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Abstract
Background SARS-CoV-2 infection leads to high viral loads in the upper respiratory tract that may be determinant in virus 
dissemination. The extent of intranasal antiviral response in relation to symptoms is unknown. Understanding how local 
innate responses control virus is key in the development of therapeutic approaches.
Methods SARS-CoV-2-infected patients were enrolled in an observational study conducted at the Geneva University Hos-
pitals, Switzerland, investigating virological and immunological characteristics. Nasal wash and serum specimens from a 
subset of patients were collected to measure viral load, IgA specific for the S1 domain of the spike protein, and a cytokine 
panel at different time points after infection; cytokine levels were analyzed in relation to symptoms.
Results Samples from 13 SARS-CoV-2-infected patients and six controls were analyzed. We found an increase in CXCL10 
and IL-6, whose levels remained elevated for up to 3 weeks after symptom onset. SARS-CoV-2 infection also induced CCL2 
and GM-CSF, suggesting local recruitment and activation of myeloid cells. Local cytokine levels correlated with viral load 
but not with serum cytokine levels, nor with specific symptoms, including anosmia. Some patients had S1-specific IgA in 
the nasal cavity while almost none had IgG.
Conclusion The nasal epithelium is an active site of cytokine response against SARS-CoV-2 that can last more than 2 weeks; 
in this mild COVID-19 cohort, anosmia was not associated with increases in any locally produced cytokines.
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Introduction

SARS-CoV-2 replicates primarily in the upper respiratory 
tract, where it is detected at high concentrations before and 
within the first days after symptoms onset and for several 
days or even weeks, depending on disease severity and host 
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immune status [1–3]. A mean duration of SARS-CoV-2 
RNA shedding of 17 days has been reported, with no live 
virus detected beyond 9 days [4]. High viral load is also 
detected in asymptomatic patients [5–7]. ACE2, the main 
receptor of SARS-CoV-2, is expressed specifically within 
the motile cilia of upper airway epithelial cells [6]; expres-
sion gradually decreases when moving to the lower airways 
[8, 9], which may explain why viral load is generally higher 
in the nose than in the oral cavity or lungs [10]. Severe dis-
ease is thought to be due to a migration of the infection to 
the lungs and a dysregulated innate immune response lead-
ing to an excessive inflammatory reactions causing tissue 
damage and, ultimately, multi-organ failure [11, 12]. Effi-
cient early control of viral replication in the upper respira-
tory tract could hamper dissemination to the lower tract and 
thus effect a more rapid resolution of infection.

Despite viral tropism for the upper respiratory tract, 
rhinitis is not often associated with COVID-19 [13], sug-
gesting a limited inflammatory response at this site. The 
fact that asymptomatic infections are commonly observed 
also argues against symptoms driven by the local inflamma-
tory response. In contrast, anosmia (usually combined with 
ageusia) is frequently reported, in particular by patients with 
mild disease and in the absence of other local symptoms, 
and can persist after resolution of other symptoms [13]. The 
mechanism involved in loss of olfactory functions is largely 
unknown and may be the consequence of a SARS-CoV-
2-specific local inflammatory response [14].

A better understanding of the determinants that may 
effectively control the early replication of the virus in the 
nose may help defining strategies to rapidly reduce viral 
load and therefore potentially limit transmission and disease 
complications. As for many respiratory infections, evalua-
tion of the mucosal as well as the systemic response have 
shown the disconnection between them [15, 16]. Although, 
the nature of the excessive inflammatory response associ-
ated with severe disease is well described in blood and lungs 
[11, 17–19], only a few studies have assessed the early local 
response at the primary site of infection in the upper res-
piratory tract [20–26]. These studies focus mainly on severe 
disease underestimating mild disease that represents the 
majority of infected patients and therefore the main source 
of transmission. SARS-CoV-2 induces a robust antiviral 
innate response, characterized by an increase in gene tran-
scripts encoding interferons, interferon-stimulated proteins, 
and pro-inflammatory cytokines and reduced expression of 
genes involved in metabolic pathways. To date, neither the 
kinetics of local innate responses nor their relationship with 
viral shedding and symptom burden have been described. 
It is also unclear whether a robust local response may pre-
vent infection or limit transmission. We report a longitudinal 
analysis of local and blood cytokine responses, viral load, 

antibody response, and symptom burden in patients with 
mild COVID-19.

Methods

Study Design, Setting, and Population

This prospective observational cohort study was nested 
within “Understanding Covid,” an ongoing, single-center 
prospective observational study conducted at the Geneva 
University Hospitals (HUG), Switzerland, to examine early 
virological and early and late immunological responses 
among SARS-CoV-2-infected adults and children, with 
inclusion no more than two days after diagnosis, and 
their household contacts. The study was approved by the 
Geneva Cantonal Ethics Commission (2020-00516); written 
informed consent is required. Further details on the Under-
standing Covid study are available in the online supplement. 
For this nested study, additional inclusion criteria were a 
positive RT-PCR test at the visits that were predefined 
in the protocol, age ≥ 18 years and the ability to undergo 
a nasal wash (NW). Visits were performed by house call 
unless patients were hospitalized and took place from inclu-
sion until symptom resolution, with a maximum of 4 visits 
roughly 7 days apart. Symptoms were reported by patients 
at time of inclusion and at each visit. The following symp-
toms were solicited: fatigue, fever, subjective fever, chills, 
headache, myalgia (systemic); difficulty breathing, cough, 
sore throat (respiratory); anosmia and ageusia. Additionally, 
six healthy controls without symptoms and with negative 
SARS-CoV-2 PCR and serology testing were included for 
one-time NW and serum collection.

Nasal Wash

Nasal wash was performed according to the institutional 
protocol [27, 28] and adapted from previous publications 
[29, 30]. Briefly, 3 ml of NaCl 0.9% are injected in the nose 
for NW and regurgitated. 2 ml are then retrieved and mixed 
with 1 ml of DMEM with 2 × protease inhibitor (Thermo 
scientific, ref 78437) for protein preservation. A concomitant 
oropharyngeal swab was also collected as part of the main 
study.

