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ave been vaccinated and provided with personal protective

quipment. 

Similar to Orviz et al. 1 report, most inmates in Yola lived un-

er conditions that could facilitate human-to-human transmission,

nd potentially sexual transmission. However, the living conditions

ould also maintain zoonotic transmission and the actual route

f infection remains conjectural, but difficult to identify while in-

estigating the outbreak in a confined population with high con-

act intensity. It is now well established that the epidemiology of

onkeypox has changed in recent months, with more than 30,0 0 0

ases reported in the four months from May 2022, with cases re-

orted in 82 countries, including countries which historically have

ot reported cases of the virus and more cases reported in coun-

ries that were not traditionally endemic. Although the outbreak

eported here occurred in a West African endemic country, cases in

igeria have also increased in since its re-emergence in 2017, and

urther studies are needed to document changes in its epidemiol-

gy in endemic countries. 
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ear Editor, 

Hagiya and colleagues recently reported a poor humoral im-

une response towards third dose of SARS-CoV-2 mRNA vaccine

n the older Japanese population. 1 This observation highlights that

eneralisation of results obtained from vaccine trials to specific

ubpopulations may be hazardous. People living with HIV (PLWH)

epresent another population poorly represented in large-scale vac-

ine trials. Despite the fact that PLWH are at higher risk of severe

oronavirus disease 2019, 2 immunological data following vaccina-

ion in this population remain sparse. 3–6 

We prospectively evaluated humoral and T-cell immune re-

ponses before (T0) and after (T1) administration of a third dose

f SARS-CoV-2 vaccine, either BNT162b2 or mRNA-1273, in PLWH

ollowed-up at the University Hospital of Liège (Belgium) and in

IV-negative healthcare workers (HCWs). Biological analyses in-

luded quantification of anti-trimeric spike protein specific IgG

anti-S IgG), 50% neutralising antibody titres (NT 50 ) against wild-

ype (WT) and Omicron (BA.1/B.1.1.529) strains, and SARS-CoV-2-

pecific interferon-gamma (IFN- γ ) release using the QuantiFERON

ARS-CoV-2 assay which contains two different pools (Ag1 and

g2) of spike-embedded peptides (Appendix p1-2). We compared

mmune parameters at both timepoints between PLWH and HCWs

sing linear regression models on log 10 -transformed variables. Evo-

ution of the immune parameters was analysed using signed-rank

est for paired observations. Results were contrasted according to

articipants’ prior SARS-CoV-2 infection. All models were adjusted
7. CDC, Clinical Recognition, 2022, CDC https://www.cdcgov/poxvirus/monkeypox/
clinicians/clinical-recognition . 
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Table 1 

Background characteristics of PLWH and HCWs individuals at T0 and T1. 

Variable PLWH at T0 HCWs at T0 p-value PLWH at T1 HCWs at T1 p-value 

(n = 119) (n = 79) (n = 80) (n = 51) 

Male sex 59 (49.6) 13 (16.5) < 0.0 0 01 43 (53.8) 11 (21.6) 0.0 0 03 

Age (Years) 45.2 ± 10.6 43.7 ± 11.5 0.36 45.6 ± 10.7 43.0 ± 10.0 0.18 

18-29 6 (5.0) 7 (8.9) 4 (5.0) 2 (3.9) 

30-39 36 (30.2) 27 (34.2) 24 (30.0) 22 (43.1) 

40-49 36 (30.2) 19 (24.0) 21 (26.2) 13 (25.5) 

50-59 29 (24.4) 17 (21.5) 22 (27.5) 10 (19.6) 

≥60 12 (10.1) 9 (11.4) 9 (11.3) 4 (7.8) 

BMI (kg/m ²) 28.0 ± 5.1 25.1 ± 6.2, n = 76 0.0 0 06 27.5 ± 5.6 25.9 ± 6.9, n = 50 0.13 

Underweight ( < 18.5) 0 (0.0) 2 (2.6) 0 (0.0) 2 (4.0) 

Normal range (18.5-24.9) 34 (28.6) 38 (50.0) 29 (36.2) 22 (44.0) 

Overweight (25-29.9) 50 (42.0) 24 (31.6) 34 (42.5) 17 (34.0) 

Obese ( ≥30) 35 (29.4) 12 (15.8) 17 (21.3) 9 (18.0) 

