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2020 has been a year like no other, with the coronavi-
rus pandemic leaving no one’s life untouched. From Feb-
ruary, we witnessed a dramatic increase in the number of
cases across continents, which was soon followed by an
explosion of COVID-19-related publications in almost all
the leading medical journals. As we now move into 2021,
it is worthwhile to look back at 2020 and the timeline in
the evolution of our understanding of the virus’ impact
on day-to-day nephrology practice, mainly from the
viewpoint of a hospital-based nephrologist still in train-
ing. What lessons have been learned and what should we
take forward into our clinical practice to manage the cur-
rent second and inevitable future waves of infection with
this changing virus?

What We Did Not Know at the Start of 2020?

As ayoung nephrologist working in a large tertiary re-
ferral renal unit in London, I was aware of the events un-
folding in Wuhan, China, at the end of 2019, but they
seemed remote and of little relevance to my then clinical
duties and practice. However, by March 2020 our hospital
had rapidly built a “pod” in its car park for the expected

small number of cases of SARS-CoV-2 infection who
would be tested and managed without risk to other hos-
pital patients and staff. Within a few weeks, we had am-
bulances queuing up to deliver acutely ill patients to our
Accident & Emergency Department, and staff being
called in urgently to fill emergency rotas. At the time I
remember feeling desperate for information and guid-
ance on how to manage these severely ill patients who
presented with such alarming chest radiographs and
frighteningly low oxygen saturation levels. In these early
days, details about the infection and recommendations
for its management were scarce and came largely by
word-of-mouth. I recall the widespread use of a “Whats-
App” messaging group set up for doctors in London to
exchange information and their experiences. An inten-
sive care consultant with first-hand knowledge of manag-
ing lung involvement with COVID-19 was a valuable
source of early guidance and recommended keeping these
patients “dry” and not to give too much intravenous fluid.
The reasoning behind this was that many COVID-19 in-
fected patients appeared to develop a form of rapidly pro-
gressive acute respiratory distress syndrome (ARDS), and
from prior experience of managing this condition, it had
been shown that relying on intravenous fluids to provide
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haemodynamic support often made the situation in the
lungs much worse. Indeed, I had first-hand experience of
this in managing ARDS cases following the Grenfell Tow-
er fire disaster in London in 2017 where many suffered
smoke inhalation, and I was already very cautious about
the use of intravenous fluids in such patients. We watched
anxiously, while our patients struggled for breath in their
isolated cubicles.

Within a few weeks, it was uninfected patients who
were now placed in isolation to protect them from the in-
creasing number of ward patients with COVID-19 infec-
tion. Our kidney transplant programme had been paused,
COVID-19 began spreading rapidly throughout our di-
alysis units, and all the open bays on the inpatient wards
were now filled with COVID-19 cases. Ambulatory care
and outpatient visits were soon replaced by remote “tele-
medicine” consultations, which has proved more effec-
tive than expected and is likely to continue in some form
even after the pandemic is over. We surveyed our inpa-
tients with growing concern, while the television crews
and reporters, and general public, observed us with in-
creasing apprehension. Would we cope? We soon began
seeing a worrying increase in cases of acute kidney injury
(AKI), both on the general wards and in our intensive
care unit (ICU). We wondered if we might have been run-
ning our patients too dry in restricting fluids to protect
their lungs, and that perhaps we had underestimated their
insensible losses from prolonged fever, or could it be due
to the virus itself?

Back in 2005, it was already known that the spike pro-
tein of coronavirus causing SARS (severe ARDS), SARS-
CoV-1, bound to the angiotensin-converting enzyme 2
(ACE2) to gain entry to infect cells [1], and this contrib-
utes to the lung injury seen [2]. This protein had been
proposed as a vaccine target, and this is now bearing fruit
[3]. ACE2 is expressed on the surface of type 2 alveolar
epithelial cells, cardiac, and renal tissue. It acts as an im-
portant counter-regulator in the renin-angiotensin-aldo-
sterone system by degrading ANGII to ANG1-7 and gen-
erating ANG1-9 peptide, which can bind to the cell-pro-
tective AT2 receptor and offset many of the adverse effects
of AT1 stimulation [4]. When ANGII is degraded by
ACE2, downstream effects include vasodilation, natri-
uresis, and lowered blood pressure. Knowing this, there
has been a theoretical concern that patients treated with
an ACE inhibitor (ACEi) or angiotensin receptor blocker
(ARB) may be less or more susceptible to viral infection:
ACEi or ARB treatment could potentially block viral en-
try, but treatment might also lead to increased tissue
ACE2 expression that could be beneficial (see AT2 stimu-