SARS‑CoV‑2 RNA Quantification

Nucleic acids from NW and oropharyngeal samples were 
extracted individually from 400 µL of each specimen, spiked 
with 20 µL of standardized canine distemper virus as internal 
control [31], using the NucliSens eMAG extraction (BioMé-
rieux, France) kit, according to the manufacturer’s instruc-
tions, and eluted in 50 µL. Quantitative real-time polymerase 
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chain reaction (qRT-PCR) assays were performed using the 
one-step Eurogentec RT-PCR Kit (Qiagen, Hombrechtikon, 
Switzerland) in a QuantStudio 5 instrument (Applied Bio-
systems) and SARS-CoV-2 RNA was quantified with the 
Charité qRT-PCR protocol [32] using in vitro transcribed 
RNA for quantification [33] and reported as number of cop-
ies/ml of NW collected.

Cytokine Measurement

A Luminex assay (Magnetic Luminex assay, R&D Systems) 
was used to calculate the concentration of 23 markers in 
cryopreserved plasma and NW. For plasma, assays were 
performed according to the supplier’s instructions. For 
NW, a last incubation step of 20 min with PFA 4% (fol-
lowed by 4 washes) was added before reading to inactivate 
any remaining live virus. Briefly, beads conjugated to the 
analyte-specific capture antibodies, samples, controls, and 
standards were incubated at room temperature for 2 h. Bioti-
nylated detector antibodies and R-phycoerythrin-conjugated 
streptavidin were subsequently added. The mean fluores-
cence intensity of each marker was read on the Bio-Plex 
200 array reader (Bio-Rad Laboratories) using the Luminex 
xMAP Technology (Luminex Corporation). Five-parameter 
logistic regression curve (Bio-Plex Manager 6.0) was used 
to calculate sample concentrations. List of markers tested: 
CD40L, GM-CSF, Granzyme B, IFN-alpha, IFN-gamma, 
IL-1-beta, IL-1-alpha, IL-1Ra, IL-2, IL-4, IL-6, IL-8, IL-10, 
IL-12p70, IL-13, IL-17A, IL-33, CXCL10, CCL2, CCL3, 
CCL4, PD-L1, and TNF-alpha. Samples whose measure-
ment was below the detection limit were assigned a value 
corresponding to 50% of the last standard dilution value.

Antibody Characterization by ELISA

IgG and IgA antibodies directed against the S1 domain of 
the spike protein of SARS-CoV-2 were determined using a 
commercially available kit (Euroimmun AG, Lübeck, Ger-
many, #EI 2606-9601 G and EI 2606-9601 A) according to 
the manufacturer's instructions. All nasal wash samples were 
tested at 1:2 dilutions, while for serum only samples outside 
linear range were diluted 1:5 or 1:10. In serum, S1-specific 
IgG and IgA were positive when > 0.8 OD ratio [34], while 
for nasal wash S1-specific IgA was positive when > 0.4 
 OD450 (highest value of the control group). Total IgA meas-
urements in nasal wash were performed using a Thermo 
Fisher IgA human ELISA kit (pre-coated) and all samples 
were tested at 1:100 dilutions.

Statistical Analysis

Categorical variables were described by counts and per-
centages. Continuous variables were expressed as median 

and interquartile range (IQR). Correlation analyses were 
performed using the Pearson test. Cytokine data were cat-
egorized by defined time interval post onset of symptoms 
and differences in intervals between patients and healthy 
controls were calculated using the Mann–Whitney test. 
Principal components analysis was performed in R version 
3.6.2 using the prcomp function of the stats package. Data 
were standardized by the scale function in R. The first two 
principal components were retained since the first two eigen 
values were higher or close to 1. The first two components 
explained 75.45% and 12.11% of the variance, respectively. 
A bootstrap procedure was used to check the robustness of 
each retained principal component. Fifty-thousand re-sam-
pling with replacement were done. For each re-sampling, the 
same PCA was conducted. The frequency of the number of 
retained components (eigen value > 1) over the 50,000 re-
sampling was 100% for PC1 and 49.19% for PC2.

Results

Clinical Presentation and Viral Load

Thirteen SARS-CoV-2-infected patients and six controls 
were included. Patients’ median age was 35 years (mean 
14.2); 12 had mild disease and one had severe disease requir-
ing oxygen therapy (patient 3), as reflected in the CRP val-
ues and blood cell counts at time of diagnosis (Table 1). 
Figure 1 depicts timing of NW collection, viral load, and 
duration of symptoms for each patient by day post onset 
of symptoms (DPOS). Diagnosis was made at a median of 5 
DPOS (range 1–8 DPOS), with median viral load at diagno-
sis of 1.9 ×  106 RNA copies/ml detected in nasopharyngeal 
specimens (Table 1).

The first NW was performed within 8 days after onset 
of symptoms at time where patients still reported symp-
toms, followed by up to three samplings until resolution of 
acute symptoms, except for patient 11 who became quickly 
asymptomatic. At this first time point, SARS-CoV-2 could 
be detected in NW in 11/13 patients, with a median value 
of 3.6 ×  104 RNA copies/ml NW (IQR 5.4 ×  106). Viral load 
in NW was comparable to that measured in oropharyngeal 
swabs, suggesting a potential use as an alternative method 
for viral detection in those not at ease with swabs (Table 1). 
The virus was detected within 11 DPOS in 10/13 patients, 
but by 14 DPOS, most patients were negative and their 
symptoms had resolved, except for 3 patients who still had 
detectable viral RNA in the  3rd week post symptom onset. 
Two patients (11, 13) became rapidly pauci or asympto-
matic, while relatively high level of viruses was still meas-
ured in their NW. Overall, there was no association between 
the presence of virus in the nose and particular respiratory 
symptoms. Rhinitis was reported by only one patient. No 
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other common respiratory viruses were detected in the 
samples.

