Respiratory Torque Teno Virus load at Emergency department
visit predicts intensive care unit admission of SARS-CoV-2
infected patients
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Abstract

Background: Accurate prediction of SARS-CoV-2 severity remains a challenge. Torque Teno Virus (TTV), recognized as a
surrogate marker for cellular immunity in solid organ transplant recipients, holds potential for assessing infection outcomes.
Objectives: We investigated whether quantifying T'TV in nasopharyngeal samples upon emergency ward (ED) admission
could serve as an early predictor of SARS-CoV-2 severity. Study design: Retrospective single-center study in the ED of
Saint-Louis Hospital in Paris, France. TTV DNA was quantified in nasopharyngeal swab samples collected for SARS-CoV-2
testing. Results: Among 295 SARS-CoV-2 infected patients, 92 returned home, 160 were admitted to medical wards, and
43 to the intensive care unit. Among 295 SARS-CoV-2 patients, 92 were discharged, 160 hospitalized, and 43 admitted to
the intensive care unit (ICU). Elevated TTV loads were observed in ICU patients (Median: 3.02 log copies/mL, interquartile
range [IQR]: 2.215-3.825), exceeding those in discharged (2.215, [0; 2.962]) or hospitalized patients (2.24, [0; 3.29]) (p=0.006).
Multivariate analysis identified diabetes, obesity, hepatitis, fever, dyspnea, oxygen requirement, and TTV load as predictors of
ICU admission. A 2.91 log 10 copies/mL TTV threshold independently predicted ICU admission. Conclusion: Nasopharyngeal
TTV quantification in SARS-CoV-2 infected patients is linked to the likelihood of ICU admission and might reflect respiratory

immunosuppression.

INTRODUCTION

SARS-CoV-2 infection is associated with a significant rate of severe disease requiring intensive care (1,2).
While various risk factors have been identified (3), severe illness can affect anyone, the potential for severe
illness extends to a broad range of individuals, and reliable individual biological markers to predict unfavor-
able outcomes remain lacking. The severity depends, in particular, on an inefficient and unbalanced immune
response. The severity of the disease is notably influenced by an inadequate and imbalanced immune re-
sponse. Firstly, an insufficient interferon response contributes to uncontrolled SARS-CoV-2 replication (4),
and secondly, an overactive proinflammatory response results in damage to respiratory epithelial cells (5).

Anelloviridae, a family of non-enveloped single-stranded DNA viruses, persistently inhabit various compart-
ments within infected hosts, constituting a significant component of the human virome (6). Torque teno
virus (TTV), belonging to the Alphatorquevirus genus, ranks among the most prevalent anelloviruses in
humans (7). TTV is not associated with any specific disease. However, its presence in blood is indicative
of cellular immune function, and TTV load is currently being investigated in clinical trials for adjusting
immunosuppression in solid organ transplant cases to prevent opportunistic infections and graft rejection.



The respiratory tract stands as a hypothesized primary entry site for initial infection and serves as a frequent
shedding source (8). TTV is detectable in respiratory samples from nearly all individuals. Elevated viral
loads have been correlated with lung impairment in patients with respiratory conditions such as asthma (9)
and linked to respiratory bacterial dysbiosis in lung transplant recipients (10).

Given its affinity for the respiratory mucosa and its connection with cellular immunity, our study aimed to
ascertain whether the assessment of TTV levels in nasopharyngeal samples upon admission to the emergency
ward could serve as a predictive indicator for identifying the potential risk of severe disease in patients infected
with SARS-CoV-2.

METHODS
Patients

We conducted a retrospective, single-center study within the Emergency Department (ED) of Saint-Louis
Hospital (Assistance Publique - Hopitaux de Paris, Paris, France) spanning from March 9th, 2020, to May
6th, 2020. The study encompassed all patients diagnosed with SARS-CoV-2 infections. We categorized the
patients into three groups: (i) individuals with acute respiratory distress syndrome attributed to COVID-19,
who were subsequently transferred to the medical intensive care unit; (ii) patients admitted to a non-intensive
care unit for COVID-19 treatment; and (iii) patients displaying no indications of severity and subsequently
discharged from the hospital. Qualified trained medical or nursing personnel conducted the collection of
nasopharyngeal secretions using standardized methods, employing nylon flocked swabs which were then
placed in 3 ml of Universal Transport Medium (Copan Diagnostics Inc.). The swabs were gently inserted
along the nasal septums into the nasopharynx until a sense of resistance was encountered, as described (11).