Ethnicity - - 

Caucasian 45 (37.8) - 34 (42.5) - 

African 69 (58.0) - 41 (51.3) - 

Other 5 (4.2) - 5 (6.2) - 

Medical history 

Diabetes mellitus 8 (6.7) 3 (3.8) 0.53 5 (6.2) 1 (2.0) 0.40 

Hypertension 32 (26.9) 14 (17.7) 0.13 18 (22.5) 7 (13.7) 0.21 

Heart failure coronary artery disease 2 (1.7) 1 (1.3) - 2 (2.5) 0 (0.0) - 

Stroke 2 (1.7) 0 (0.0) - 1 (1.2) 0 (0.0) - 

Liver disease 1 (0.8) 0 (0.0) - 1 (1.2) 0 (0.0) - 

Kidney disease 0 (0.0) 0 (0.0) - 0 (0.0) 0 (0.0) - 

Chronic lung disease 1 (0.8) 0 (0.0) - 1 (1.2) 0 (0.0) - 

Asthma 0 (0.0) 6 (7.6) 0.0036 0 (0.0) 3 (5.9) 0.0028 

Autoimmune disease 1 (0.8) 4 (5.1) 0.083 0 (0.0) 2 (3.9) - 

Hematological cancer 0 (0.0) 4 (5.1) - 0 (0.0) 1 (2.0) - 

Non hematological cancer 9 (7.6) 4 (5.1) 0.74 7 (8.8) 4 (7.8) 1.0 

Solid-organ/cell transplantation 0 (0.0) 0 (0.0) - 0 (0.0) 0 (0.0) - 

Immunosuppressive drugs - - 

Corticosteroids 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Other 1 (0.8) 1 (1.3) 0 (0.0) 0 (0.0) 

Previous SARS-CoV-2 infection (before T0) 

Questionnaire 26 (21.9) 19 (24.0) 0.72 14 (17.5) 15 (29.4) 0.11 

Positive anti-N antibody 50 (42.0) 13 (16.9), n = 77 0.0 0 02 30 (37.5) 10 (20.0), n = 50 0.035 

SARS-CoV-2 experienced ∗ 55 (46.2) 21 (26.6) 0.0054 32 (40.0) 16 (31.4) 0.32 

Previous SARS-CoV-2 infection (before T1) - - - 

Questionnaire - - - 15 (18.8) 18 (35.3) 0.033 

Positive anti-N antibody - - - 40 (50.0) 17 (34.0), n = 50 0.074 

SARS-CoV-2 experienced ∗ - - - 41 (51.2) 22 (43.1) 0.37 

Experienced (between T0 and T1) - - - 9 (11.2) 6 (11.7) - 

First vaccine dose - - 

BNT162b2 mRNA (Pfizer) 101 (84.9) 79 (100.0) 69 (86.2) 51 (100.0) 

mRNA-1273 (Moderna) 8 (6.7) 0 (0.0) 4 (5.0) 0 (0.0) 

ChAdOx1-S (Astra Zeneca) 10 (8.4) 0 (0.0) 7 (8.8) 0 (0.0) 

Second vaccine dose - - 

BNT162b2 mRNA (Pfizer) 100 (84.0) 79 (100.0) 69 (86.2) 51 (100.0) 

mRNA-1273 (Moderna) 9 (7.6) 0 (0.0) 4 (5.0) 0 (0.0) 

ChAdOx1-S (Astra Zeneca) 10 (8.4) 0 (0.0) 7 (8.8) 0 (0.0) 

Third vaccine dose - - 

BNT162b2 mRNA (Pfizer) - - 42 (52.5) 51 (100.0) 

mRNA-1273 (Moderna) - - 38 (47.5) 0 (0.0) 

Time between first and second vaccine dose (weeks) 5.0 (4.0-5.0) 3.0 (3.0-3.1) < 0.0 0 01 5.0 (4.4-5.0) 3.0 (3.0-3.1) < 0.0 0 01 

Time between second vaccine dose and sample at T0 (weeks) 25 (23-28) 24 (24-24) 0.025 25 (23-27) 24 (24-24) 0.014 

Time between second and third vaccine dose (weeks) - - - 27 (25-31) 38 (35-39) < 0.0 0 01 

Time between third vaccine dose and sample at T1 (weeks) - - - 2.4 (3.1-3.9) 4.7 (4.0-8.0) < 0.0 0 01 

Time between T0 and T1 (weeks) - - - 5 (4-6) 19 (18-19) < 0.0 0 01 

HIV infection - - 

HIV-1 118 (99.2) - 79 (98.8) - 

HIV-2 1 (0.8) - 1 (1.2) - 

Prior AIDS diagnosis 45 (37.8) - 27 (33.8) - 

Time at T0 since HIV diagnosis (years) 11 (6-18) - - 11 (6.5-18) - - 

< 1 1 (0.8) - 1 (1.2) - 

1-5 27 (22.7) - 17 (21.3) - 

6-10 26 (21.9) - 17 (21.3) - 

> 10 65 (54.6) - 45 (56.2) - 

Nadir CD4 + T cell count per μL 259 (163-462) - - 292 (166-502) - - 

< 200 39 (32.8) - 25 (31.2) - 

≥200 80 (67.2) - 55 (68.8) - 

Last CD4 + T cell count per μL (2021 or 2022) 680 (546-898) - - 743 (592-940) - - 