Local Cytokine Profile

We next assessed the innate response to SARS-CoV-2 
in the upper respiratory tract by measuring the level of 

23 pro-inflammatory cytokines in NW. Two cytokines 
(IL-6 and IL-10), IL-1 receptor alpha, four chemokines 
(CXCL10, CCL2, CCL3, and IL-8), and one stimulating 
factor (GM-CSF or CSF-2) were detectable, including in 
controls (Fig. 2a). Median concentrations of CXCL10, IL-6, 
and IL-10, hallmark cytokines circulating in blood during 
COVID-19 disease [35], reached relatively high levels in the 

Table 1  Patient characteristics

NP nasopharyngeal, VL viral load, V1 visit 1, NW nasal wash, CRP C-reactive protein, Lc leukocytes, PMN polymorphonuclear, Tc thrombocytes, 
cp copies, ml milliliter, mg milligrams, G giga, l liter, NA not available, ND not detected
a This patient was hospitalized for severe pneumonia
b As per protocol, no V1 nasal wash was available for patient contact 20-2

Pat ID Age Sex DPOS at 
diagnosis

Routine NP VL
(cp/ml sample)

OP VL V1
(cp/ml sample)

NW VL V1
(cp/ml sample)

CRP V1
(mg/l)

Lc V1
(G/l)

Lympho-
cytes V1 
(G/l)

PMNs V1
(G/l)

Tc V1
(G/l)

1 30 M 1 7.98 ×  103 3.64 ×  103 7.62 ×  102 4 4.8 2.21 2.06 188
2 33 F 6 1.86 ×  106 ND 3.58 ×  104 2.5 6.1 2.28 3.32 241
3a 72 M 4 1.28 ×  107 8.46 ×  102 6.72 ×  103 173 10.2 1.33 7.74 257
4 40 F 5 2.39 ×  107 5.66 ×  104 6.35 ×  104 19.7 2.7 0.84 1.68 198
5 46 F 6 1.70 ×  104 2.83 ×  105 4.05 ×  103 0.6 2.7 1.13 1.14 283
6 28 M 2 3.61 ×  107 6.79 ×  106 5.42 ×  106 13.6 4.1 1.29 1.99 140
7 30 M 1 5.41 ×  102 5.56 ×  104 ND NA 4.5 1.04 2.38 194
8b 32 F 2 9.73 ×  106 1.2 ×  107 NA 2.8 3.5 1.31 1.87 146
9 35 F 3 5.41 ×  102 ND ND 0.4 4.4 1.71 2.19 127
10 35 F 4 4.92 ×  103 1.98 ×  103 8.93 ×  104 0.4 8.2 1.84 5.7 248
11 74 F 1 2.49 ×  108 2.61 ×  107 6.94 ×  108 3 9.7 5.92 3.2 168
12 55 M 0 1.36 ×  103 ND ND 1.7 4.8 2.88 1.01 258
13 35 M 4 2.49 ×  108 4.63 ×  106 6.72 ×  106 15.7 6.1 1.2 4.43 182
Median 35 - 3 1.86 ×  106 5.56 ×  104 2.12 ×  104 2.9 4.8 1.33 2.2 194

Fig. 1  Longitudinal analysis of reported symptoms and viral loads in 
nasal wash of SARS-CoV-2 patients. The duration of systemic (head-
ache, fever, shivering, myalgia, or fatigue), respiratory (sore throat 
or cough), and anosmia/ageusia are shown according to the first day 
of reported symptoms. Viral loads were measured by PCR in nasal 
swabs (circle) at time of diagnosis or in nasal washes (triangle) at 

different visits and levels are shown in the symbols as white (unde-
tectable) to dark gray according to the heatmap shown in the figure. 
*Patient 2 reported a rhinitis for a duration of 11 days. # Patient 4, 5, 
10, and 11 reported difficulty breathing for 10, 40 days, 4 days, and 
1 day, respectively (not reported in the figure)
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first week (CXCL10: 214.4 [95%CI, 39.52 to 1680]; IL-6: 
14.4 [95%CI, 1.6 to 155]; IL-10: 137.2 [95% CI, 16.10 to 
576.4] in pg/ml) and decreased gradually to levels measured 
in healthy control after 2–3 weeks post onset of symptoms. 
IFN-alpha levels were under detection levels (< 1.5 pg/ml) 
for most participants (25/28). CCL2, a chemoattractant for 
monocytes, as well as IL-8, a chemoattractant for neutro-
phils, were also significantly increased within the first week 
in most patients (CCL2: 17.51, [95%CI, 11.04 to 110]; IL-8: 
256.6, [95%CI, 46.19 to 1507] in pg/ml) suggesting that 
monocytes and neutrophils could be recruited locally during 

mild infection. Finally, GM-CSF, which favors differentia-
tion of macrophages and antigen-presenting cells activation 
and therefore could play a role in the elimination of the virus 
[36], was more persistently found in the NW of infected indi-
viduals as compared to the healthy groups. We were not able 
to investigate the cellular composition of the NW because of 
the limited number of cells recovered in the samples.

We then assessed whether a similar pattern of cytokines 
was observed in plasma at the same time points in infected 
patients and healthy controls (Fig. 2b). The median con-
centrations of some cytokines were generally higher in NW 
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Fig. 2  Cytokine profile in nasal wash and correlation with plasma 
cytokines. Cytokine concentrations in nasal wash (A) or plasma (B) 
were measured by multiplex Luminex assay. The data are presented 
according to four different intervals post onset of symptom: 0–8, 
9–15, 15–30, and > 30. Circles represent the value for each participant 
and are connected to show the kinetics for each participant. Thick 
black lines represent the median for each interval; * represents sig-

nificant difference (p < 0.05) between the respective interval with the 
healthy control group. C Correlation analysis between nasal wash 
and plasma cytokines. Dashed lines represent the limit of detection. 
NW nasal wash, HC healthy controls. Nasal wash samples are repre-
sented as green circles and plasma samples are represented as orange 
circles. Gray circles for the healthy control
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than in plasma, in particular for IL-8 (NW: 256.6; plasma: 
5.85 pg/ml) and IL-6 (NW: 14.4; blood: 1.6 pg/ml), and the 
increase in CCL2 (but not absolute level) was more signifi-
cant locally. Interestingly, we did not find any correlations 
between the cytokine levels detected in NW and plasma 
(Fig. 2c), suggesting that measure of inflammation in blood 
does not reflect local (nasal) innate response at least in case 
of mild disease.

Correlation Between Local Cytokine Responses 
and Viral Load

A principal component analysis did not reveal any asso-
ciation between cytokine levels in NW and symptoms, 
including anosmia (Fig. 3a). There was also no correla-
tion between cytokine levels and duration of symptoms as 
reported by participants. In contrast, all cytokine concentra-
tions positively correlated with viral load (Fig. 3b), CCL2 

and CXCL10 most closely (R2 = 0.49 and 0.39, respectively). 
This suggest that the cytokines detected in the NW are most 
likely a result of the local viral replication taking place in 
the upper respiratory tract.