TTYV detection and quantification.

TTV DNA was quantified in nasopharyngeal swabbing samples used for SARS-Cov-2 RT-PCR. DNA was
extracted using the QiaSymphony instrument (Qiagen, Hilden, Germany) from 200 pl of Universal Transport
Medium. Quantification was carried out by real-time PCR (TTV R-Gene, bioMérieux, Marcy I’étoile, France)
on an ABI 7500 instrument (ThermoFisher, Waltham, MA) according to manufacturer instructions. The limit
of quantification is 250 copies per mL.

Data collection

All data were retrospectively collected using emergency department clinical records, including demographic
data (age and sex), comorbidities (HIV status, diabetes, hypertension, cancer, hemopathy, graft, obesity,
chronic lung disease, cardiopathy, immunosuppressive treatment, corticoid treatment, chronic renal insuf-
ficiency), clinical signs related to COVID-19 (fever, dyspnea, cough, myalgia, anosmia/ageusia, headaches,
rhinorrhea, fatigue, confusion, discomfort, chest pain and abdominal pain), lymphocyte counts, date of sym-
ptom onset, pulse oximetry (SpO2) at triage.

Ethics

The study was approved by the Institutional Review Board of the French Speaking society for respiratory
medicine — Société de Pneumologie de Langue Frangaise (number CEPRO 2020-014). Data analyses were
conducted using an anonymized database.

Statistical analysis

Results are presented as summary statistics, namely median (interquartile range) or absolute frequency
(percentage) unless specified otherwise. Comparisons between baseline groups were based on the Mann-
Whitney test or the exact Fisher exact test, respectively. Univariable logistic regression models were used
to identify factors associated with Intensive Care Unit (ICU) admission. The log-linearity of TTV load
effect was checked using splines. The discriminatory performance of the TTV load was measured using the
area under the curve (AUC) of the ROC curve, with the optimal cut-off point defined according to the
Youden index. Variables associated with the outcome at the 0.05 level in univariable analyses were included



in a multivariable model on complete cases, with variable selection based on the Akaike criterion (AIC).
Final model was confirmed after multiple imputation by chained equations (MICE) of missing data, with
a predictive mean matching method for quantitative variables and logistic regression models (binomial,
ordinal, or multinomial) for categorical variables (12). Results are presented as pooled Odds Ratio (OR)
from 30 imputed datasets, with 95% confidence intervals (CI). Statistical analyses were performed using R
4.1.1 (hitps://www.R-project.org/ ). All p-values were two-sided and values of 0.05 or less were considered
statistical significant.

RESULTS

Between March 9th and May 6th, 2020, a total of 1370 patients presented at the Emergency Department
(ED) of Saint-Louis Hospital. Out of these, 1364 underwent SARS-CoV-2 testing via PCR, and 370 were
found to have a positive nasopharyngeal sample for SARS-CoV-2. Leftover samples were available for 295
patients, comprising 92 individuals who were discharged to their homes, 160 who were admitted to a medical
ward, and 43 who were admitted to the medical intensive care unit ()ICU.

Patients differed across the different admission groups with regard to age, comorbidities, duration since
the onset of initial symptoms, presence of dyspnea, and requirement for oxygen (Table 1). The TTV load
in nasopharyngeal samples obtained upon ED admission exhibited a notably higher median value among
patients admitted to the ICU (Median: 3.02 log10 copies/mL) compared to those who were discharged home
(2.22) or were admitted to a medical ward (2.24) (p=0.006) (Table 1).

In the univariate analysis, factors such as diabetes, obesity, hepatitis, fever, dyspnea, oxygen requirement,
and TTYV load were identified as predictors of ICU admission. A subsequent multivariate analysis utilizing
model selection based on Akaike’s information criterion (AIC) and incorporating multiple imputation by
chained equations (MICE) yielded the same contributing factors (Table 2).

Analysis of the probability of ICU admission, using splines to alleviate the constraint of log-linearity, exhibited
a plateau characterized by a similar threshold (Figure 1). Employing ROC curve analysis, we established
the optimal cutoff value for TTV load that predicts ICU admission to be 2.91 logl0 copies/mL, yielding a
sensitivity of 0.605 and a specificity of 0.69. This cutoff value was employed to apply the previously selected
multivariate model in predicting ICU admission based on the dichotomization of TTV load. Consequently,
factors such as obesity, hepatitis, time since first symptoms, body temperature, dyspnea, and a TTV load
exceeding 2.91 logyo copies/mL emerged as predictors of ICU admission (Figure 2).