138 Kidney Blood Press Res 2021;46:137-141

DOI: 10.1159/000515194

lation above) or might increase susceptibility to infection,
as reviewed by South et al. [5]. Indeed, some have pro-
posed AT2 receptor agonism as a treatment for COV-
ID-19 to counter over-activation of RAS. A senior col-
league in our department even began taking the ARB
losartan at home as possible prophylaxis. Hypertension
emerged as a risk factor for more severe COVID-19 infec-
tion but was it the hypertension or its treatment that pre-
disposed to a worse infection? Additional concerns were
the effects of a “cytokine storm” from overwhelming in-
fection, as seen in multi-organ failure with immune dys-
regulation [6].

Very soon rapid prepublications began appearing that
had not been peer-reviewed, but which began providing
desperately needed initial data on the presentation and
clinical features of infection and its early treatment. These
publications were open access and made free by the jour-
nals that published them promptly online (including
those that were peer-reviewed); this undoubtedly helped
in sharing critical information quickly, provided experi-
ence that helped improve clinical management and was a
basis for innovative clinical trials that have been conduct-
ed in “real-time” to determine best practice and effective
therapies. However, the downside to this has been the
widespread reporting of “off-label” therapies such as hy-
droxychloroquine as treatments, founded on very small
observational studies or case reports, rather than proper
randomized controlled trials [7]. This led to a coordinat-
ed push for so-called adaptive “platform” clinical trials in
which repurposed and novel therapies could be tested in
sequence and rapidly discarded or consolidated, for ex-
ample, the RECOVERY trials based in Oxford, UK. This
and similar, more formal, clinical trials soon invalidated
hydroxychloroquine, showed that the antiviral remdesi-
vir had some limited benefit and that the anti-inflamma-
tory tocilizumab (anti-IL6 monoclonal antibody) did not
fulfil its initial promise, as was also the case with conva-
lescent plasma. Only dexamethasone (so far) has been
shown to reduce mortality in those patients requiring ox-
ygen [8]. More trials of proposed treatments are still on-
going.

Cheng et al. [9] published one of the first retrospective
case series of 1,300 COVID-19 patients in China and re-
viewed, amongst other things, the incidence of AKI. Pa-
tients with diabetes and hypertension seemed to be more
at risk of developing AKI, and those with AKI did much
worse. In fact, patients with COVID-19 and AKI had a
higher mortality than non-COVID-19 critically ill pa-
tients with AKI. Haematuria and proteinuria were com-
mon findings. Although many of these patients had been
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given diuretics (to manage their pulmonary and cardiac
complications), perhaps there was something more than
dehydration and not only a prerenal cause? We started to
plan for large numbers of patients who might need long-
term renal replacement therapy after discharge from hos-
pital, but unfortunately few survived their admission to
the ICU. The first post-mortem series of COVID-19 cas-
es shed some light on what was happening. Twenty-six
patients in one series underwent an autopsy, of which 9
had AKI [10]. In these 9 cases, light microscopy showed
proximal tubular injury, and 3 of these had cast in keep-
ing with rhabdomyolysis. Electron microscopy showed
viral particles within tubular cells although this has since
been questioned [11].

A review of cases in New Orleans identified 5 pheno-
types of AKI in COVID-19, the predominant one being
acute tubular injury (66%) [12]. At our hospital, we had
also noted that patients on continuous veno-venous hae-
mofiltration (CVVH) circuits had significant clotting
problems, and many were found to have pulmonary em-
boli, which raised concerns about an associated coagu-
lopathy and microangiopathy in the kidney. The haema-
turia and proteinuria suggested glomerular injury, and
we know now that haematuria and proteinuria predict
more likely progression to critical illness [13]. Rhabdo-
myolysis, which we did see, was less common and was
seen in only 7% of AKI cases in the New Orleans cohort.