Local Antibody Levels

In nasal wash, the levels of anti-S1 IgA above the detection 
level were 33.3% (7/21) of the participants in the first inter-
val and 45.5% (5/11) in the second interval (Fig. 4A), while 
total IgA was detected for all the patients (Fig. 4B). The lev-
els of anti-S1 IgG above the detection level were 0% (0/20) 
of the participants in the first interval and 18.2% (2/11) in 
the second interval (not shown). In sera, S1-specific IgA was 
more rapidly detected (48% positive, Fig. 4C) as compared 
to IgG (28% positive, not shown) within 14 DPOS. We also 
observed a weak correlation between serum and nasal wash 
S1-specific IgA (R2 = 0.38; p = 0.0002). Altogether, this 
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suggest that S1-directed IgA and not IgG is detectable at 
the mucosal site in some individuals and correlates to some 
extent with S1-directed IgA antibodies in serum.

Discussion

Cytokines were found locally in the upper respiratory dur-
ing mild SARS-CoV-2 infection. Local cytokine responses 
persisted for up to two weeks after symptom onset; they cor-
related with viral load, irrespective of the time since symp-
tom onset, but not with blood cytokine levels or specific 
symptoms. Our results are consistent with the transcriptional 
responses measured in nasopharyngeal specimens collected 
during SARS-CoV-2 screening, which show a positive cor-
relation between gene expression and viral load [20, 22, 23, 
25]. The presence of high levels of CXCL10 at the tran-
scription and protein level, together with the detection of an 
interferon-stimulated gene signature [22, 23], definitively 
show that the upper respiratory tract is an important antiviral 
immune site during mild disease. Although an early IFN 
signal in the nose has been reported at the transcriptional 
level [21, 25, 26], we did not find a detectable increase in 
IFN-alpha or IFN-gamma proteins in NW, even at early time 
points after infection. This could be due to the low sensitivity 
of the assay used, a dilution effect due to the nasal wash pro-
cedure or evidence for active inhibition of interferon release 
by SARS-CoV-2 [37], as suggested by the relatively low 
concentration of interferons detected in serum of COVID-19 
patients [38] or in vitro [39]. In addition, in silico analysis 
of the transcriptome led to the suggestion that macrophages, 
neutrophils, and activated dendritic cells are recruited in the 
nasopharyngeal epithelium of infected patients [23]. The fact 
that we detected more IL-8 and CCL2, as well as GM-CSF 
in NW support this finding but a more detailed analysis of 

the recruited cells in the compartment is needed, especially 
compared with the lungs [11, 40].

We observed no correlation between NW and serum 
cytokine concentrations. This discordance is well known for 
respiratory viral infections [15, 16] and underscores the like-
lihood that other sites such as the oral cavity also contrib-
ute to the overall host response [41]. It has the potential for 
misleading conclusions when assessments of SARS-CoV-2 
immunopathology focus exclusively on the blood compart-
ment, underestimating the role of the mucosal immune sys-
tem especially early in infection. Serum cytokines there-
fore do not fully reflect viral responses at primary sites of 
infection.

In contrast to reports assessing single time points, this 
study provides a longitudinal analysis of the immune 
response in the upper respiratory tract in the course of mild 
disease, which represents the vast majority of cases world-
wide. We show that local cytokine production is sustained 
in most patients until 2–3 weeks after disease onset, even 
when symptoms have subsided. Infectious particles are gen-
erally detected within the first week of infection, but viral 
RNA may be detected much later. Immune detection of viral 
RNA itself may thus be the main trigger of innate response 
in the epithelium, as previously shown for SARS-CoV [42]. 
Nonetheless, although our sample size remains limited, this 
sustained response does not lead to specific symptoms in 
the upper respiratory tract, but could rather be important in 
the induction of SARS-CoV-2-specific mucosal immunity 
during mild disease. We could not link the presence of high 
levels of CXCL10 or IL-6, indicative of a robust antiviral 
response, to loss of olfactory function, which may therefore 
rely on other mechanisms [43, 44].

The intensity of the local inflammatory response after 
mild SARS-CoV-2 infection seems overall less pronounced 
than that reported for other viral respiratory infections 
such as influenza [22, 29], respiratory syncytial virus, or 
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rhinoviruses [45–47]. In addition to potential inhibition of 
the interferon pathway, an impairment of inflammasome/
IL-1 beta induction as compared to other viruses was also 
a proposed mechanism [22]. In line with these results, we 
did not detect a significant change in IL-1Ra or IL-1-beta 
in NW. This relatively moderate antiviral response to 
SARS-CoV-2 may explain the high viral load in the upper 
respiratory tract and higher transmission rates.

We observed that only some patients had S1-specific 
IgA in the nasal cavity while almost none had IgG, the 
magnitude of the response was lower than the one meas-
ured in serum. These heterogeneity of the S1-specific 
IgA levels at the mucosa has been recently reported by 
others [48–50]. IgA is important for early neutralization 
of SARS-CoV-2 in blood and saliva [41]. Whether these 
specific local IgA plays a role in preventing severe disease 
early during infection requires further studies.

Our study had limitations. The size of the cohort is 
small, mainly due to the limited access to infected patients 
at the end of the first wave of COVID-19 in Geneva and 
practical constraints linked to performing the procedure 
during home visits at multiple time points. Patients had 
mild disease so our data should not be extrapolated to more 
severe disease. Enrolled participants were already RT-PCR 
positive at inclusion, at a median of 5 DPOS, so we could 
not capture early antiviral response during incubation time 
before symptoms onset. We could not reliably isolate RNA 
or phenotype the cells present in the NW samples due 
to the low number of cells recovered. The relatively low 
sensitivity of the assay used to measure cytokine and the 
dilution of the samples due to the nasal wash procedure 
may have limited our ability to detect cytokine produc-
tion locally. Lack of correlation with symptoms should be 
interpreted with caution as symptoms were mainly self-
reported and could therefore be subjective, although we 
believe that lack of correlation with anosmia remains solid 
despite limited sample size.

