
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Biochemical Pharmacology 185 (2021) 114485

Available online 20 February 2021
0006-2952/© 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Review 

Life-long passion for antiviral research and drug development: 80th 
birthday of Prof. Dr. Erik De Clercq 

Guangdi Li a,b, Ming Xu b, Tingting Yue b, Weijie Gu c, Li Tan a,* 

a Department of Laboratory Medicine, The Second Xiangya Hospital, Central South University, Changsha 410011, China 
b Hunan Provincial Key Laboratory of Clinical Epidemiology, Xiangya School of Public Health, Central South University, Changsha 410078, China 
c Laboratory of Medicinal Chemistry, Rega Institute for Medical Research, KU Leuven, Leuven 3000, Belgium   

A R T I C L E  I N F O   

Keywords: 
Antiviral research 
Drug discovery 
Tenofovir 
Brivudine 
HIV 
HBV 
HSV 

A B S T R A C T   

Since the 1950s, great efforts have been made to develop antiviral agents against many infectious diseases such 
as human immunodeficiency virus (HIV), hepatitis B virus (HBV), hepatitis C virus (HCV), human cytomega
lovirus (HCMV), herpes simplex virus (HSV), and varicella-zoster virus (VZV). Among the list of nearly 106 
antiviral agents approved in the past five decades, Prof. Erik De Clercq has contributed to the development of 7 
antiviral drugs: tenofovir disoproxil fumarate (Viread®) for HIV and HBV treatment, tenofovir alafenamide 
(Vemlidy®) for HIV and HBV treatment, brivudine (Zostex®) for HSV-1 and VZV treatment, valacyclovir (Val
trex®) for HSV and VZV treatment, adefovir dipivoxil (Hepsera®) for HBV treatment, stavudine (Zerit®) for HIV 
treatment, and cidofovir (Vistide®) for treating HCMV retinitis in AIDS patients. In addition to the above antiviral 
drugs, his contributions include two anti-cancer drugs: rabacfosadine (Tanovea®-CA1) for canine lymphoma and 
plerixafor (Mozobil®) for multiple myeloma and non-Hodgkin’s lymphoma. These achievements are driven by 
his life-long passions for antiviral research and successful collaborations worldwide. To honor the 80th birthday 
of Prof. Erik De Clercq, this study highlights his scientific achievements and the importance of life-long passions 
and collaborations in the success of antiviral research and drug development.   

1. Introduction 

In the past five decades, many compounds have been approved by 
the U.S. Food and Drug Administration (FDA) and/or the European 
Medicines Agency to treat infectious diseases caused by contagious vi
ruses such as HIV, HBV, HCV, HCMV, HSV, VZV, respiratory syncytial 
virus (RSV), influenza virus, orthopoxviruses, Ebola virus, and severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). In our previ
ous review, we summarized 90 antiviral drugs approved during the 
period from 1959 to 2016 [1]. This drug list could be extended with at 
least 16 antiviral agents, which were approved by the U.S. FDA from 
2016 to 2020, including (i) four HIV inhibitors: bictegravir, doravirine, 
fostemsavir, and ibalizumab-uiyk; (ii) four HCV inhibitors: velpatasvir, 
voxilaprevir, glecaprevir, and pibrentasvir; (iii) four ebolavirus mono
clonal antibodies: ansuvimab-zykl, atoltivimab, maftivimab, and 
odesivimab-ebgn; (iv) one HCMV inhibitor: letermovir; (v) one ortho
poxvirus inhibitor: tecovirimat; (vi) one influenza inhibitor: baloxavir 
marboxil; and (vii) one SARS-CoV-2 inhibitor: remdesivir. Among 106 
approved antiviral agents, Prof. Erik De Clercq has contributed to the 

development of 7 antiviral drugs (Table 1). Of note, tenofovir disoproxil 
fumarate and tenofovir alafenamide are two important antiviral drugs in 
the treatment of HIV and HBV infections worldwide. His contributions 
also include plerixafor and rabacfosadine - two antiviral compounds that 
were repurposed for lymphoma treatment [2,3]. Due to his lifetime 
achievements in antiviral treatment (e.g., AIDS drug cocktails), he 
received the European Inventor Award in 2008 and shared Dr. Paul 
Janssen Award for Biomedical Research with Dr. Anthony S. Fauci in 
2010. 

Prof. Dr. Erik De Clercq was born in Dendermonde, Belgium on 28 
March 1941 and received his higher education of bachelor, master, M. 
D., and Ph.D. at the KU Leuven in Belgium. After his two-year research 
training at the Stanford Medical Center (1968 to 1970), he returned to 
Belgium and established his entire academic career at the Rega Institute 
of KU Leuven. At the age of 34 years, he became one of the youngest full 
professors in the history of KU Leuven. Since 2006, he has been serving 
as an emeritus professor and has voluntarily continued his academic 
research and teaching with a great passion. Due to his scientific con
tributions and worldwide collaborations, he received Honorary 
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Doctorates from eight prestigious universities: Ghent University 
(Belgium) in 1997, University of Athens (Greece) in 1997, University of 
Ferrara (Italy) in 2000, Shandong University (China) in 2005, Charles 
University (Czech Republic) in 2007, University of South Bohemia 
(Czech Republic) in 2009, University of Tours (France) in 2010, and 
University of Hull (United Kingdom) in 2011. On 8 June 2013, he was 
also recognized as the Honorary Citizen of Hamme – the hometown of 
Prof. Erik De Clercq. Although it was unfortunate for him to retire at the 
age of 65 years due to the official requirement in Belgium, there is no 
rule to stop a free mind to explore the curiosity of science and the eternal 
goal of curing infectious diseases in all human beings. 

Since the beginning of his career in 1957, Prof. Erik De Clercq has 
contributed with more than 2800 scientific publications and 100 pat
ents, mostly in the field of antiviral research. Furthermore, he has built 
profound collaborations worldwide and their joint efforts have led to 
many important discoveries, briefly summarized below. 

• In 1968, the discovery of several inducers of interferons (i.e., poly
acrylic acid) [4,5].  

• In 1979, the first report of suramin as a potent inhibitor of the reverse 
transcriptase of animal retroviruses in cell cultures [6]. Suramin was 
later recognized as the first compound ever to be confirmed as a 
reverse transcriptase inhibitor of HIV infections in cell cultures [7] 
and humans [8]. 

• In 1979, the discovery of brivudine as a potent and selective com
pound against HSV-1 [9] and VZV [10]. Brivudine was later mar
keted for the treatment of herpes zoster.  

• In 1978, the discovery of (S)-9-(2,3-Dihydroxypropyl)adenine as the 
first acyclic nucleoside with antiviral activities [11].  

• In 1980, the cloning and expression of human β-interferon as well as 
the elucidation of its primary structure [12,13].  