The relatively low incidence of AKI reported in Chi-
nese cohorts determined service planning and provision
in London. The new London Nightingale Hospital, which
was set up as a military style hospital in record time, was
an impressive example of emergency planning and con-
struction, but it was set up without any CVVH provision
or a dialysis water supply. Subsequent publications of co-
horts in the USA matched more closely the London expe-
rience of AKI incidence in COVID-19 [14, 15]. Informa-
tion sharing amongst nephrology units within and out-
side of London proved very helpful, for example, a single
centre experience of placing patients in a prone position
for acute peritoneal dialysis, or linking up several patients
to share a single CVVH machine.

As the pandemic continued to ravage our existing co-
hort of renal patients, collaborative efforts such as the
ERACODA (European Renal Association COVID-19
Database) confirmed that the predominant risk factors
for poor outcomes were common between dialysis pa-
tients, transplant recipients, and the general population,
especially advanced age and frailty [16]. Subsequent ret-
rospective analysis of our local in-centre haemodialysis
cohort has identified additional features associated with

One Hospital’s Experience of COVID-19

greater risk for hospital admission and mortality, includ-
ing a high neutrophil-to-lymphocyte ratio and C-reactive
protein on laboratory testing [17]. Early local challenges
with this specific patient group included provision of safe,
isolated hospital transport. Dialysis transport is frequent-
ly quoted as making up 50% of non-emergency patient
transport paid for by the National Health Service. Our lo-
cal transport provider declined to take confirmed CO-
VID-19 patients to dialysis, so this need had to be met by
charitable organisations such as St John’s Ambulance and
Hatzola. Their selfless efforts were much appreciated; for-
tunately, transportation problems had been largely re-
solved by the second wave. We have ongoing difficulties
with availability of isolation bays in the dialysis units, and
I wonder if the pandemic will affect design of future hae-
modialysis units, and perhaps even the programmes
themselves (with a shift towards home therapies).

Case reports started to emerge of other kidney-related
disease phenomena. From New York came reports of a
collapsing glomerulopathy (GN) in patients of African
ancestry [18], subsequently linked to carriage of the
APOLL risk alleles known to predispose to HIVAN and
FSGS, as well as CKD, and probably linked to viral-trig-
gered interferons. In fact, interferon-beta was being pro-
posed and used as antiviral therapy in some cases, al-
though mainly in China, and also by inhalation for ARDS.
Other renal biopsy series began to show more diverse glo-
merular phenotypes [19], suggesting that direct viral in-
vasion may be less important than immune-mediated
damage; in our own unit, we saw relapse in a patient with
pre-existing membranous nephropathy. One of our
transplant patients developed secondary haemophago-
cytic lymphohistiocytosis, a rare, severe, and often fatal
systemic inflammatory condition seen more usually in
patients with pre-existing chronic inflammatory diseases
or a primary immunodeficiency; the patient responded to
treatment with the IL-1 receptor antagonist Anakinra. In-
terestingly, evidence for a direct tubular insult persisted;
we identified a patient with a transient renal Fanconi syn-
drome following SARS-CoV-2 infection with low molec-
ular weight proteinuria [20].

What Do We Know at the End of 2020?

As the second wave of infections brings another long
line of ambulances to our hospital door, the ICU is once
again overflowing, and the transplantation programme is
once more on hold; it is easy to have a sense of deja vu and
to feel despair at the prospect of a repeat of what hap-
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pened in March 2020. Has nothing changed? However, it
is important to remember that we do have almost 12
months of experience to draw on.