DISCUSSION

Anelloviruses, and Torque Teno virus (TTV) in particular, are now considered potential surrogate markers
of cellular immunity in solid organ transplant recipients. Interestingly, recent reports found that high levels
of TTV in blood are predictive of a poor response to SARS-CoV-2 vaccination in lung and kidney transplant
recipients (13-15).

In this study, we observed that the TTV load in nasopharyngeal samples could predict the need for ICU ad-
mission in patients infected with SARS-CoV-2. We established a threshold value as an independent predictor.
This analysis was conducted during the initial wave of the SARS-CoV-2 pandemic in France and involved
patients who were infected with the virus for the first time. Subsequent to the first wave, point-of-care testing
using nasopharyngeal dry swabs was directly implemented in the emergency ward to enhance patient care
and optimize bed management (16). Consequently, this prevented the possibility of conducting further ana-
lyses on the same sample. It is imperative to corroborate these findings using current SARS-CoV-2 variants
and after SARS-CoV-2 vaccination or prior infection, as well as in the context of other acute respiratory
viral infections.

Prior studies have documented the correlation between the detection and quantification of TTV and viral
respiratory tract infections caused by SARS-CoV-2 and other viruses. In a study conducted before the
COVID-19 pandemic, involving children with acute respiratory diseases, Maggi et al. noted that TTV was
more frequently detected and at higher levels in nasal secretions of patients with bronchopneumonia compared



to those with milder symptoms (8). In an investigation into the respiratory microbiome and virome signatures
associated with the severity of COVID-19 infection, Merenstein et al. discovered that within a week of
admission, anelloviridae were more prevalent and present in higher titers in patients with severe disease
(17). Furthermore, a recent study also observed that viruses from the anelloviridae family were significantly
more abundant in samples from deceased and hospitalized patients in comparison to those from ambulatory
individuals (18). Conversely, in a study that compared TTV plasma loads over a two-week period between
severe and mild-moderate SARS-CoV-2 cases, Solis et al. demonstrated that a TTV DNA load lower than
700 copies/mL was linked to a higher risk of severe COVID-19. However, this association was observed at
a time when lymphocyte counts were notably lower in severe cases during the second week after symptom
onset (19).

Collectively, the growing body of evidence suggests that anellovirus reactivation is linked to an inadequate
cellular antiviral response, and the replication of TTV within the respiratory tract might reflect respiratory
immune deficiency. Detecting and quantifying TTV could serve as markers for predicting the severity of
acute viral respiratory infections.
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Table 1. Patient Characteristics. Data are number of patients with percentage (%) or median with
interquartile range [IQR].

Group 2 Medical Group 3 Discharged
Variable Group 1 ICU N=43 ward N= 160 N=92 p-value
Age 63 [54.5 ;68.5] 66 [54 ;30] 55 [44 ;65.25] <0.0001
Sexe F 15 (34.88 %) 62 (38,75 %) 42 (45.65 %) 0.41
M 28 (65.12 %) 98 (61,25 %) 50 (54.35 %)
Chronic
comorbidities
Diabete (292)! 15 (34.88 %) 37 (23.27 %) 10 (11.11 %) 0.005
Active Cancer 4 (9.3 %) 16 (10.06 %) 8 (8.89 %) 0.95
(292)!
Hemopathy (292)! 8 (18.6 %) 24 (15.09 %) 5 (5.56 %) 0.042
Transplantation 3 (6.98 %) 8 (5.03 %) 3(3.33 %) 0.64
(292)*
Use of 5 (11.9 %) 13(8.28 %) 5 (5.62 %) 0.45
immunosuppressive
Drugs (288)*
Use of corticoide 5 (11.63 %) 13 (8.18 %) 5 (5.56 %) 0.47
(292)*
HIV (292)! 1(2.33 %) 8 (5.03 %) 6 (6.67 %) 0.57