• In 1982, the identification of amino acid esters, which led to the 
valine ester of acyclovir so-called valacyclovir with enhanced 
bioavailability [14,15].  

• In 1986, the discovery of acyclic nucleoside phosphonates as a new 
class of broad-spectrum anti-DNA virus inhibitors [16].  

• In 1987, the discovery of 2́,3́-dideoxy-2́,3́-didehydrothymidine [17], 
later marketed as stavudine (d4T) for HIV treatment.  

• In 1989 and 1990, the discovery of HEPT [18,19] and TIBO [20] 
derivatives that were subsequently recognized as the prototypes of 
non-nucleoside reverse transcriptase inhibitors (NNRTIs) such as 
rilpivirine [21,22].  

• In 1993, the discovery of [(R)-9-(2-phosphonylmethoxypropyl) 
adenine] [23], which was later developed as tenofovir for HIV and 
HBV treatment. 

• In 1998, the synthesis of the tenofovir prodrug called tenofovir dis
oproxil fumarate (TDF) [24]. In 2005 a new prodrug of tenofovir 
called tenofovir alafenamide (TAF) was developed with improved 
safety profiles. Both TDF and TAF have been marketed for the 
treatment of HIV and HBV. As of January 2021, TDF or TAF plus 
emtricitabine are the only approved regimens for HIV prevention. 
More than 10 regimens of highly active antiretroviral therapy 
(HAART) containing either TDF or TAF have been marketed 
worldwide.  

• In 2000, the discovery of a new nucleoside analogue called Cf-1743 
[25,26]. This compound displayed better potency than brivudine 
[27] and offered great potential in the form of its valine ester (fer
mavir, FV-100) to treat VZV. 

• In 2008, the approval of plerixafor (AMD3100) - a bicyclam deriv
ative originally described as an anti-HIV agent in 1992 [28] (a 
publication sponsored by the Nobel Prize winner Max Perutz) and 
1994 [29]. Plerixafor was licensed as a stem cell mobilizer (Mozo
bil®) for the autologous transplantation in patients with multiple 
myeloma or non-Hodgkin’s lymphoma [30–34].  

• In 2016, the approval of rabacfosadine (GS-9219) as a treatment of 
lymphoma in dogs (Tanovea®-CA1) [3]. Rabacfosadine is a new 
phosphonate analogue derivatized from PMEG [9-(2-phospho
nylmethoxyethyl)guanine] and its antiviral activity was first 
described by Erik De Clercq et al. in 1987 [35]. 

To celebrate the 80th birthday of Prof. Erik De Clercq on 28 March 
2021, we, as his students, prepared this article to highlight his lifetime 
achievements as well as important lessons that we have learned from our 
revered professor. The clinical efficacy and safety of approved drugs, to 
which Prof. Erik De Clercq contributed, were summarized based on 
randomized clinical trials. Anecdotes and stories were shared by Prof. 
Erik De Clercq and confirmed by personal communications. 

2. Clinical significance of 6 approved drugs 

In the past five decades, Prof. Erik De Clercq and his collaborative 
teams have contributed to the development of 9 approved compounds, 
including (i) tenofovir disoproxil fumarate (Viread®) and tenofovir 
alafenamide (Vemlidy®) for the treatment of HIV and HBV (Fig. 1a); (ii) 
valacyclovir (Zelitrex®, Valtrex®) for the treatment of HSV and VZV 

Table 1 
A summary of 9 approved compounds co-contributed by Prof. Erik De Clercq.  

Drug name* Brand name Diseases Approval date Current status Ref.* 

Stavudine (d4T) Zerit® HIV 1994/02/08 Discontinued due to off-target toxicity and drug 
resistance. 

[17] 

Valacyclovir (US) or 
Valaciclovir (UK) 

Valtrex®, 
Zelitrex® 

Cold sores, genital herpes,  
herpes zoster, chickenpox 

1995/06/23 Valacyclovir is an important drug for HSV and VZV 
treatment. 

[14] 

Cidofovir (GS-0504) Vistide® HCMV retinitis in AIDS patients 1996/06/26 Discontinued due to lack of AIDS patients infected 
with HCMV. 

[35] 

Brivudine (RP-101) Zostex® and others VZV, HSV-1 2000/01 Brivudine in once-daily tablets is an important drug 
to treat HSV-1 and VZV. 

[9,10] 

Tenofovir disoproxil fumarate  
(TDF, GS-4331) 

Viread® HIV, HBV 2001/10/26 TDF is an important drug for HIV and HBV 
treatment. 

[23] 

Adefovir dipivoxil (GS-0840) Hepsera® HBV 2002/09/20 Replaced by better drugs (e.g., TDF, TAF) [16] 
Plerixafor (AMD3100) Mozobil® Multiple myeloma,  

non-Hodgkin’s lymphoma 
2008/12/15 Plerixafor is mostly reserved for patients who fail 

stem cell mobilization by conventional therapies  
[2]. 

[28,29] 

Tenofovir alafenamide (TAF, GS-7340) Vemlidy® HIV, HBV 2016/11/10 TAF has superseded TDF to treat HIV and HBV. [23] 
Rabacfosadine (GS-9219) Tanovea®-CA1 Canine lymphoma 2016/12/09 The first FDA conditionally approved drug for 

canine lymphoma treatment. 
[35] 

*: Only key references (co–)authored by Prof. Erik De Clercq were listed. 
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(Fig. 2a); (iii) brivudine (Zostex®, Zostavir®, Zerpex®, and other brand 
names) for the treatment of HSV-1 and VZV (Fig. 2b); (iv) plerixafor 
(Mozobil®) for the treatment of multiple myeloma and non-Hodgkin’s 
lymphoma in humans (Fig. 3); (v) rabacfosadine (Tanovea®-CA1) for 
the treatment of canine lymphoma (Fig. 4); (vi) cidofovir (Vistide®) for 
the treatment of HCMV retinitis in AIDS patients; (vii) adefovir dipivoxil 
(Hepsera®) for HBV treatment; and (viii) stavudine (Zerit®) for HIV 
treatment. The former six compounds are actively applied in clinical 
practice, while the latter three compounds are currently discontinued 
(Table 1). 

Since the drug discovery and molecular mechanisms of the above 
compounds were reviewed by previous studies [1,2,36–38], this section 
focuses on the clinical applications of six active drugs (tenofovir dis
oproxil fumarate, tenofovir alafenamide, brivudine, valacyclovir, pler
ixafor, rabacfosadine). 