< 350 8 (6.7) - 3 (3.7) - 

350-499 17 (14.3) - 11 (13.8) - 

≥500 94 (79.0) - 66 (82.5) - 

CD4/CD8 ratio, n = 117 1.03 ± 0.57 - - 1.1 ± 0.57 - - 

< 0.6 25 (21.4) - 16 (20.0) - 

0.6-1 40 (34.2) - 26 (32.5) - 

> 1 52 (44.4) - 38 (47.5) - 

Last plasma viral load copies/mL < 20 ( < 20- < 20) - - < 20 ( < 20- < 20) - - 

< 50 112 (94.1) - 75 (93.8) - 

Time on ART (years) 10.7 ± 6.6 - 10.7 ± 6.9 - 

Results are expressed as n (%), mean ± SD, or Median (Q1-Q3) as appropriate and p-values of Chi-square or Fisher exact test, ANOVA, or Kruskal-Wallis test respectively. 
∗ : Previous SARS-CoV-2 infection if ‘Yes’ at questionnaire or positive anti-nucleocapsid antibodies. 
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Fig. 1A. Comparison of cellular and humoral immune responses between people living with HIV and HIV-negative healthcare workers before administration of the third 

dose of SARS-CoV-2 mRNA vaccine (T0). 

SARS-CoV-2-specific IFN- γ release for Ag1 (A 1 ), SARS-CoV-2-specific IFN- γ release for Ag2 (A 2 ), Anti-S IgG (A 3 ), neutralising antibody titres against Wild-type variant (A 4 ), 

and neutralising antibody titres against Omicron variant (A 5 ) were measured and compared between PLWH (n = 119) and HCWs (n = 79) who had received two doses of the 

SARS-CoV-2 vaccine. Dots represent subjects, whiskers represent median and IQR, and horizontal dashed line corresponds to the positivity cutoff (IFN- γ > 0.15 IU/mL and 

anti-S IgG ≥ 33.8 BAU/mL were considered positive). Statistics were calculated using adjusted linear regression models on log10-transformed variables. Exact number of 

participants in each group is indicated in Table S1. 

Fig 1B. Evolution of cellular and humoral immune responses following the third dose of SARS-CoV-2 mRNA vaccine in SARS-CoV-2 naïve and experienced PLWH. 

SARS-CoV-2-specific IFN- γ release for Ag1 (B 1 ), SARS-CoV-2-specific IFN- γ release for Ag2 (B 2 ), Anti-S IgG (B 3 ), neutralising antibody titres against Wild-type variant (B 4 ), 

and neutralising antibody titres against Omicron variant (B 5 ) were measured and compared before (T0) and after a third dose (T1) of the SARS-CoV-2 mRNA vaccine among 

PLWH (n = 80), divided into 3 subgroups according to history of SARS-CoV-2 infection (naïve, experienced before T0, and experienced between T0 and T1). Dots represent 

subjects, whiskers represent median and IQR, and horizontal dashed line corresponds to the positivity cutoff (IFN- γ > 0.15 IU/mL and anti-S IgG ≥ 33.8 BAU/mL were 

considered positive). Statistics were calculated using linear regression models on log10-transformed variables. Exact number of participants for each group is indicated in 

Table S5. 

Fig 1C. Comparison of cellular and humoral immune responses between people living with HIV and healthcare workers after administration of the third dose of SARS-CoV-2 

mRNA vaccine (T1). 

SARS-CoV-2-specific IFN- γ release for Ag1 (C 1 ), SARS-CoV-2-specific IFN- γ release for Ag2 (C 2 ), Anti-S IgG (C 3 ), neutralising antibody titres against Wild-type variant (C 4 ), 

and neutralising antibody titres against Omicron variant (C 5 ) were measured and compared between SARS-CoV-2 experienced and naïve PLWH (n = 80) and HCWs (n = 51) two 

to eight weeks after administration of a third dose of the SARS-CoV-2 mRNA vaccine. Dots represent subjects, whiskers represent median and IQR, and horizontal dashed line 

corresponds to the positivity cutoff (IFN- γ > 0.15 IU/mL and anti-S IgG ≥ 33.8 BAU/mL were considered positive). Statistics were calculated using adjusted linear regression 

models on log10-transformed variables. Exact number of participants for each group is indicated in Table S6. 
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f  
or participants and process-related characteristics that had a sig-

ificant univariate impact on at least one variable of interest (Ap-

endix p2). 