Conclusion

High levels of hallmark cytokines associated with SARS-
Cov2 infection such as CXCL10 and IL-6 could be 
detected in the nasal cavity of patients with mild COVID-
19. The highest levels were detectable within the first week 
of symptoms and persisted for up to three weeks; they 
correlated with viral load but not with specific respiratory 
symptoms including anosmia. Mucosal S1-specific IgA 
could be detected in some patients.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10875- 021- 01134-z.

Acknowledgements The authors would like to thank Irene Sabater 
Royo, Romain Burquier, and Adriana Renzoni for technical support, 
Adrien Calame, Lena Mazza, Cecilia Schweblin, Mathilde Bellon, and 
Diego Andrey for recruitment support, volunteers of the “Understand-
ing COVID-19 study,” and those providing NW in the healthy control 
group.

Author Contributions AH, BM, LK, IE, CSE, GBR, AMD, CAS, and 
DLV conceived the study and wrote the clinical protocol. DVL per-
formed the clinical visits to collect the nasal wash samples, analyzed 
the clinical data, performed and analyzed the viral loads, and generated 
related figures together with FP and MV. PMM performed the cytokine 
measurements and ELISA, analyzed the data, and generated the related 
figures. SL performed the PCA analysis and the related figures. AH and 
GRB recruited participants, organized and conducted study visits, and 
collected clinical specimens together with EVD. DLV, PMM, LK, and 
AMD prepared figures and wrote the manuscript. All authors provided 
intellectual input and reviewed the manuscript.

Funding Open Access funding provided by Université de Genève. This 
work was supported by the Swiss National Science Foundation [Grant 
Number 31CA30_196732 / 1] and the Fondation de Bienfaisance du 
Groupe Pictet, the Fondation Ancrage, the Fondation Privée des HUG, 
and the Center for Emerging Viral Diseases. Arnaud Didierlaurent is 
supported by the Giorgi-Cavaglieri foundation.

Data Availability The authors confirm that the de-identified data sup-
porting the findings of this study are available within the article and 
supplementary data.

Declarations 

Ethical Approval This study was approved by the Geneva Cantonal Eth-
ics Commission with appropriate patient consents (see the “Methods” 
and “Supplementary” sections).

Informed Consent Appropriate consents were obtained and all authors 
agreed to publish. Appropriate consents were obtained and all authors 
agreed to publish.

Conflict of interest The authors have no conflicts of interest to declare.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Wang Y, Zhang L, Sang L, Ye F, Ruan S, Zhong B, et al. Kinet-
ics of viral load and antibody response in relation to COVID-19 
severity. J Clin Invest. 2020;130(10):5235–44. https:// doi. org/ 10. 
1172/ JCI13 8759.

1730 Journal of Clinical Immunology (2021) 41:1723–1732

https://doi.org/10.1007/s10875-021-01134-z
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1172/JCI138759
https://doi.org/10.1172/JCI138759


1 3

 2. Vetter P, Eberhardt CS, Meyer B, Martinez Murillo PA, Torri-
ani G, Pigny F, et al. Daily viral kinetics and innate and adap-
tive immune response assessment in COVID-19: a case series. 
mSphere. 2020. https:// doi. org/ 10. 1128/ mSphe re. 00827- 20.

 3. Sun J, Tang X, Bai R, Liang C, Zeng L, Lin H, et al. The kinet-
ics of viral load and antibodies to SARS-CoV-2. Clin Microbiol 
Infect. 2020;26(12):1690 e1–e4. https:// doi. org/ 10. 1016/j. cmi. 
2020. 08. 043.

 4. Cevik M, Tate M, Lloyd O, Maraolo AE, Schafers J, Ho A. SARS-
CoV-2, SARS-CoV, and MERS-CoV viral load dynamics, dura-
tion of viral shedding, and infectiousness: a systematic review 
and meta-analysis. Lancet Microbe. 2020. https:// doi. org/ 10. 1016/ 
S2666- 5247(20) 30172-5.

 5. Ra SH, Lim JS, Kim GU, Kim MJ, Jung J, Kim SH. Upper 
respiratory viral load in asymptomatic individuals and mildly 
symptomatic patients with SARS-CoV-2 infection. Thorax. 
2020. https:// doi. org/ 10. 1136/ thora xjnl- 2020- 215042.

 6. Lee IT, Nakayama T, Wu CT, Goltsev Y, Jiang S, Gall PA, 
et al. ACE2 localizes to the respiratory cilia and is not increased 
by ACE inhibitors or ARBs. Nat Commun. 2020;11(1):5453. 
https:// doi. org/ 10. 1038/ s41467- 020- 19145-6.

 7. Kim SE, Jeong HS, Yu Y, Shin SU, Kim S, Oh TH, et al. Viral 
kinetics of SARS-CoV-2 in asymptomatic carriers and presymp-
tomatic patients. Int J Infect Dis. 2020;95:441–3. https:// doi. 
org/ 10. 1016/j. ijid. 2020. 04. 083.

 8. Sungnak W, Huang N, Becavin C, Berg M, Queen R, Lit-
vinukova M, et  al. SARS-CoV-2 entry factors are highly 
expressed in nasal epithelial cells together with innate immune 
genes. Nat Med. 2020;26(5):681–7. https:// doi. org/ 10. 1038/ 
s41591- 020- 0868-6.

 9. Hou YJ, Okuda K, Edwards CE, Martinez DR, Asakura T, Dinnon 
KH 3rd, et al. SARS-CoV-2 reverse genetics reveals a variable 
infection gradient in the respiratory tract. Cell. 2020;182(2):429-
46 e14. https:// doi. org/ 10. 1016/j. cell. 2020. 05. 042.

 10. Zou L, Ruan F, Huang M, Liang L, Huang H, Hong Z, et al. 
SARS-CoV-2 viral load in upper respiratory specimens of infected 
patients. N Engl J Med. 2020;382(12):1177–9. https:// doi. org/ 10. 
1056/ NEJMc 20017 37.

 11. Liao M, Liu Y, Yuan J, Wen Y, Xu G, Zhao J, et al. Single-cell 
landscape of bronchoalveolar immune cells in patients with 
COVID-19. Nat Med. 2020;26(6):842–4. https:// doi. org/ 10. 1038/ 
s41591- 020- 0901-9.