2.1. Tenofovir disoproxil fumarate (TDF) and tenofovir alafenamide 
(TAF) 

Tenofovir is an adenosine nucleotide analogue that actively inhibits 
HIV-1 and HIV-2 – an important discovery that was first reported by the 
research team of Prof. Erik De Clercq [23]. In order to increase the oral 
bioavailability for the development of oral tablets, tenofovir was sub
sequently developed into its oral prodrug, so-called tenofovir disoproxil 
(Fig. 1a) [24,39]. In October 2001, tenofovir disoproxil fumarate (TDF) 
was approved by the U.S. FDA to treat HIV infections. Since then, TDF 
has been widely applied as an anti-HIV backbone in the highly active 
antiretroviral therapy (HAART) for the management of HIV infections 
worldwide. As of today, TDF is integrated as a key element of once-daily, 
fixed-dose, single-tablet regimens: Truvada®, Atripla®, Eviplera®, 
Stribild®, Symfi™, Symfi Lo™, Cimduo™, and Delstrigo™. In these 
regimens, TDF is often combined with either emtricitabine or lam
ivudine plus other compounds [36,37]. However, bone and renal safety 
is the main concern with TDF in clinical practice [40]. 

Fig. 1. Structure and efficacy of TDF and TAF monotherapy in the HBV treatment. (a) TDF and TAF are the prodrugs of tenofovir. (b) Clinical efficacy of TDF and 
TDF in HBV-infected patients treated with either adefovir dipivoxil 10 mg or TDF 300 mg, TAF 25 mg. Efficacy data from phase 3 or 4 trials were summarized 
in Table 2. 
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Tenofovir alafenamide (GS-7340) is another prodrug of tenofovir 
with better antiviral activity and intracellular distribution [41]. 
Compared with TDF, TAF delivers a higher intracellular concentration of 
the active tenofovir-diphosphate into tissues of lymphatic origin, where 
HIV replicates [42–44]. As a result, the dose of TAF 25 mg, which is less 
than one-tenth of TDF 300 mg, potentially leads to the reduced risk of 
renal and bone toxicity in clinical use [45]. As a replacement for TDF, 
TAF is currently added to the fixed-dose, single-tablet regimens: 
Descovy®, Genvoya®, Odefsey®, Biktarvy®, and Symtuza®. A meta- 
analysis reveals that TAF- and TDF-containing regimens share similar 
tolerability, safety, and effectiveness in treatment-naïve and treatment- 
experienced patients infected with HIV-1 [45]. However, TAF- 
containing regimens showed advantages in renal functions, bone min
eral density parameters, and lipid profiles [46]. 

In the treatment of chronic HBV infections, TDF and TAF are rec
ommended as the preferred first-line monotherapy according to the 
practice guidance from the American Association for the Study of Liver 
Diseases (AASLD) and the European Association for the Study of the 
Liver (EASL) [47,48]. Both TDF and TAF induce little to no risk for drug 
resistance mutations in HBV viruses [49]. Based on phase 3 and 4 
clinical trials, Table 2 summarizes the clinical efficacy of the TDF and 
TAF monotherapy in treatment-naïve patients infected with HBV. Given 
the clinical endpoint of HBV DNA < 69 IU/mL (equivalent to 400 
copies/mL) at week 48, TDF 300 mg showed significant advantages over 
adefovir dipivoxil 10 mg (87.5% versus 15.3% in HBeAg-positive pa
tients, 82.3% versus 61.2% in HBeAg-negative patients). When the 

clinical endpoint was defined by HBV DNA < 29 IU/mL (equivalent to 
169 copies/mL) at week 48, the clinical efficacy was comparable be
tween TDF 300 mg and TAF 25 mg (67% versus 64% in HBeAg-positive 
patients, 93% versus 94% in HBeAg-negative patients) (Fig. 1b). Ac
cording to the 108 and 110 clinical trials, TAF with better bone and renal 
safety could be an alternative to TDF in the treatment of HBV infections 
[50,51]. A switch from TDF to TAF in virologically suppressed patients 
with chronic HBV is safe and effective because of the improvement of 
TDF-associated renal and bone abnormalities [52]. 

2.2. Valacyclovir 

Valacyclovir (alternative name: valaciclovir) was first described by 
Leon Colla, Erik De Clercq, Roger Busson, and Hubert Vanderhaeghe in 
1983 [14]. As a purine nucleoside analogue that inhibits viral DNA 
replication, valacyclovir was modified from acyclovir by adding the L- 
valyl ester (Fig. 2a) to improve the oral bioavailability of acyclovir [14]. 
Of note, the metabolism of acyclovir in the liver is poor and up to 90% of 
acyclovir is directly excreted by renal clearance with the plasma elimi
nation half-life <5 h [53]. Acyclovir is commonly administered five 
times per day in an intravenous form because of its low bioavailability 
(15% to 30%) [54]. Intravenous formulations of acyclovir are often 
unavailable or unaffordable in resource-limited settings; therefore, the 
oral tablets of valacyclovir can be an alternative to acyclovir [55]. 
Despite the advantage of oral administration, the high-dose valacyclovir 
should be closely monitored regarding renal functions and neurological 

Fig. 2. Chemical structures of acyclovir, valacyclovir, brivudine, adefovir dipivoxil, cidofovir, and stavudine.  
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side effects [56]. In June 1995, the oral tablet of valacyclovir was 
approved by the U.S. FDA to treat cold sores, genital herpes, herpes 
zoster, and chickenpox according to the label instructions. 

The efficacy and safety of valacyclovir versus acyclovir were evalu
ated by many randomized placebo-controlled studies. As summarized in 
Table 3, valacyclovir significantly reduced the rates of HSV recurrence 
in patients with either recurrent cold sores [57], recurrent genital herpes 
[58,59], newly diagnosed genital herpes [60], or recurrent anogenital 
herpes coinfected with HIV [61]. When the efficacy outcome was 
measured by the number of days from treatment initiation to complete 
cessation of all signs and symptoms (including aborted lesions), vala
cyclovir and acyclovir offered comparable efficacy in the treatment of 
herpes zoster [62,63] and (initial or recurrent) genital herpes [64,65]. 
Adverse events of valacyclovir were similar to that of acyclovir [63]. In 
addition to its application against HSV and VZV, valacyclovir may also 
have the potential to prevent or treat HCMV infections in (i) immuno
competent critically ill adults [66], (ii) kidney-pancreas EBV-seronega
tive kidney recipients [67], and (iii) women who wish to continue their 
pregnancy [68,69]. In 2018, valacyclovir was ranked as the 140th most 
commonly prescribed medication with nearly five-million total pre
scriptions in the USA (https://clincalc.com). 

