by the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). SARS-CoV-2 can
infect multiple organs, including lungs, heart, liver, and kidney [1].

Several risk factors are associated with an increased risk for severe COVID-19, such as
respiratory disorders [2] and metabolic diseases [3]. Transplantation is an established treat-
ment for end-stage organ diseases, and patients commonly receive immunosuppressive
therapy to prevent organ rejection [4]. There is conflicting data in the literature regarding
the impact of COVID-19 on solid organ transplant (SOT) recipient patients. Some reports
suggest that immunosuppressive therapy reduces the severity of the COVID-19-associated
inflammation, while other reports did not observe such an effect, reporting similar inflam-
mation to non-SOT patients [5–8]. Previous reports have identified increased lethality in
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SOT recipients, comparing the survival rate with that of the general population, which
could be influenced by the difference in treatments and associated comorbidities [9]. A
case-controlled study concluded that SOT patients were not at greater risk during COVID-
19, the immunosuppressive treatment did not influence the outcome of COVID-19 [10], and
SOT patients did not present an increase in respiratory failure or cytokine production [11].

The SOT recipients may also respond differently to COVID-19 due to associated
comorbidities, drugs used to prevent organ rejection, or the organ transplanted [12]. The
prevalence of SOT patients varies among COVID-19 reports, which could be affected
by the susceptibility to SARS-CoV-2 or the general prevalence of those patients in the
population [13].

Several case reports have investigated the COVID-19 outcome in solid organ transplant
recipients. Nevertheless, no longitudinal comparison between different organ recipients
has been made to this moment. Therefore, we performed a longitudinal investigation on
COVID-19 course and survival analysis in SOT patients (recipients of heart, kidney, and
liver) with over one and a half years post transplant, in a single-center investigation during
the same period.

2. Materials and Methods

Patients were at the “Hospital das Clínicas” of the Medical School of the University
of São Paulo (HCFMUSP). SARS-CoV-2 RNA was detected by a reverse-transcriptase
polymerase chain reaction in nasopharyngeal swab samples. In a cohort of 397 patients, 39
were solid organ transplant recipients: 25 kidney transplant recipients (KIDNEY), 7 heart
transplant recipients (HEART), and 7 liver transplant recipients (LIVER). Two patients from
the LIVER group received the transplant from a living donor. All patients underwent solid
organ transplants more than 18 months prior to SARS-CoV-2 infection. The control group
consisted of 25 non-transplant recipients without comorbidities diagnosed with COVID-19
during the same period (CONTROL).

Exclusion criteria for all groups were the presence of other comorbidities except for
systemic arterial hypertension (SAH) and type 1 and 2 diabetes mellitus (DM). All patients
with SAH underwent daily use of losartan (50 mg) for SAH control. Cyclosporine and
tacrolimus levels on the serum were monitored and within the reference levels during
COVID-19 (cyclosporine: 100–300 ng/mL and tacrolimus: 5–20 ng/mL). During hospi-
talization, COVID-19 patients received systemic and standard treatment. All patients
received antibiotics (azithromycin) and anticoagulants. Part of the patients received antivi-
rals (oseltamivir) and the other part received systemic corticosteroids (dexamethasone), as
depicted in Supplementary Table S1. This study was approved by the Ethics Committee of
HCFMUSP (No. 30800520.7.0000.0068-2020) and followed the 2013 revision of the Declara-
tion of Helsinki and Istanbul. The Ethics Committee waived the need for written informed
consent for its retrospective observational nature. EDTA blood samples were collected daily
during hospitalization. Statistical analyses were performed using the Kruskal–Wallis test
with Dunn’s multiple comparisons and survival analyses were performed with the log-rank
test for trend with GraphPad Prism-8 software (GraphPad Inc., San Diego, CA, USA).