 12. Alon R, Sportiello M, Kozlovski S, Kumar A, Reilly EC, Zarbock 
A, et al. Leukocyte trafficking to the lungs and beyond: lessons 
from influenza for COVID-19. Nat Rev Immunol. 2020. https:// 
doi. org/ 10. 1038/ s41577- 020- 00470-2.

 13. Lechien JR, Chiesa-Estomba CM, De Siati DR, Horoi M, Le Bon 
SD, Rodriguez A, et al. Olfactory and gustatory dysfunctions as 
a clinical presentation of mild-to-moderate forms of the coronavi-
rus disease (COVID-19): a multicenter European study. Eur Arch 
Otorhinolaryngol. 2020;277(8):2251–61. https:// doi. org/ 10. 1007/ 
s00405- 020- 05965-1.

 14. Meinhardt J, Radke J, Dittmayer C, Franz J, Thomas C, Mothes R, 
et al. Olfactory transmucosal SARS-CoV-2 invasion as a port of 
central nervous system entry in individuals with COVID-19. Nat 
Neurosci. 2020. https:// doi. org/ 10. 1038/ s41593- 020- 00758-5.

 15. Dunning J, Blankley S, Hoang LT, Cox M, Graham CM, James 
PL, et al. Progression of whole-blood transcriptional signatures 
from interferon-induced to neutrophil-associated patterns in 
severe influenza. Nat Immunol. 2018;19(6):625–35. https:// doi. 
org/ 10. 1038/ s41590- 018- 0111-5.

 16. Oshansky CM, Gartland AJ, Wong SS, Jeevan T, Wang D, Rod-
dam PL, et al. Mucosal immune responses predict clinical out-
comes during influenza infection independently of age and viral 
load. Am J Respir Crit Care Med. 2014;189(4):449–62. https:// 
doi. org/ 10. 1164/ rccm. 201309- 1616OC.

 17. Zhou Z, Ren L, Zhang L, Zhong J, Xiao Y, Jia Z, et al. Heightened 
innate immune responses in the respiratory tract of COVID-19 
patients. Cell Host Microbe. 2020;27(6):883-90 e2. https:// doi. 
org/ 10. 1016/j. chom. 2020. 04. 017.

 18. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical fea-
tures of patients infected with 2019 novel coronavirus in Wuhan, 
China. Lancet. 2020;395(10223):497–506. https:// doi. org/ 10. 
1016/ S0140- 6736(20) 30183-5.

 19. Gustine JN, Jones D. Immunopathology of hyperinflammation in 
COVID-19. Am J Pathol. 2020. https:// doi. org/ 10. 1016/j. ajpath. 
2020. 08. 009.

 20. Ramlall V, Thangaraj PM, Meydan C, Foox J, Butler D, Kim J, 
et al. Immune complement and coagulation dysfunction in adverse 
outcomes of SARS-CoV-2 infection. Nat Med. 2020;26(10):1609–
15. https:// doi. org/ 10. 1038/ s41591- 020- 1021-2.

 21. Montalvo Villalba MC, Valdes Ramirez O, Mune Jimenez M, 
Arencibia Garcia A, Martinez Alfonso J, Gonzalez Baez G, 
et al. Interferon gamma, TGF-beta1 and RANTES expression in 
upper airway samples from SARS-CoV-2 infected patients. Clin 
Immunol. 2020;220:108576. https:// doi. org/ 10. 1016/j. clim. 2020. 
108576.

 22. Mick E, Kamm J, Pisco AO, Ratnasiri K, Babik JM, Castaneda G, 
et al. Upper airway gene expression reveals suppressed immune 
responses to SARS-CoV-2 compared with other respiratory 
viruses. Nat Commun. 2020;11(1):5854. https:// doi. org/ 10. 1038/ 
s41467- 020- 19587-y.

 23. Lieberman NAP, Peddu V, Xie H, Shrestha L, Huang ML, 
Mears MC, et al. In vivo antiviral host transcriptional response 
to SARS-CoV-2 by viral load, sex, and age. PLoS Biol. 
2020;18(9):e3000849. https:// doi. org/ 10. 1371/ journ al. pbio. 30008 
49.

 24. Gallo O, Locatello LG, Mazzoni A, Novelli L, Annunziato F. 
The central role of the nasal microenvironment in the trans-
mission, modulation, and clinical progression of SARS-CoV-2 
infection. Mucosal Immunol. 2020. https:// doi. org/ 10. 1038/ 
s41385- 020- 00359-2.

 25. Butler DJ, Mozsary C, Meydan C, Danko D, Foox J, Rosiene J 
et al. Shotgun transcriptome and isothermal profiling of SARS-
CoV-2 infection reveals unique host responses, viral diversifica-
tion, and drug interactions. bioRxiv. 2020. https:// doi. org/ 10. 1101/ 
2020. 04. 20. 048066.

 26. Lopez J, Mommert M, Mouton W, Pizzorno A, Brengel-Pesce K, 
Mezidi M, et al. Early nasal type I IFN immunity against SARS-
CoV-2 is compromised in patients with autoantibodies against 
type I IFNs. J Exp Med. 2021. https:// doi. org/ 10. 1084/ jem. 20211 
211.

 27. Hospital GU. Procèdure selon le type de prélèvement: Frottis 
naso-pharyngé (FNP), frottis oro-pharyngé (FOP), rinçage nasal. 
Geneva University Hospital; 2020.

 28. Calame A, Mazza L, Renzoni A, Kaiser L, Schibler M. Sensitivity 
of nasopharyngeal, oropharyngeal, and nasal wash specimens for 
SARS-CoV-2 detection in the setting of sampling device shortage. 
Eur J Clin Microbiol Infect Dis. 2020. https:// doi. org/ 10. 1007/ 
s10096- 020- 04039-8.

 29. Kaiser L, Fritz RS, Straus SE, Gubareva L, Hayden FG. Symp-
tom pathogenesis during acute influenza: interleukin-6 and other 
cytokine responses. J Med Virol. 2001;64(3):262–8. https:// doi. 
org/ 10. 1002/ jmv. 1045.