2.3. Brivudine (RP-101) 

The first description of brivudine (Fig. 2b) as a selective antiviral 
agent against HSV-1 was provided by Erik De Clercq et al. [9]. The long 
journey of brivudine development was described by previous reviews 
[37,70,71]. As a thymidine nucleoside analogue, brivudine is phos
phorylated into its 5′-triphosphate form by virus-encoded thymidine 
kinases and cellular kinases; subsequently, the brivudine 5′-triphosphate 
competes with the natural substrate of viral DNA polymerases and 
blocks the viral DNA replication and transcription [72]. Since the first 
approval in 2000, brivudine has been licensed to treat herpes zoster 
under different brand names such as Zostex® (Germany, Turkey, China), 
Zerpex® (Belgium), and Zostavir® (Czech Republic, Greece). In addition 
to its approved applications, brivudine has the potential to treat Eps
tein–Barr virus encephalitis [73,74] and pancreatic cancer [75], but it 
offers little to no inhibition against HSV-2 and HCMV [70]. Importantly, 
brivudine should not be co-administered with 5-fluorouracil or related 
substances, because the degradation product of brivudine may increase 
the toxicity of 5-fluorouracil that causes severe symptoms [70]. 

Clinical efficacy and safety of brivudine have been evaluated by 
double-blind, randomized studies [76,77]. In a randomized study of 
2027 immunocompetent patients ≥ 50 years with herpes zoster, brivu
dine (125 mg, once daily) or famciclovir (250 mg, three times per day) 
was orally administered for 7 days and the primary outcome was defined 

Fig. 3. Structures and efficacy of plerixafor plus G-CSF. (a) Structures of plerixafor and G-CSF (PDB: 2D9Q). (b) Clinical efficacy of plerixafor and G-CSF in the 
treatment of non-Hodgkin’s lymphoma and multiple myeloma. Efficacy data from phase 3 studies were summarized in Table 4. 
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by the postherpetic neuralgia – at least moderate pain after the treat
ment initiation for ≥ 3 months [76]. Brivudine and famciclovir offered 
similar efficacy in the treatment of herpes zoster regarding the preva
lence of postherpetic neuralgia (11.1% versus 9.2%, p-value = 0.17), the 
duration of postherpetic neuralgia (46.5 versus 58 days, p-value = 0.54), 
and the time from treatment initiation to the last vesicular eruption 
(40.5 versus 41.0 days, p-value = 0.91) [76]. In a phase 3 study of 1227 

immunocompetent adults with herpes zoster, the monotherapy of bri
vudine (125 mg, once daily) and acyclovir (800 mg, five times per day) 
was orally administered for 7 days [77]. Both the intent-to-treat and the 
per-protocol analyses suggested that the time to the last eruption of 
herpes zoster vesicles was much shorter in the brivudine group than in 
the acyclovir group (p-value < 0.02) [77]. In a retrospective study of 89 
immunocompetent acute patients with herpes zoster, acute pain in 

Fig. 4. Development and clinical efficacy of rabacfosadine in clinical trials. (a) Development of rabacfosadine from the PMEG. (b) Clinical efficacy of rabacfosadine 
in the treatment of canine lymphoma. Efficacy data were summarized in Table 5. 

Table 2 
Clinical efficacy of TDF and TAF in phase 3 and 4 studies of treatment-naïve patients infected with HBV.  

Disease Clinical trial Clinical endpoint Treatment Clinical efficacy Ref. 

HBeAg-positive HBV Trial 0103 (phase 3) HBV DNA < 69 IU/mL at 48w TDF 300 mg 67% (177/176) [137] 
Adefovir 10 mg 12% (11/90) [137] 

NCT01300234 (phase 3) HBV DNA < 69 IU/mL at 48w TDF 300 mg 76.7% (79/103) [138] 
Adefovir 10 mg 18.2% (18/99) [138] 

NCT01937806 (phase 3) HBV DNA < 69 IU/mL at 48w TDF 300 mg 84.9% (79/93) [139] 
Besifovir 150 mg 80.9% (76/94) [139] 

NCT00736190 (phase 4) HBV DNA < 69 IU/mL at 48w TDF 300 mg 70% (37/53) [140] 
Trial 110 (phase 3) HBV DNA < 29 IU/mL at 48w TDF 300 mg 67% (195/292) [50] 

TAF 25 mg 64% (371/581) [50]  

HBeAg-negative HBV Trial 0102 (phase 3) HBV DNA < 69 IU/mL at 48w TDF 300 mg 71% (177/250) [137] 
Adefovir 10 mg 49% (61/125) [137] 

NCT01300234 (phase 3) HBV DNA < 69 IU/mL at 48w TDF 300 mg 96.8% (149/154) [138] 
Adefovir 10 mg 71.2% (109/153) [138] 

NCT00736190 (phase 4) HBV DNA < 69 IU/mL at 48w TDF 300 mg 100% (37/37) [140] 
Trial 108 (phase 3) HBV DNA < 29 IU/mL at 48w TDF 300 mg 93% (130/140) [51] 

TAF 25 mg 94% (268/285) [51]  
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severe cases was significantly reduced on day 3 in the brivudine group, 
suggesting that once-daily brivudine could be a favorable choice to 
control pain earlier in patients with severe herpes zoster [78]. 

2.4. Plerixafor (AMD3100) 

Plerixafor (AMD3100) is a CXCR4 antagonist with an azamacrocycle 
consisting of two cyclam rings bridged by a 1,4-phenylenebis(methy
lene) linker (Fig. 3a). Plerixafor was initially discovered as an anti- 
HIV agent by Prof. Erik De Clercq et al. [28], but its HIV application 
was discontinued primarily due to the lack of oral bioavailability [79]. 
Subsequent studies suggested that plerixafor plus granulocyte-colony 
stimulating factor (G-CSF) enhanced the mobilization of hematopoiet
ic stem cells to the peripheral blood for the collection of peripheral 
CD34 + hematopoietic cells [80,81]. Notably, plerixafor blocks the 
chemokine binding pocket of CXCR4 and inhibits the binding of CXCR4 
to its specific chemokine called C-X-C motif chemokine 12 (CXCL12), 
thereby enhancing the migration of hematopoietic stem cells to the 
peripheral blood [82]. 

On 15 December 2008, the U.S. FDA approved the clinical use of 
plerixafor plus G-CSF for the mobilization of hematopoietic stem cells in 
cancer patients with multiple myeloma or non-Hodgkin’s lymphoma 
[2]. According to the label instructions, cancer patients should receive 
G-CSF once daily for four days before apheresis sessions, and take 
plerixafor plus G-CSF for another four days during the peripheral stem 
cell collection (subcutaneous injection of plerixafor plus G-CSF should 
be approximately 11 h before the apheresis). The clinical efficacy of 
plerixafor plus G-CSF was summarized in Table 4 based on three phase 3 
clinical trials [83–85]. In patients with multiple myeloma, the clinical 
efficacy (defined by the collection of ≥ 2 × 106 CD34 + cells/kg within 4 
apheresis sessions) was higher in the plerixafor plus G-CSF group 
(75.7%, 112/148) than the placebo plus G-CSF group (51.3%, 79/154) 
[85]. In patients with non-Hodgkin’s lymphoma, the clinical efficacy 
(defined by the collection of ≥ 5 × 106 CD34 + cells/kg in ≤ 4 apheresis 

sessions) was much higher in the plerixafor plus G-CSF group (60%, 
120/200) than the placebo plus G-CSF group (19.7%, 39/198) [83,84]. 
Common adverse events included diarrhea, nausea, fatigue, and injec
tion site reactions. 