3. Results

In our cohort of 397 patients, 39 were SOT recipients and sub-grouped according to
the organ grafted/received: liver (n = 7), kidney (n = 25), and heart (n = 7). These three
groups of SOT recipients did not differ concerning age and number of years post transplant
(Table 1). However, the KIDNEY and HEART groups presented an increased hospitaliza-
tion time in comparison to the CONTROL and LIVER groups, while the hospitalization
time was comparable between the latter two groups (Table 1). Importantly, the outcomes
were also markedly disparate. Most of the heart transplant patients (85.7%) required
intensive care and invasive mechanical ventilation. This was also the outcome for 44% of
the kidney transplant patients and 32% of the CONTROL group. This is in sharp contrast
with the liver transplant recipients, none of whom evolved to this outcome. In summary, in
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our cohort, heart transplant patients were at a significantly higher risk of severe respiratory
injury and assisted mechanical ventilation than patients of the CONTROL and LIVER
transplant groups but not significantly different from the KIDNEY group (Table 1).

Table 1. Patients’ characteristics on admission.

Control
(N = 25)

Liver
(N = 7)

Kidney
(N = 25)

Heart
(N = 7)

Reference
Values p-Value

Sex (Male/Female) 16/9 5/2 14/11 4/3 - -
Age (Years) 62.5± 2.3 * 66.5± 1.5 52.3± 2.4 * 50.1± 5.5 - 0.005

Years Post Transplant - 6.7 ± 1.6 7.1 ± 1.5 5.5 ± 1.6 - 0.86
Hospitalization Time (Days) 14.4± 1.0 11.8± 1.3 18.5± 1.2 *,# 26.0± 1.2 *,# - <0.001

Needed ICU Care (%) 32 0 44 85.7 - -
LABORATORY DATA

Leukocytes (×103/mm3) 8.0 ± 1.8 6.0 ± 2.4 6.8 ± 1.2 11.5 ± 5.7 04–11 0.977
Patients with Leukocytosis (%) 20 42.8 16 42.8 0.19

Neutrophils (×103/mm3) 5.2 ± 1.4 4.9 ± 1.9 5.5 ± 1.2 10.0 ± 5.4 2.5–7.5 0.979
Patients with Neutrophilia (%) 24 14.2 52 57.1 0.07

Lymphocytes (×103/mm3) 0.7 ± 0.1 0.6 ± 0.2 0.7 ± 0.1 0.5 ± 0.2 1.5–3.5 0.885
Patients with Lymphopenia (%) 100 100 100 100 -

Neutrophil-to-Lymphocyte Ratio (NTL) 7.5 ± 1.8 7.7 ± 1.5 9.4 ± 2.6 16.6 ± 5.5 4–11 0.532
Patients with ↑ NTL (%) 20 0 52 # 85.7 *,# <0.001

Platelets (×103/mm3) 251.7 ± 22.6 159.3 ± 39.5 239.3 ± 17.9 239.8 ± 36.1 150–400 0.291
Patients with Thrombocytopenia (%) 0 14.2 14.2 14.2 0.06

Patients with ↑ ALT (%) 8 14.2 16 0 0.61
Aspartate Aminotransferase (AST) (U/L) 69 ± 31.1 34.6 ± 4.3 41.3 ± 11.0 25.3 ± 1.4 <37 0.714

Patients with ↑ AST (%) 20 14.2 32 0 0.29
Direct Bilirubin (mg/dL) 0.4 ± 0.1 0.3 ± 0.1 0.1 ± 0.02 0.2 ± 0.9 <0.3 0.243

Patients with ↑ Direct Bilirubin (%) 16 14.2 32 57.14 0.12
Indirect Bilirubin (mg/dL) 0.13 ± 0.05 0.14 ± 0.06 0.04 ± 0.0 0.14 ± 0.01 0.1–0.6 0.338

Patients with ↑ Indirect Bilirubin (%) 0 0 0 0 -
Creatinine (mg/dL) 0.8± 0.1 * 2.1± 0.5 2.2± 0.2 * 2.4± 1.2 0.7–1.2 0.003

Patients with ↑ Creatinine (%) 20 100 100 100 >0.001
Urea (mg/dL) 34.3± 8.9 84.6± 12.1 95.1± 11.7 146.7± 37.3 * 10–50 0.003