 30. Gritzfeld JF, Wright AD, Collins AM, Pennington SH, Wright 
AK, Kadioglu A, et al. Experimental human pneumococcal car-
riage. J Vis Exp. 2013. https:// doi. org/ 10. 3791/ 50115.

 31. Schibler M, Yerly S, Vieille G, Docquier M, Turin L, Kaiser 
L, et al. Critical analysis of rhinovirus RNA load quantifica-
tion by real-time reverse transcription-PCR. J Clin Microbiol. 
2012;50(9):2868–72. https:// doi. org/ 10. 1128/ JCM. 06752- 11.

1731Journal of Clinical Immunology (2021) 41:1723–1732

https://doi.org/10.1128/mSphere.00827-20
https://doi.org/10.1016/j.cmi.2020.08.043
https://doi.org/10.1016/j.cmi.2020.08.043
https://doi.org/10.1016/S2666-5247(20)30172-5
https://doi.org/10.1016/S2666-5247(20)30172-5
https://doi.org/10.1136/thoraxjnl-2020-215042
https://doi.org/10.1038/s41467-020-19145-6
https://doi.org/10.1016/j.ijid.2020.04.083
https://doi.org/10.1016/j.ijid.2020.04.083
https://doi.org/10.1038/s41591-020-0868-6
https://doi.org/10.1038/s41591-020-0868-6
https://doi.org/10.1016/j.cell.2020.05.042
https://doi.org/10.1056/NEJMc2001737
https://doi.org/10.1056/NEJMc2001737
https://doi.org/10.1038/s41591-020-0901-9
https://doi.org/10.1038/s41591-020-0901-9
https://doi.org/10.1038/s41577-020-00470-2
https://doi.org/10.1038/s41577-020-00470-2
https://doi.org/10.1007/s00405-020-05965-1
https://doi.org/10.1007/s00405-020-05965-1
https://doi.org/10.1038/s41593-020-00758-5
https://doi.org/10.1038/s41590-018-0111-5
https://doi.org/10.1038/s41590-018-0111-5
https://doi.org/10.1164/rccm.201309-1616OC
https://doi.org/10.1164/rccm.201309-1616OC
https://doi.org/10.1016/j.chom.2020.04.017
https://doi.org/10.1016/j.chom.2020.04.017
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/j.ajpath.2020.08.009
https://doi.org/10.1016/j.ajpath.2020.08.009
https://doi.org/10.1038/s41591-020-1021-2
https://doi.org/10.1016/j.clim.2020.108576
https://doi.org/10.1016/j.clim.2020.108576
https://doi.org/10.1038/s41467-020-19587-y
https://doi.org/10.1038/s41467-020-19587-y
https://doi.org/10.1371/journal.pbio.3000849
https://doi.org/10.1371/journal.pbio.3000849
https://doi.org/10.1038/s41385-020-00359-2
https://doi.org/10.1038/s41385-020-00359-2
https://doi.org/10.1101/2020.04.20.048066
https://doi.org/10.1101/2020.04.20.048066
https://doi.org/10.1084/jem.20211211
https://doi.org/10.1084/jem.20211211
https://doi.org/10.1007/s10096-020-04039-8
https://doi.org/10.1007/s10096-020-04039-8
https://doi.org/10.1002/jmv.1045
https://doi.org/10.1002/jmv.1045
https://doi.org/10.3791/50115
https://doi.org/10.1128/JCM.06752-11


1 3

 32. Corman VM, Landt O, Kaiser M, Molenkamp R, Meijer A, Chu 
DK, et al. Detection of 2019 novel coronavirus (2019-nCoV) by 
real-time RT-PCR. Euro Surveill. 2020. https:// doi. org/ 10. 2807/ 
1560- 7917. ES. 2020. 25.3. 20000 45.

 33. Baggio S, L’Huillier AG, Yerly S, Bellon M, Wagner N, Rohr 
M, et al. SARS-CoV-2 viral load in the upper respiratory tract of 
children and adults with early acute COVID-19. Clin Infect Dis. 
2020. https:// doi. org/ 10. 1093/ cid/ ciaa1 157.

 34. Meyer B, Torriani G, Yerly S, Mazza L, Calame A, Arm-Vernez 
I, et al. Validation of a commercially available SARS-CoV-2 sero-
logical immunoassay. Clin Microbiol Infect. 2020;26(10):1386–
94. https:// doi. org/ 10. 1016/j. cmi. 2020. 06. 024.

 35. Tay MZ, Poh CM, Renia L, MacAry PA, Ng LFP. The trinity 
of COVID-19: immunity, inflammation and intervention. Nat 
Rev Immunol. 2020;20(6):363–74. https:// doi. org/ 10. 1038/ 
s41577- 020- 0311-8.

 36. Bonaventura A, Vecchie A, Wang TS, Lee E, Cremer PC, Carey 
B, et al. Targeting GM-CSF in COVID-19 pneumonia: rationale 
and strategies. Front Immunol. 2020;11:1625. https:// doi. org/ 10. 
3389/ fimmu. 2020. 01625.

 37. Hartenian E, Nandakumar D, Lari A, Ly M, Tucker JM, 
Glaunsinger BA. The molecular virology of coronaviruses. J 
Biol Chem. 2020;295(37):12910–34. https:// doi. org/ 10. 1074/ jbc. 
REV120. 013930.

 38. Hadjadj J, Yatim N, Barnabei L, Corneau A, Boussier J, 
Smith N, et al. Impaired type I interferon activity and inflam-
matory responses in severe COVID-19 patients. Science. 
2020;369(6504):718–24. https:// doi. org/ 10. 1126/ scien ce. abc60 27.

 39. Blanco-Melo D, Nilsson-Payant BE, Liu WC, Uhl S, Hoagland D, 
Moller R, et al. Imbalanced host response to SARS-CoV-2 drives 
development of COVID-19. Cell. 2020;181(5):1036-45 e9. https:// 
doi. org/ 10. 1016/j. cell. 2020. 04. 026.

 40. Xu G, Qi F, Li H, Yang Q, Wang H, Wang X, et al. The differential 
immune responses to COVID-19 in peripheral and lung revealed 
by single-cell RNA sequencing. Cell Discov. 2020;6:73. https:// 
doi. org/ 10. 1038/ s41421- 020- 00225-2.