In addition to its approved applications for multiple myeloma or non- 
Hodgkin’s lymphoma, plerixafor has also been considered for the 
treatment of many diseases such as warts, hypogammaglobulinemia, 
infections, and myelokathexis (WHIM) syndrome [86], glioblastoma 
[87], colorectal and pancreatic cancer [88], leukemia [89], and sickle 
cell disease [90]. Further clinical trials are needed to evaluate these new 
applications. 

2.5. Rabacfosadine (GS-9219) 

Rabacfosadine (GS-9219, VDC-1101) is the first drug approved for 
the treatment of canine lymphoma - one of the most common cancers in 
dogs. Similar to non-Hodgkin’s lymphoma in humans, canine lymphoma 
is a naturally occurring cancer that accounts for 7% to 24% of all canine 
cancers [91]. Rabacfosadine is a double prodrug of the acyclic nucleo
tide phosphonate of 9-(2-phosphonylmethoxyethel) guanine (PMEG, 
Fig. 4a). In an early study of Erik De Clercq et al. [35], PMEG was 
originally reported as an antiviral compound against HCMV, HSV-1, and 
VZV. Due to its high toxicity in humans [92], PMEG was further 
developed into its intracellular prodrug with a phosphonamidate moiety 
for the treatment of lymphoma in dogs [3,93]. In December 2016, 
rabacfosadine (brand name: Tanovea®-CA1) was conditionally 
approved by the U.S. FDA. According to the label instructions, rabac
fosadine should be administered as a 30-minute intravenous infusion at 
a dose of 1 mg/kg every 21 days for up to 5 doses. Adverse events can be 
managed by reducing doses from 1 mg/kg to 0.8 mg/kg, 0.6 mg/kg, or 
dose delays. 

The efficacy and safety of rabacfosadine have been reported by 
several clinical studies in dogs [94–97]. The clinical efficacy of rabac
fosadine was often measured by the overall response rate of dogs 

Table 3 
Clinical efficacy of valaciclovir as suppressive therapy of HSV infections.  

Disease Virus Primary outcome Treatment Efficacy Ref. 

Recurrent cold sores HSV-1 Cold sore lesion-free for 3 weeks Valaciclovir 2 g twice daily for 1 day 43.8% (267/609) [57] 
Placebo 36.6% (223/609) 

Recurrent genital herpes HSV-2 HSV recurrence-free for 16 weeks Valaciclovir 500 mg once daily for 16w 69% (199/288) [58] 
Placebo 9.5% (9/94) 

Recurrent genital herpes HSV-1, HSV-2 HSV recurrence-free for 16 weeks Valaciclovir 500 mg once daily for 16w 72% (116/161) [59] 
Famciclovir 250 mg twice daily for 16w 66% (105/159) 

Newly diagnosed genital herpes HSV-2 HSV recurrence-free for 24 weeks Valaciclovir 1 g once daily for 24w 64.7% (165/255) [60] 
Placebo 46.1% (59/128) 

Genital herpes HSV-2 HSV transmission for 32 weeks Valaciclovir 500 mg once daily for 32w 1.9% (14/743) [141] 
Placebo 4.2% (31/741) 

Recurrent anogenital herpes in HIV adults HSV HSV recurrence-free for 48 weeks Valaciclovir 500 mg twice daily for 48w 82% (291/355) [61] 
Acyclovir 400 mg twice daily for 48w 78% (272/349)  

Table 4 
Clinical efficacy of plerixafor in cancer patients with multiple myeloma or non-Hodgkin’s lymphoma.  

Disease Treatment Primary outcome* Efficacy Phase 3 study Ref. 

Multiple myeloma Plerixafor plus G-CSF ≥2 × 106 CD34 + cells/kg 141/148 (95.3%) Study 3102 [85] 
≥6 × 106 CD34 + cells/kg 112/148 (75.7%) 

Placebo plus G-CSF ≥2 × 106 CD34 + cells/kg 136/154 (88.3%) 
≥6 × 106 CD34 + cells/kg 79/154 (51.3%)  

non-Hodgkin’s lymphoma Plerixafor plus G-CSF ≥2 × 106 CD34 + cells/kg 130/150 (86.7%) Study 3101 [83] 
44/50 (88%) NCT01767714 [84] 

≥5 × 106 CD34 + cells/kg 89/150 (59.3%) Study 3101 [83] 
31/50 (62%) NCT01767714 [84] 

Placebo plus G-CSF ≥2 × 106 CD34 + cells/kg 70/148 (47.3%) Study 3101 [83] 
33/50 (66%) NCT01767714 [84] 

≥5 × 106 CD34 + cells/kg 29/148 (19.6%) Study 3101 [83] 
10/50 (20%) NCT01767714 [84] 

*: Peripheral stem cell collection was conducted within 4 apheresis sessions. 
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experiencing either partial responses or complete responses during the 
post-treatment period [94–97]. In the treatment of T-cell lymphoma 
using the 1 mg/kg dose of rabacfosadine, the clinical efficacy was 47% 
(8/17) and 50% (2/4) in the treatment-naive and treatment-experienced 
dogs, respectively (Fig. 4b). In the treatment of B-cell lymphoma using 
the 1 mg/kg dose of rabacfosadine, the clinical efficacy was 97% (29/ 
30) and 77% (24/31) in the treatment-naive and treatment-experienced 
dogs, respectively (Table 5). After the treatment of rabacfosadine 
monotherapy, the progression-free interval was much longer in B-cell 
lymphoma dogs (median: 132 days) than T-cell lymphoma dogs (me
dian: 14 days) [97]. Despite its approval to treat canine lymphoma, 
rabacfosadine is currently not pursued to treat human diseases. 

3. A triangle team of chemists, virologists, and entrepreneurs for 
antiviral drug discovery 

Drug discovery of nucleos(t)ide antiviral analogues is the most 
important scientific achievement of Prof. Erik De Clercq, which was 
forged by a triangle team (Fig. 5): Prof. Antonín Holý (a chemist), Dr. 
John C. Martin (an entrepreneur), and Prof. Erik De Clercq (a medical 
doctor and virologist) [98]. Similar to the triangle offense in NBA 
basketball, a triangle team is productive and stable for successful drug 
discovery. 