Animal work suggests that renin-angiotensin-aldoste-
rone system blockade is not associated with upregulation
of ACE2 [21], and analysis of large cohorts now suggests
that the association between hypertension and severe dis-
ease is not as strong as initially feared [22]. Advice is to
continue prescribing ACEi/ARB therapy to inpatients al-
ready taking them, and we await the results of the BRACE-
CORONA trial comparing maintenance with withdrawal
of ACEi/ARB therapy in patients with COVID-19. Com-
mon sense suggests maintaining euvolaemia with intra-
venous fluids is the best approach to patient management
and to avoid fluid overload by taking account of insensi-
ble losses. Thanks to the RECOVERY trial, we now know
that dexamethasone is beneficial for hypoxic patients al-
though we do not know yet whether it can also reduce
development of AKI and the need for renal replacement
therapy. Remdesivir may be helpful in some patients, but
its use in renal patients may prove challenging [23].
Again, we also know what treatments are unlikely to help-
ful, for example, lopinavir-ritonavir, and in some instanc-
es might even be harmful, for example, hydroxychloro-
quine.

Concerning renal transplantation, there has been in-
tense discussion as to whether there is an increased risk
of infection. Initially, it was thought that immunosup-
pressive drugs like cyclosporin and tacrolimus might of-
fer some protection because of their antiviral properties
[24] but fears that immunosuppression may increase
susceptibility to infection lead to the approach that im-
munosuppressive drugs should be minimized as safely
as possible. Reports have now suggested that infection
risk in renal transplant patients is no different from the
general population when taking into account age and
other predisposing comorbidities like diabetes and obe-
sity [25]. We are currently withholding antiproliferative
agents when transplant recipients are diagnosed with
(or suspected of having) COVID-19, in keeping with
guidance from the British Transplantation Society and
Renal Association [26]. Outcomes have been largely fa-
vourable for this patient group, who are generally young-
er and less frail than haemodialysis patients. Both trans-
planted and dialysis patients are considered high prior-
ity for vaccination although based more on their
associated comorbidities; while vaccine efficacy may be
reduced, the risk of triggering rejection is thought to be
low for any of the currently licensed vaccines (none is
live-attenuated).
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A worrying development is the emergence of long-
term effects from COVID-19 infection, so-called long
COVID syndrome, which may, in fact, be as many as 4
different syndromes, including post-intensive care and
post-viral fatigue syndromes [27]. CKD is another se-
quela that is becoming recognized, and one to watch out
for, especially in those who experienced an episode of
AKIL

During this time, we are also reminded of earlier pan-
demics, especially the 1918 flu pandemic known as
“Spanish flu” (a historical misnomer: it was first de-
scribed in USA military personnel and may have been
brought over to Europe when the USA joined the First
World War in 1917). Perhaps not surprisingly, there are
some interesting parallels with debates over the origins
of the infection and then response to the pandemic, es-
pecially the early efforts made to limit its spread, includ-
ing isolation, travel restrictions, and the wearing of
masks. At the time a bacterial, rather than a viral, cause
was suspected (haemophilus influenzae in particular,
hence its name); those most affected were young and
died of what was almost certainly a severe form ARDS
during the first wave of infections in the spring of 1918.
But haemophilus was not causative, although secondary
bacterial pneumonia was the more likely cause of death
during the second, more severe wave of infections in the
autumn of the same year [28]. Antibiotics were not avail-
able; passive immunisation was tried with antisera raised
against haemophilus, as well as vaccines against pneu-
mococcus, but these had only limited benefit. However,
there was more success with giving plasma taken from
convalescent patients, another parallel with approaches
used today. Long-term consequences of this infection
also emerged a decade or so later, the most striking being
a possible link to a form of encephalitis, “encephalitis le-
thargica,” highlighted in the 1997 book Awakenings by
Oliver Sacks. Now, with our new medical knowledge and
experience, we have a clearer idea of what clinical ser-
vices need to be adequately resourced, as well as the pros-
pect of new vaccines being rolled out: an astonishing sci-
entific achievement in such a short time.

Can we keep ahead of this virus and plan better for fu-
ture pandemics, which seem likely to occur? Only time
will tell, but perhaps we can begin 2021 with a little more
optimism, show even more concern for our environment,
and salute the extraordinary mobilization and coopera-
tion of the worldwide scientific, pharmaceutical, and
healthcare communities in tackling COVID-19.
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