 41. Sterlin D, Mathian A, Miyara M, Mohr A, Anna F, Claër L, et al. 
IgA dominates the early neutralizing antibody response to SARS-
CoV-2. Sci Transl Med. 2021;13(577):2223. https:// doi. org/ 10. 
1126/ scitr anslm ed. abd22 23.

 42. Vabret N, Britton GJ, Gruber C, Hegde S, Kim J, Kuksin M, et al. 
Immunology of COVID-19: current state of the science. Immu-
nity. 2020;52(6):910–41. https:// doi. org/ 10. 1016/j. immuni. 2020. 
05. 002.

 43. Saussez S, Lechien JR, Hopkins C. Anosmia: an evolution of our 
understanding of its importance in COVID-19 and what questions 

remain to be answered. Eur Arch Otorhinolaryngol. 2020. https:// 
doi. org/ 10. 1007/ s00405- 020- 06285-0.

 44. Chen M, Shen W, Rowan NR, Kulaga H, Hillel A, Ramanatha Jr. 
M, et al. Elevated ACE-2 expression in the olfactory neuroepi-
thelium: implications for anosmia and upper respiratory SARS-
CoV-2 entry and replication. Eur Respir J. 2020. https:// doi. org/ 
10. 1183/ 13993 003. 01948- 2020.

 45. Laham FR, Israele V, Casellas JM, Garcia AM, Lac Prugent 
CM, Hoffman SJ, et al. Differential production of inflammatory 
cytokines in primary infection with human metapneumovirus and 
with other common respiratory viruses of infancy. J Infect Dis. 
2004;189(11):2047–56. https:// doi. org/ 10. 1086/ 383350.

 46. Hansel TT, Tunstall T, Trujillo-Torralbo MB, Shamji B, Del-
Rosario A, Dhariwal J, et al. A comprehensive evaluation of nasal 
and bronchial cytokines and chemokines following experimen-
tal rhinovirus infection in allergic asthma: increased interferons 
(IFN-gamma and IFN-lambda) and Type 2 inflammation (IL-5 
and IL-13). EBioMedicine. 2017;19:128–38. https:// doi. org/ 10. 
1016/j. ebiom. 2017. 03. 033.

 47. Cangiano G, Proietti E, Kronig MN, Kieninger E, Sadeghi 
CD, Gorgievski M, et al. Lactate dehydrogenase concentration 
in nasal wash fluid indicates severity of rhinovirus-induced 
wheezy bronchitis in preschool children. Pediatr Infect Dis J. 
2014;33(12):1285–7. https:// doi. org/ 10. 1097/ INF. 00000 00000 
000420.

 48. Cagigi A, Yu M, Falck-Jones S, Vangeti S, Österberg B, Åhlberg 
E et al. Airway antibodies wane rapidly after COVID-19 but B 
cell memory is generated across disease severity. medRxiv. 2020. 
https:// doi. org/ 10. 1101/ 2020. 11. 25. 20238 592.

 49. Cervia C, Nilsson J, Zurbuchen Y, Valaperti A, Schreiner J, 
Wolfensberger A, et al. Systemic and mucosal antibody responses 
specific to SARS-CoV-2 during mild versus severe COVID-19. 
J Allergy Clin Immunol. 2021;147(2):545-57.e9. https:// doi. org/ 
10. 1016/j. jaci. 2020. 10. 040.

 50. Dos Santos JMB, Soares CP, Monteiro FR, Mello R, DoAmaral 
JB, Aguiar AS, et al. In nasal mucosal secretions, distinct IFN and 
IgA responses are found in severe and mild SARS-CoV-2 infec-
tion. Front Immunol. 2021;12:595343. https:// doi. org/ 10. 3389/ 
fimmu. 2021. 595343.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

1732 Journal of Clinical Immunology (2021) 41:1723–1732

https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
https://doi.org/10.1093/cid/ciaa1157
https://doi.org/10.1016/j.cmi.2020.06.024
https://doi.org/10.1038/s41577-020-0311-8
https://doi.org/10.1038/s41577-020-0311-8
https://doi.org/10.3389/fimmu.2020.01625
https://doi.org/10.3389/fimmu.2020.01625
https://doi.org/10.1074/jbc.REV120.013930
https://doi.org/10.1074/jbc.REV120.013930
https://doi.org/10.1126/science.abc6027
https://doi.org/10.1016/j.cell.2020.04.026
https://doi.org/10.1016/j.cell.2020.04.026
https://doi.org/10.1038/s41421-020-00225-2
https://doi.org/10.1038/s41421-020-00225-2
https://doi.org/10.1126/scitranslmed.abd2223
https://doi.org/10.1126/scitranslmed.abd2223
https://doi.org/10.1016/j.immuni.2020.05.002
https://doi.org/10.1016/j.immuni.2020.05.002
https://doi.org/10.1007/s00405-020-06285-0
https://doi.org/10.1007/s00405-020-06285-0
https://doi.org/10.1183/13993003.01948-2020
https://doi.org/10.1183/13993003.01948-2020
https://doi.org/10.1086/383350
https://doi.org/10.1016/j.ebiom.2017.03.033
https://doi.org/10.1016/j.ebiom.2017.03.033
https://doi.org/10.1097/INF.0000000000000420
https://doi.org/10.1097/INF.0000000000000420
https://doi.org/10.1101/2020.11.25.20238592
https://doi.org/10.1016/j.jaci.2020.10.040
https://doi.org/10.1016/j.jaci.2020.10.040
https://doi.org/10.3389/fimmu.2021.595343
https://doi.org/10.3389/fimmu.2021.595343

	Longitudinal Analysis of Inflammatory Response to SARS-CoV-2 in the Upper Respiratory Tract Reveals an Association with Viral Load, Independent of Symptoms
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study Design, Setting, and Population
	Nasal Wash
	SARS-CoV-2 RNA Quantification
	Cytokine Measurement
	Antibody Characterization by ELISA
	Statistical Analysis

	Results
	Clinical Presentation and Viral Load
	Local Cytokine Profile
	Correlation Between Local Cytokine Responses and Viral Load
	Local Antibody Levels

	Discussion
	Conclusion
	Acknowledgements 
	References