Prof. Antonín Holý, known for his extraordinary skills to synthesize 
nucleos(t)ide analogues, was a brilliant and hard-working chemist from 
the Institute of Organic Chemistry and Biochemistry (IOCB) of the 
Academy of Sciences of the Czech Republic. Back in the 1970s, syn
thesizing nucleos(t)ide analogues in Prague was quite a challenge and 
Prof. Antonín Holý had to milk an African snake to get fresh snake 
venom that could be used to extract enzymes for nucleotide analytical 
chemistry [98]. After their first conference meeting in 1976, Prof. Erik 
De Clercq sent precious reagents to Prof. Antonín Holý. In return, Prof. 
Antonín Holý sent new compounds to have them evaluated for their 
antiviral activities by the research laboratory of Prof. Erik De Clercq 
who, at that time, had established systems to test antiviral activities of 
more than 10 viruses. When their collaborations suddenly met the 
emergence of AIDS/HIV in 1983, their significant discoveries of nucleos 
(t)ide inhibitors to block HIV reverse transcriptase attracted great 
attention worldwide [16,35,99–102]. 

Although Prof. Antonín Holý and Prof. Erik De Clercq dreamed of 
applying their compounds to cure HIV infections, it was beyond their 
budgets to buy an expensive ticket that pipelined their promising com
pounds into human clinical trials. The mere hope of prioritizing their 
compounds into human clinical trials almost faded away after many 
rejections from big companies such as Janssen Pharmaceutica and 
Bristol-Myers Squibb. The critical piece of this dream might have never 
been assembled without the devotion of Dr. John C. Martin – a brilliant 
chemist and decisive entrepreneur who is known as the former chairman 

and CEO of Gilead Sciences. Dr. John C. Martin earned his Ph.D. in 
organic chemistry from the University of Chicago, an MBA degree from 
Golden Gate University, and a bachelor’s degree in chemical engineer
ing from Purdue University. As soon as the AIDS/HIV outbreak was 
reported in the USA, he was enthusiastic to find a potential cure. During 
his tireless research, Dr. John C. Martin believed in the anti-HIV nucleos 
(t)ide analogues from Prof. Antonín Holý and Prof. Erik De Clercq. To 
prioritize these compounds in human clinical trials, Dr. John C. Martin 
made a critical decision in 1990 to leave Bristol-Myers Squibb and to 
join Gilead Sciences – a small company with only 15 staff members at 
that time. To ensure the success of antiviral nucleotide compounds, Dr. 
John C. Martin persistently flew from the USA to meet Prof. Erik De 
Clercq in Leuven and Prof. Antonín Holý in Prague countless times 
during the 1980s and 1990s. Later on, their life-long friendship paved 
their success in the development of FDA-approved compounds including 
tenofovir disoproxil fumarate, tenofovir alafenamide, adefovir dipivoxil, 
cidofovir, and rabacfosadine, which were all licensed to Gilead Sciences. 

On 16 July 2012, Prof. Antonín Holý passed away at the age of 75 
years because of Parkinson’s disease and its complications. However, his 
legacy will continue with the new generation of his young students and 
chemists (e.g., Dr. Tomas Cihlar, the co-developer of remdesivir and the 
vice president of virology at Gilead Sciences). For more than 30 years, 
the close friendship of Dr. John C. Martin with our esteemed professor 
continues and no matter how busy they are, it has become a tradition for 
them to meet every year. More anecdotes of the triangle team can be 
found in an informative book written by Renilde Loeckx [98]. 

4. The life-long passion for teaching and research 

Interest is the best teacher. Here, we summarize two important in
terests of Prof. Erik De Clercq, teaching and research, that drive his life- 
long achievements in the past decades. Milestone events of Prof. Erik De 
Clercq are visualized by Figs. 6 and 7. 

4.1. Teaching 

The first life-long passion of Prof. Erik De Clercq is teaching – an 
amazing hobby that was cultivated by family education during his 
teenage years. Prof. Erik was born in a middle-class family in Hamme, a 
village located in the East Flanders of Belgium. As a single son in the 
family, he received great attention from his parents. His father, Polydoor 
Joseph Henri De Clercq (1 November 1911 to 21 December 2001), had 
to work in a fertilizer factory during the day. Therefore, his mother, 
Celina Ludovica Van den Broeck (5 April 1912 to 8 February 1991), 
played a significant role in family education. In the 1940s, higher edu
cation at that time was not considered as very important as today 
because a university degree was not required by most jobs during and 
after the Second World War. Mrs. Celina, however, was an extraordinary 

Table 5 
Clinical efficacy of rabacfosadine in dogs.  

Disease Treatment & Subjects Clinical efficacy* Ref. 

T-cell lymphoma 1 mg/kg Treatment-experienced dogs 50% (2/4) [95] 
1 mg/kg Treatment-naive dogs 43% (3/7) [95] 
1 mg/kg Treatment-naive dogs 50% (5/10) [94] 
0.82 mg/kg Treatment-naive dogs 50% (2/4) [94]  

B-cell lymphoma 1 mg/kg Treatment-experienced dogs 77% (24/31) [96] 
0.82 mg/kg Treatment-experienced dogs 69% (11/16) [96] 
1 mg/kg Treatment-naive dogs 97% (29/30) [94] 
0.82 mg/kg Treatment-naive dogs 100% (11/11) [94]  

Non-Hodgkin’s lymphoma 0.66 mg/kg Treatment-naive dogs# 67% (2/3) [97] 
0.82 mg/kg Treatment-naive dogs# 50% (2/4) [97] 

&: A 30-minute intravenous infusion of rabacfosadine was administered once every 3 weeks for 5 doses 
*: Clinical efficacy was defined by the overall response rate of dogs experiencing either partial responses or complete responses during the post-treatment period. 
#: Previous treatment was allowable with ≥ three-week washouts from the most recent therapy. 
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mother who actually had an early vision of cultivating a medical doctor 
and strictly required her son to fully focus on the study since his first day 
in school. Unavoidably, her son became the first in the whole family who 
has ever entered the university and was always scored 1st in his class 
from primary school to university. 

The parents’ example set up a good model during the teenage years 
of Prof. Erik De Clercq. As a skillful tailor, his mother trained many 
young apprentices (14 to 18 years old) in her dressmaker workshop on 
the first floor of the cramped house. Because no machine was used at 
that time, the manual tailoring required hard work from the early 

morning till the sunset. More often than not, there was no time even for a 
lunch break. Furthermore, teaching young apprentices requires patience 
and teaching skills – a gift which passed on from his mother to Erik. 
Although no outdoor games or parties were allowed by his mother, Erik 
even at the age of 5 or 6 found great amusement to teach young maids 
how to memorize the names of capitals from >100 countries worldwide, 
which somehow reflected his photographic memory. This teaching 
experience, which seemed an unrelated and unimportant event of Prof. 
Erik De Clercq in his early life, added much amusement to his “boring” 
study time and self-confidence to teach in front of people. In one of his 

Fig. 5. Approved antiviral drugs and the triangle team. (a) A gallery of approved antiviral drugs from the left to the right: Vistide®, Viread®, Truvada®, Atripla®, 
Complera®, Eviplera®, Stribild®, Biktarvy®, Genvoya®, Odefsey®, Vemlidy®, and Descovy®. (b) The triangle team was forged by Dr. Antonín Holý, Dr. Erik De 
Clercq, and Dr. John C. Martin. Due to the limited space, we apologize for not listing all team members. 
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publications, our revered professor made a beautiful summary of this 
teaching hobby as follows: “I was not born to be a researcher (or “sci
entist”), but born to be a teacher (or “professor”). What I learned from 
my parents were the virtues of hard-working, perseverance, honesty, 
and enthusiasm” [103]. 