Patients with Uremia (%) 12 100 100 100 <0.001
C-Reactive Protein (CRP) (mg/L) 165.8 ± 41.4 57.8 ± 24.2 106.4 ± 43.2 67.6 ± 30.2 <5.0 0.419

Patients with ↑ CRP (%) 100 100 100 100 -
TRANSPLANT MOTIVE

Cancer 2 3
Hepatitis C Cirrhosis 3
Alcoholic Cirrhosis 2
Diabetes Mellitus 7

Hypertension 7
Glomerulopathy 3

Polycystic Kidney Disease 2
Chronic Interstitial Nephritis 2

Idiopathic Dilated Cardiomyopathy
Cardiac Insufficiency

Chagas Cardiomyopathy
Other 2

↑ = increased * p < 0.01 difference statistically significant in relation to the CONTROL group. # p < 0.01 difference statistically significant in
relation to the LIVER group. Bold is used to highlight values with statistically significant alterations. Reference values from Divisão de
Laboratório Central do HC/FMUSP. Values presented as % or mean ± SEM.

We then searched for laboratory markers taken on admission that could correlate with
the adverse outcome. Neutrophil, lymphocyte counts, and the neutrophil-to-lymphocyte
ratio (NTL) are considered COVID-19-associated severity biomarkers. Although no marked
differences in the cell counts were detected among the groups (Table 1), the percentage of
patients with elevated NTL was significantly higher in the HEART and KIDNEY groups,
especially the latter (86%) (Table 1). Additionally, noteworthy is the observation that
none of the liver transplant recipients had abnormal NTL (Table 1). All groups were
lymphopenic on admission (Table 1). Interestingly, renal function tests (urea and creatinine
levels) were abnormal in all patients of the three SOT groups but in only a small fraction of
the CONTROL (≤20%) (Table 1). This translated into a trend for higher urea and creatinine
levels in the SOT recipients, especially in the HEART and KIDNEY groups (Figure 1F,G).
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kocytes, (B) neutrophils, and (C) lymphocyte counts, (D) ratio of neutrophils-to-lymphocytes, (E) C-reactive protein, (F) 
creatinine and (G) urea levels, (H) platelet count, and (I) survival analysis. CONTROL, non-SOT recipients with COVID-
19; LIVER, liver transplant recipients with COVID-19; KIDNEY, kidney transplant recipients with COVID-19; HEART, 
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Figure 1. Daily clinical features of COVID-19 patients of the CONTROL, LIVER, KIDNEY, and HEART groups. (A) Leuko-
cytes, (B) neutrophils, and (C) lymphocyte counts, (D) ratio of neutrophils-to-lymphocytes, (E) C-reactive protein, (F) crea-
tinine and (G) urea levels, (H) platelet count, and (I) survival analysis. CONTROL, non-SOT recipients with COVID-19;
LIVER, liver transplant recipients with COVID-19; KIDNEY, kidney transplant recipients with COVID-19; HEART, heart
transplant recipients with COVID-19. * p < 0.05 difference from LIVER to all other groups. # p < 0.05 difference from
KIDNEY and HEART. $ p < 0.05 difference from CONTROL and LIVER to all other groups. % p < 0.05 difference from
HEART in comparison to CONTROL and KIDNEY. @ p < 0.05 difference from HEART in comparison to all other groups.
Statistical analysis: In (A–G) was used Kruskal–Wallis test with Dunn’s multiple comparisons was used and in (H), Log-rank
test for trend. Data were collected between 1 May 2020 and 31 July 2020.

We were not able to detect differences in alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels among the groups: few patients presented ALT and AST
values over the upper limit of the reference values. (Table 1). The same holds true for the
indirect and direct bilirubin levels as well as the platelets counts: few patients presented
alterations of these biomarkers (Table 1). On the other hand, CRP levels were comparably
elevated in all groups (Table 1).