119 PLWH and 79 HCWs were enrolled in the study and consti-

uted the study cohort for analysis at T0. Among them, 80 PLWH

nd 51 HCWs completed the whole study and constituted the

tudy cohort for T1 (Fig. S1). Participants’ characteristics are dis-

layed in Table 1 . 84% PLWH and all HCWs received BNT162b2

s first two doses of vaccine. For the third dose, all HCWs and

2.5% PLWH received BNT162b2 and the remaining 47.5% received

RNA-1273. All PLWH except one were infected with HIV-1, with a

edian time since diagnosis of 11 years. All were on antiretroviral

herapy. Among PLWH initially included at T0, median CD4 + T cell
ount was 680/ μL (IQR 546-898) and 7 patients had a viral load

ver 50 copies/mL. 

Overall, before the third vaccine dose (T0), SARS-Cov-2 specific

FN- ɣ production was significantly lower in PLWH than in HCWs

 p < 0.01) ( Fig. 1A , Table S1). In contrast, neutralising antibody

itres (nAbTs) against Omicron were higher in PLWH ( p = 0.01).

nti-S IgG levels and nAbTs against WT were similar between the

wo groups. Considering participants’ history of SARS-CoV-2 infec-

ion, IFN- ɣ production was lower only among SARS-CoV-2 naïve

LWH ( p < 0.01) (Table S1). Also, nAbTs against Omicron were in-

reased only among SARS-CoV-2 experienced PLWH ( p < 0.01). It

s worth noting that sampling at T0 had been performed earlier

or HCWs, before the emergence of Omicron, preventing our HIV-
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negative population from being infected by this specific variant.

Administration of a third dose of the SARS-CoV-2 vaccine elicited a

significant increase in every parameter reflecting immune response

among both HCWs and PLWH ( p < 0.001) ( Fig. 1B , Table S2). Evo-

lution between T0 and T1 of any of the parameters was not sig-

nificantly different between PLWH and HCWs. The proportion of

PLWH with detectable Omicron nAbTs rose from 27.3% to 87.4%

but median nAbT against Omicron remained 8-fold lower than me-

dian nAbT against WT ( p < 0.001). Furthermore, nAbTs against

Omicron and WT were both significantly lower among SARS-CoV-

2 naïve PLWH compared to those previously infected ( p < 0.001).

After three doses of vaccine, we did not find a significant differ-

ence between PLWH and HCWs in any of the immune parameters

investigated (Table S3). However, considering participants’ history

of SARS-CoV-2 infection, IFN- ɣ production was still lower among

SARS-CoV-2 naïve PLWH compared to naïve HCWs ( p < 0.05 and

p < 0.01 for Ag1 and Ag2, respectively), whereas it was similar

between SARS-CoV-2 experienced PLWH and HCWs ( Fig. 1C , Table

S3). Subgroups analyses found no significant difference between

immune responses of HIV-infected individuals according to their

CD4 + T cell count or CD4 + /CD8 + T cell ratio (Table S4, S5). 

Factors impacting the magnitude of immune responses in PLWH

are displayed in Appendix (Table S6to S10). Of interest, SARS-CoV-

2 infection either before T0 ( p < 0.001) or between T0 and T1

( p < 0.05) was associated with higher anti-S IgG titres and nAbTs

against both variants after three doses. Among PLWH specifically,

the magnitude of T-cell-mediated response elicited by the mRNA-

1273 vaccine was more important than that elicited by BNT162b2

vaccine ( p < 0.01). 