Started as an amusement during his teenage years, teaching was later 
growing into a life-long hobby of Prof. Erik De Clercq. Since the 
beginning of his academic career, he has consistently fulfilled teaching 

duties at his busy or difficult times even after retirement. From 1972 to 
2009, Prof. Erik De Clercq and Prof. Marcel Joniau joined their efforts to 
teach a course called Biochemistry to medical students at the Kortrijk 
campus of KU Leuven for 37 years [103]. Since 2007, his voluntary 
teaching of the course of “Biochemistry at the Service of Medicine” to 
undergraduate and graduate students from the University of South 
Bohemia has lasted for more than 10 years till today. Of note, this special 
teaching arrangement could not be managed without the support and 

Fig. 6. Milestone events of Prof. Erik De Clercq from 28 March 1941 to 1990.  
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dedication from Prof. Dr. Libor Grubhoffer. During this COVID-19 
pandemic, our esteemed professor even fulfilled his teaching duty 
through online teaching and his teaching videos are freely shared online 
(www.virusface.com). 

As the students of Prof. Erik De Clercq, we, fortunately, undertook his 
COVID-19 courses and followed his generous instructions on many 
studies [1,2,36,104–111]. During the COVID-19 pandemic, our 

professor and our team quickly responded to the emerging infectious 
disease. On 10 February 2020, we presented a detailed overview of 
therapeutic options against COVID-19 in Nature Reviews Drug Discov
ery [109]. Despite the quick spread of COVID-19 in February 2020, our 
professor traveled to the University of South Bohemia in České 
Budějovice and fulfilled his teaching duty in giving final examinations to 
his bachelor and master students. To prepare research articles in time, 

Fig. 7. Milestone events of Prof. Erik De Clercq from 1990 to 2020.  
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many important comments were communicated through international 
telephone calls. After the oral communication with our professor, we 
reached a common sense that human immune responses can be activated 
to fight against COVID-19. This idea led to our publication of IgG and 
IgM antibody seroconversion in asymptomatic and symptomatic pa
tients infected with SARS-CoV-2 [107]. Given the early outbreak of 
COVID-19 in February 2020, our professor advised us to publish a 
clinical study that characterized the clinical features of older and 
younger patients infected with SARS-CoV-2 [108]. Based on over
whelming news and clinical experience[112], we noticed that many 
elderly males died of COVID-19, but the mortality causes remained 
unclear. With the support of our esteemed professor, we presented a 
multi-country survey of COVID-19 to characterize mortality-associated 
factors in elderly males with comorbidities [111]. In addition to 
remdesivir and dexamethasone, many strategies are still under devel
opment to treat COVID-19 [113–127]. 

In the past five decades, the life-long teaching of Prof. Erik De Clercq 
has cultivated young generations with more than 5000 students 
worldwide. Perhaps, the teaching itself brings him not only the happi
ness to share his profound knowledge, but also the proudness to guide 
many of his young students who embark on a bright future and establish 
their reputation worldwide. The importance of teaching could be sum
marized by our beloved professor as follows: “teaching and research are 
complementary in that they cross-fertilize each other: teaching helps to 
resolve problems that could help in successfully planning research, and 
research should help formulating how to teach” [103]. 

4.2. Antiviral research 

Antiviral research is the second life-long passion of Prof. Erik De 
Clercq. This passion was profoundly enriched by his mentors (Prof. Piet 
De Somer, Prof. Thomas Charles Merigan), collaborators (e.g., Prof. 
Antonín Holý, Dr. John C. Martin), and students (e.g., Dr. Rudi Pauwels, 
Prof. Masanori Baba, Prof. Piet Herdewijn, Prof. Peter Cherepanov, Prof. 
Dominique Schols, Prof. Zeger Debyser, Prof. Johan Neyts, Prof. Chris
tophe Pannecouque, Prof. Graciela Andrei, Prof. Robert Snoeck, Prof. 
Lieve Naesens, and Prof. Dirk Daelemans). 

Prof. Piet De Somer, an exceptional master of emotional intelligence, 
was a talented physician, professor, and entrepreneur who determined 
the career path of Prof. Erik De Clercq. Prof. Piet De Somer is known for 
his development of polio vaccines and the mass production of penicillin 
discovered during the Second World War. As soon as Prof. Piet De Somer 
saw the talents of his pupil Erik in the fourth year of his M.D. studies in 
1963, he offered his pupil to join his team, but his offer was refused by 
an ambitious medical student at that time. One year later, Prof. Piet De 
Somer made another offer to his favored student during an oral exam 
when students were anxious to answer difficult questions from pro
fessors. Prof. Piet De Somer used his magic skills to persuade Erik and 
this time, he succeeded with an unexpected journey of professor-student 
collaborations for 20 years. As soon as Prof. Erik De Clercq joined his lab, 
Prof. Piet De Somer offered his full support. From then on, his pupil 
worked day and night to do research and prepared publications inde
pendently, including two in the Journal of Virology in 1967, published 
in 1968 [4,5]. This was remarkable because, in the 1960s, publications 
were not mandatory for students to graduate and for professors to get 
promotions and funding. When his pupil became knowledgeable and 
passionate about new research areas, Prof. Piet De Somer understood his 
limitations in time and research experience, especially when he became 
the first rector (1968 to 1985) of KU Leuven after the split of the bilin
gual Catholic University of Leuven in 1968. For this reason, he recom
mended his pupil to receive systematic training in cutting-edge research 
in the USA. With the full support of Prof. Piet De Somer, his pupil suc
cessfully applied for Lilly International and Damon Runyon fellowships 
to join the research group of Prof. Thomas Charles Merigan at the 
Stanford Medical Center from 1968 till 1970 [71]. 

Prof. Thomas Charles Merigan, one of the youngest professors from 

Stanford University, was a talented scientist who saw the creativity of 
Dr. Erik De Clercq and gave him all freedom to do any research. Prof. 
Thomas Charles Merigan had the magic to seek the beauty of all 
experimental data and enthusiastically motivated his student to publish 
more and more [103]. With positive feedback and encouragement, Dr. 
Erik De Clercq worked more than 16 h per day in the lab and wrote the 
manuscript draft, while his newlywed wife, Lili De Nef, amazingly 
worked as the best team to type the draft using an old-fashioned type
writer [103]. Sometimes, a manuscript could be typed throughout the 
whole night. The manuscript could be presented to the desk of Prof. 
Thomas Charles Merigan in the early morning and mailed to a scientific 
journal on the same day (back in the 1960s, manuscripts were submitted 
by mail). As the most hard-working member of the whole team (>10 
students and post-doctors), Erik and his wife Lili worked hard even at 
evenings, weekends, and holidays because the whole lab was fully 
available for him alone. Within two years, their hard work led to 22 
publications (www.virusface.com), including several in Nature 
[128,129], Science [130], Journal of Clinical Investigation [131], and 
Annual Review of Medicine[132]. 