Several investigations on COVID-19 patients have focused on a single-point analysis,
usually at hospital admission, which can be affected by the time elapsed since the SARS-
CoV-2 infection. Previously, we identified that longitudinal data from hospitalization to
SARS-CoV-2 clearance and hospital discharge could provide valuable information and a
better comprehension of COVID-19 [2]. Therefore, we performed a daily comparison of
laboratory data from the hospitalization day until the hospital discharge.

We verified that the LIVER group presented a lower number of leukocytes during
all hospitalization time compared with the three other groups (Figure 1A). Periods of
leukocytosis were evident in the CONTROL and HEART groups but especially in the
KIDNEY group (Figure 1A). Figure 1B shows that, except for the CONTROL group, the
leukocyte changes reflected, in most part, the fluctuation in neutrophils counts, the LIVER
and HEART group presenting low counts and the KIDNEY group presenting a steady
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increase. In the CONTROL group, the leukocyte changes were due mostly to the steady
increase in lymphocytes number, while these cells numbers varied little in the HEART and
LIVER groups but peaked transitorily in the KIDNEY group, thereby also contributing
to their leukocytosis (Figure 1B). Consistent with this, the KIDNEY and HEART groups
were the ones that presented a more frequently increased NTL ratio; remarkably, there was
no elevation of the NTL ratio in the LIVER group (Figure 1D,E). Thus, the KIDNEY and
HEART groups were the ones that presented the most consistently evident biomarkers of
severity. Eosinophils and monocytes did not show alterations during the hospitalization
period in any of the groups (data not shown). On the other hand, the HEART group was
the only one to exhibit a significant reduction in platelet counts during the disease course
(Figure 1H).

Regarding the renal function, again, the KIDNEY and HEART groups presented the
most prominent alterations in urea and creatinine levels, with the LIVER group showing
only mild and transitory alterations, while the CONTROL group showed substantial but
transitory alterations. Finally, the CRP was altered most of the time in all groups, with
milder values in the LIVER group.

Importantly, the survival analysis indicated a statistically better prognosis in the
CONTROL and LIVER groups compared to the KIDNEY and HEART groups (Figure 1I).

4. Discussion

Numerous risk factors have been associated with severe COVID-19 and an increased
risk of death [3]. A nationwide investigation reported an increase in incidence, severity,
and mortality in SOT patients with COVID-19 [14]. A recent cohort study in SOT and non-
SOT patients with COVID-19 identified that SOT patients did not present an exacerbated
inflammatory response in comparison to non-SOT but presented a tendency for a higher
mortality rate [15]. In contrast, another report identified a low mortality rate in SOT
and patients on the solid organ transplant waiting list but a higher mortality rate for
hospitalized patients [16]. A caveat from previous reports is that patients received different
treatments [17], while in our cohort, the patients were hospitalized in the same period at
the service, receiving standard care for COVID-19 patients.

Infections represent a serious mortality cause in kidney, heart, and liver transplant
patients, especially within the first year after the transplant [18]. Respiratory infections, in
particular, can generate different disease manifestations and/or severity, according to the
organ received, and present differences in severity between adults and children [19]. We
did not identify any secondary bacterial infection in this cohort, which could drastically
alter the laboratory data.

Azzi et al. raised the hypothesis that SARS-CoV-2 infection could differ depending
on the type of organ transplanted [7,20,21]. Although previous manuscripts identified
recipients of different organs in their cohorts, patients were not classified according to
the organ grafted, and no comparison between the different SOTs was carried out [10,22].
In our cohort, SOT patients received the organ transplant over one year prior to COVID-
19 infection and were classified according to the organ received, presenting significant
differences in several inflammatory markers on the first hospitalization and during the
COVID-19 disease course. During COVID-19, patients regularly present an increase in
circulating leukocytes, with an increase in neutrophils and a reduction in lymphocytes,
characterizing an immune dysregulated and hyper-inflammation condition [23]. In our
investigation, liver transplant recipients neither presented the leukocytosis found in all
other groups nor the neutrophilia of the heart and kidney transplant recipients, suggesting
a less severe COVID-19 [24]. Heart transplant recipients also presented significant lym-
phopenia, a biomarker associated with severity and lethality during COVID-19 [23,25].
Due to the importance of neutrophils and lymphocytes in the COVID-19 pathogenesis,
the NTL ratio is widely used as a severity biomarker [2,25]. In our cohort, the HEART
and KIDNEY groups presented increased NTL compared with the LIVER and CONTROL
groups, further stressing the higher severity of COVID-19 in those groups. Consistent with
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this, CRP serum levels were elevated in the CONTROL, KIDNEY, and HEART groups
compared with the LIVER group.