Administration of a third dose of SARS-CoV-2 vaccine induced

robust humoral and T-cell immune responses against SARS-CoV-2

in almost all participants. Humoral immune responses were simi-

lar between PLWH and HCWs, both before and after the third dose,

which is in line with recently published data. 4 , 7 Although SARS-

CoV-2 specific IFN- ɣ production increased after the third dose, it

remained significantly lower among SARS-CoV-2 naïve PLWH com-

pared to HCWs. Our data suggest that dysfunction of virus-specific

T cell immunity, which is even found among HIV-positive pa-

tients with undetectable viral load, might lead to a suboptimal

cell-mediated immune response following vaccination, especially

in patients with no history of SARS-CoV-2 infection. In contrast,

hybrid immunity conferred a similar T-cell immune response be-

tween PLWH and HIV-negative individuals. This observation could

be attributed to the development of a distinct population of IFN-

ɣ and IL-10-expressing memory SARS-CoV-2 spike-specific CD4 + T

cells following vaccination of previously infected individuals. 8 

Our results suggest that vaccine boosting enables broad neu-

tralising immunity. 9 Indeed, the third dose elicited the produc-

tion of anti-Omicron nAbTs in almost all participants. However,

anti-Omicron nAbTs remained eight-fold lower compared to those

against WT, which is in line with earlier reports and may reflect a

less effective protection against this variant. 4 , 10 

In conclusion, a third dose of SARS-CoV-2 vaccine considerably

enhanced SARS-CoV-2 specific humoral and cellular immunity in

PLWH. Humoral immune responses were similar between PLWH

and HIV-negative individuals. However, our data raise concerns

about the vaccine’s ability to induce protective T-cell immune re-

sponse among PLWH with no history of SARS-CoV-2 infection. Fur-

ther studies are needed to understand the clinical consequences of

such observations and characterise the potential protective advan-

tage of hybrid immunity in PLWH. 

Fig. 1 was created using BioRender.com. 
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H  
ear Editor , 

We read with great interest the paper that was recently pub-

ished in this journal by Orvis et al. 1 regarding the emerging out-

reak of human monkeypox in Madrid, Spain. According to the

enters for Disease Control and Prevention surveillance, the virus

s reported in 99 countries and territories, with 47,652 confirmed

ases (until August 26, 2022). The DNA-dependent RNA polymerase

DdRp) of poxvirus is a promising drug target for developing

ew chemotherapeutic antiviral drugs against DNA viruses. In this

tudy, the DdRp of the HMV is modeled using its vaccinia virus

s a homolog. After that, we repurposed 29 antiviral drugs on the

quilibrated model (after a 100 ns molecular dynamics simulation

un). The results revealed The effectiveness of the two antiviral

rugs (Norov-29 and bemnifosbuvir) in binding the HMV DdRp ac-

ive site with a comparable binding affinity (-24.26 ±4.43 and -

1.32 ±6.43 kcal/mol) with the positive control, guanosine triphos-

hate (GTP) (-21.03 ±7.55 kcal/mol). These results need further ex-

erimental validation but promising as it was previously tested

linically in other viruses and had good pharmacological profiles.

his may also pave the way for finding new circulating HMV in-

ibitors. 

odeling and simulation dynamics of DdRp 

The model of HMV was built via SWISS-MODEL server 2 based

n the solved structure of the Vaccinia virus elongation complex

PDB ID: 6RID). The predicted model has good quality as judged

y MolProbity analysis. 3 Only 0.4% of residues (five) have phi or

si angles in the generously allowed region and no outliers in the

amachandran plot. In HMV, the active site (D415, D417, and D419)

as predicted in the Rpo147 chain at a β-turn between two he-

ices. 

The structure of the Apo DdRp was subjected to 100 ns molec-

lar dynamics (MD) simulation 

4 run aiming to equilibrate the sys-

em and visit the available conformations of the protein during this

ime domain. 

olecular docking 

The molecular docking of analogs was performed by AutoDock

ina. 2 All active site residues (Asp415, Asp417, and Asp419) were

reated as flexible. The search box was centered at the metal ion of

he active site, and the box dimensions were set to 30 × 30 × 30
˚ . In addition, the exhaustiveness was increased to 256 to account

or the high torsions of the ligands. 5 The other parameters were

ccepted in their default values. 

The average binding affinities of the nucleoside analogs against

he active site of HMV DdRp ranged from −5.92 to −6.59 kcal/mol.

he average scores of the top ten compounds (including the pos-

tive controls; ATP, CTP, GTP, and UTP) are depicted graphically in

ig. 1 . As shown in Fig. 1 ; Valopicitabine, HCV-1, and Bemnifosbu-

ir are the best compounds with average binding affinity values of

6.58 ±0.01 kcal/mol. These three compounds show lower binding

nergies than the four positive controls. At the same time, HCV-2

nd Norov-29 compounds show lower binding energies than ATP,

TP, and UTP (-6.51 ±0.01 kcal/mol). Finally, BMS-986094 shows

ower binding energies than ATP and GTP (-6.48 ±0.08 kcal/mol). 

The detailed interactions established upon docking are listed

n Table 1 . The primary interaction type between the compounds

nd the DdRp is the formation of hydrogen bonds (at least six

-bonds). Additionally, all these drugs establish at least one salt
epurposing antiviral drugs against the human 

onkeypox virus DNA-dependent RNA polymerase; in 

ilico perspective 
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