At a certain point, Prof. Piet De Somer was afraid to lose his best 
pupil forever when he realized that Erik and his wife Lili enjoyed their 
life at Stanford. In 1970, he took flights to Stanford twice, and with his 
magic, he successfully persuaded his pupil to return home. It was quite a 
misery for Erik and Lili to leave Stanford, but Prof. Pieter offered all his 
help (technicians and sufficient funding) to make his pupil as happy as 
possible. With the outstanding training at Stanford and the full support 
of the university president, Prof. Erik De Clercq built up his lab to 
explore cutting-edge antiviral research and became a professor in 1975 
at the age of 34 years - one of the youngest professors in the history of KU 
Leuven. From then on, Prof. Piet De Somer let his pupil shine and 
requested no first- or corresponding-author publications. Despite this, he 
would visit the laboratory almost every day and asked his favorite pupil 
about the latest research progress: “And? Did you find anything new, 
anything that could become a drug?” [98]. Prof. Piet De Somer was a 
medical doctor and entrepreneur whose interests were curing diseases 
by developing new drugs or vaccines, while publications, in his opinion, 
were only dessert recipes but not the main course. Until his last day on 
17 June 1985, Prof. Piet De Somer remained the strongest supporter of 
our beloved professor. 

5. Critical lessons learned from Prof. Erik De Clercq 

Apart from his scientific achievements, many lessons could be 
learned from Prof. Erik De Clercq. For young researchers, here, we 
summarize three points: (i) hard work and self-discipline; (ii) a focus on 
research topics; and (iii) a good balance between research and family 
life. 

5.1. Hard work and self-discipline 

Prof. Erik De Clercq’s secret to highly productive publications is hard 
work and a tremendous amount of self-discipline. When our professor 
was a student, he worked day and night in the lab and wasted no time in 
games or bars. When he worked as a professor for decades, he developed 
a habit of wakeup at 6 AM in the early morning and worked in his office 
till 9 PM in the evenings. Unlike most people who may enjoy the 
retirement life with a pension at home, our beloved professor has will
ingly worked as a professor emeritus with duty (no salary) by handling 
peer-reviewing tasks (at least one paper/day), writing single-author 
scientific publications, preparing lectures for students (>30 lectures/ 
year), reading the latest scientific publications (>1000 papers/year), 
and responding to research collaborations worldwide. Although he was 
unfortunately forced to retire at the age of 65 years by the official rule in 
Belgium, there is no rule to stop a free mind to work hard on the eternal 
goal of curing infectious diseases in all human beings. 

An exceptional example to show the hard work of Prof. Erik De 
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Clercq is the reference library. While most researchers require Endnote 
and other software to organize references, Prof. Erik does not require 
any software or computers because he has built a reference library in his 
memory from which he can write down the exact information of refer
ences in his publications. Prof. Erik was born with a photographic 
memory to remember key findings of good publications that he has ever 
read. Most people have already retired or even have reading problems at 
the age of 80 years, but our revered professor keeps on reading publi
cations and publishing single-author reviews thanks to the typing 
assistance of the secretary team at the Rega Institute: Christiane Call
ebaut (now retired), Myriam Cornelis, Inge Aerts, Chantal Biernaux, 
Cathy De Meyer, and Dominique Brabants. Every year, our esteemed 
professor reads thousands of printed papers and keeps practicing by 
writing several review articles. In the repository of the Rega Institute, 
there are more than 10 boxes of papers, documents, and correspon
dences written by his hands. To improve the organization of research 
data and documents, each project has been well organized by a book 
folder with the title and people’s names. In addition to his photographic 
memory of publications, our beloved professor remembers the people’s 
names and the exact date of their first meeting. 

5.2. A focus on research areas 

As Plato’s old saying of “Better a little which is well done, than a 
great deal imperfectly”, a special focus on research is another secrecy of 
Prof. Erik De Clercq. In the past five decades, he has been specifically 
focused on virology and antiviral research. The early interests of Prof. 
Erik were generated by his Ph.D. promoter, Prof. Piet De Somer, in the 
research field of interferons and viral vaccines. After 1976, his research 
switched to antiviral compounds such as nucleoside and nucleotide 
analogues in the collaboration with Dr. Antonín Holý and Dr. John C. 
Martin. Even though Prof. Erik De Clercq also has side projects in can
cers and other areas, antiviral research has remained the major focus of 
his entire career. This provides a lesson for our young researchers that a 
special focus on one research area may lead to a profound experience 
and accumulated advantage. 

5.3. Balance between research and family life 

Success comes with a sacrifice. The entire career of Prof. Erik De 
Clercq has been occupied by scientific research, teaching, and admin
istrative work since he became the director of the Rega Institute in 1986. 
Even though the scientific research brings him much fame and reputa
tion, Prof. Erik De Clercq considered that the happiest moment of his 
entire life was the birthday of his son on 9 May 1975 and the saddest 
moment was the death of his wife, Lili De Nef, on 29 December 2010 due 
to breast cancer. Although he has enjoyed the success of developing 
antiviral drugs, it was a sadness for him to face the last request of his 
wife Lili: “You are a medical doctor who can invent drugs to treat other 
patients, but why cannot you treat my disease? ” In addition to the loss of 
Lili 10 years ago, Prof. Erik was deeply self-blamed for spending insuf
ficient time with his single son, Dr. Rafael De Clercq, who is now a full 
professor of philosophy at the Lingnan University in Hong Kong. Luckily, 
his two beautiful grandsons, Nicolas De Clercq and Lucas De Clercq, 
have brought much sunshine and happiness to his life. Overall, the 
philosophy of “family first, work second” is another lesson from Prof. 
Erik De Clercq. 

6. Conclusions 

In the past decades, the research team of Prof. Dr. Erik De Clercq has 
contributed to the development of many antiviral drugs, and most of 
these compounds are nucleoside and nucleotide analogues against in
fectious diseases such as HIV, HBV, CMV, HSV, VZV, and Ebola 
[133–136]. In addition to his scientific achievements, many useful les
sons such as hard work and self-discipline, a focus on research areas, and 

a good balance between research and family life, could be learned from 
our esteemed professor. With his life-long efforts to teach >5000 stu
dents worldwide, his legacy will also continue in the new generations 
who can carry forward his ambitious dream of curing current and 
emerging infectious diseases in the future. 
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