Elevated serum creatinine levels correlate with renal injury by COVID-19 and with
a poor prognosis [25]. The KIDNEY group, as expected, as well as the HEART group
presented persistently and markedly elevated urea and creatinine levels during the hospi-
talization period. Noteworthy, the LIVER group presented normal or slightly elevated urea
and creatinine levels most of the time, while in the CONTROL group, there was a trend for
elevated urea levels. These results are in contrast with previous reports and meta-analyses,
which showed that all SOT patients appear to present an increase in the need for intensive
care and mortality. This is due, at least in part, to carrying out the analysis separately to
each of the three types of SOT recipients [26].

Hypercoagulation is another important factor contributing to COVID-19 mortality.
There was a trend for decreased platelet count only in the HEART group, indicating a more
severe COVID-19-induced coagulation dysfunction [25].

Overall, these analyses indicate that SOT patients may present significant differ-
ences in the course of COVID-19, especially regarding severe inflammation and mortality.
Apparently, liver transplant recipients would display a more benign disease course. In
fact, most of the liver recipients (86%) were on a single immunosuppressive regimen
(tacrolimus), while heart and kidney recipients were on a triple-drug regimen (Supple-
mentary Table S1). The liver allograft is more immune privileged than other solid organs
commonly transplanted, endowing lower risk of rejection and less immunosuppressive
regimens [27,28]. The usage of immunosuppressive treatment has been demonstrated to
increase the cycle threshold in the reverse-transcriptase polymerase chain reaction used
to identify the SARS-CoV-2 RNA in nasopharyngeal swab tests [29] Therefore, it is also
conceivable that it also impacts the SARS-CoV-2 infection course [29] since tacrolimus
has been shown in vitro to reduce non-SARS-CoV-2 coronavirus [30]. On one side, the
tolerance state could be perturbed by the inflammatory response of COVID-19 (an issue
that was not examined here), and on the other side, severe immunosuppressive regimens
could impair the anti-SARS-CoV-2 immune response, favoring virus replication and spread,
which ultimately would trigger an unbalanced or exaggerated immune reactivity. The
liver transplant patients appear to suggest that moderate immunosuppression favors the
control of the hyper-inflammation and benefits from the SARS-CoV-2-infected patient. The
several previous reports of the COVID-19 clinical course in SOT patients did not analyze
the different transplants separately, which may partially explain the conflicting results
regarding the clinical characteristics and mortality rate [10,11,14–17,31].

These preliminary results should be confirmed in larger cohorts and with other SARS-
CoV-2 variants. One advantage of our small cohort is that all patients were from the first
Brazilian wave of COVID-19, when presumably only one viral strain was circulating in
Brazil, and underwent the same clinical approach.

Our university hospital is currently a reference center for moderate to severe cases
of COVID-19; hence, these results may not represent the profile in asymptomatic and
mild SARS-CoV-2-infected SOT-recipient patients. Our preliminary study is the first to
compare different organ transplant receivers in the Brazilian population; nonetheless,
further investigations in other solid and non-solid organ transplants are necessary to
understand the COVID-19 immune response in these populations.

5. Conclusions

Our data indicate that heart and kidney recipient patients present an increase in
COVID-19-associated inflammatory biomarkers during the disease course and lower sur-
vival rates in comparison to non-SOT patients and liver recipient patients. Further inves-
tigations should analyze the differential effects of COVID-19 in larger cohorts of specific
organ transplant patients.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/transplantology2030030/s1, Table S1: Solid organ transplant treatment previous to COVID-19.
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