Group 2 Medical

Group 3 Discharged

Variable Group 1 ICU N=43  ward N= 160 N=92 p-value
Pulmonary history 11 (25.58 %) 36 (22.64 %) 12 (13.33 %) 0.14
(292)*
Hearth Disease 23 (53.49 %) 82 (51.57 %) 23 (25.56 %) 0.0001
(292)1
Obesity (287)! 13 (30.95 %) 24 (15.38 %) 11 (12.36 %) 0.023
Dialysis (289)! 4(9.52 %) 21 (13.38 %) 3 (3.33 %) 0.037
Hepatitis (289) 4 (9.52 %) 3 (1.91 %) 3(3.33 %) 0.056
Symptoms
Fever (294)! 37 (86.05 %) 116 (72.5 %) 51 (56.04 %) 0.0009
Dyspnea (294)! 33 (76.74 %) 93 (58.13 %) 32 (35.16 %) <0.0001
Cough (292)! 34 (79.07 %) 103 (65.19 %) 52 (57.14 %) 0.045
Rhinorrhea (286)' 3 (6.98 %) 14 (8.92 %) 6 (6.98 %) 0.84
Myalgia (292)! 17 (39.53 %) 34 (21.38 %) 39 (43.33 %) 0.0006
Anosmia/ Ageusia 10 (25.64 %) 16 (10.46 %) 18 (20.45 %) 0.023
(280)*
Headache (289)! 8 (18.6 %) 10 (6.37 %) 13 (14.61 %) 0.026
Digestive symptoms 12 (27.91 %) 40 (25.32 %) 23 (25.56 %) 0.94
(291)*
Chest pain (291)! 2 (4.65 %) 10 (6.33 %) 10 (11.11 %) 0.29
Confusion (294)1 3 (6.98 %) 13 (8.12 %) 0 (0%) 0.022
Malaise (288) 2 (4.76 %) 9 (5.77 %) 5 (5.56 %) 0.97
Asthenia (189) 27.39 % (26.19 %) 43 (27.39 %) 15 (16.67 %) 0.15
Hemoptysis (293)! 1(2.33 %) 5(3.14 %) 3 (3.3 %) 0.95
Temperature 37.8 [37.35;38.35] 37.5 [36.8;38.1] 37 [36.6;37.9] 0.0008
Spo2 98 [95;100] 100 [95;100] 100 [99;100] 0.0004
Oxygen supply 24 (55.81 %) 76 (47.5 %) 3 (3.26 %) <0.0001
Oxygen volume 223 2 [2;3] 3.5 [2.25;4.75] 0.16
(L)
WBC (10°/L) 7.58 [4.71;9.97] 6.55[4.38;8.46] 5.96[4.59;7.69] 0.24
Lymphocytes 0.95 [0.54;1.24] 0.97 [0.62;1.44] 1.08 [0.79;1.56] 0.10
(10°/1)
TTV Viral Load 3.02 [2.21;3.82] 2.24 [0;3.29] 2.21 [0;2.96] 0.006
(10g10/mL)
Time since first 4 [1;8] 7 [3;10] 7 [3;10] 0.019
symptoms (days)
L (N) number of individuals with available data.
Table 2 . Model predicting ICU admission after MICE and selection
Odds Ratio  95% Confidence Interval p-value

Obesity 2.79 1.23 - 6.32 0.01

Hepatitis 5.69 1.21 - 26.83 0.03

Time since first symptoms  0.92 0.85-10.99 0.03

Fever 2.94 1.12 - 7.73 0.03

Dyspnea 3.42 1.50 - 7.80 0.00

TTV load 1.31 1.08 — 1.57 0.01




Legend

Figure 1. Probability of ICU admission according T'TV load. Probability of ICU admission accord-
ing to TTV load (expressed in logig copies/mL) in nasopharyngeal samples collected at admission in the
emergency ward. The vertical dotted blue line indicates the best cutoff value of TTV load predicting ICU
admission as defined with a ROC curve (with a sensitivity of 0.605 and specificity of 0.69).
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Figure 2. Predictors of ICU admission. Clinical and biological predictors of ICU admission, model
with TTV logl0 dichotomized, based on Youden index predicting ICU admission after selection.



Variable N Odds ratio p
Obesity 259 E —a— 2.88(1.20, 6.76) 0.016
Hepatitis 259 . [ L] i | 8.35(1.57,4561) 0.012
TimeSince1stSymptoms 259 .i 0.92 (0.85, 0.99) 0.049
Temperature 259 g—.—i 1.47 (1.00, 2.17) 0.051
Dyspnea 259 Fg—l—l 2.14 (0.88, 5.53) 0.101
Oxygen 259 ;—I—l 2.22 (1.00, 5.07) 0.053
TTV.above 259 ; —— 2.88(1.35, 6.31) 0.007
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