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Abstract
Purpose  Inappropriate antibiotic prescription in patients with viral infections contributes to the surge of antibiotic resist-
ance. Viral infections induce the expression of the antiviral protein MxA in monocytes, which is a promising biomarker to 
differentiate between viral and bacterial diseases. In this prospective, exploratory study, we aimed to determine the diagnostic 
value of monocyte MxA expression in adults with viral, bacterial or co-infections.
Methods  We measured monocyte MxA expression using flow cytometry in a cohort of 61 adults with various viral, bacterial 
and co-infections including patients receiving immunosuppressive therapy.
Results  Monocyte MxA expression in virus-infected patients was significantly higher compared to bacterial infections (83.3 
[66.8, 109.4] vs. 33.8 [29.3, 47.8] mean fluorescence intensity [MFI]; p < 0.0001) but not co-infections (53.1 [33.9, 88.9] 
MFI). At a threshold of 62.2 MFI, the area under the ROC curve (AUC) to differentiate between viral and bacterial infec-
tions was 0.9, with a sensitivity and specificity of 92.3% and 84.6%, respectively. Immunosuppressive therapy did not affect 
monocyte MxA expression in virus-infected patients.
Conclusion  Our findings corroborate the diagnostic performance of MxA in differentiating viral and bacterial infections but 
also point to an important caveat of MxA in viral-bacterial co-infections. This study extends previous reports and indicates 
that MxA is also a useful biomarker in immunocompromised patients.
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Introduction

Prolonged duration of illness, high rates of mortality and 
increasing treatment costs are the consequences of infectious 
diseases with antibiotic resistant bacteria. Differentiation 
between viral and bacterial infections can be challenging 
and frequently results in inappropriate antibiotic prescription 
due to diagnostic uncertainty which further drives antimi-
crobial resistance [1, 2]. Thus, novel diagnostic methods that 
facilitate the diagnosis of viral infections are urgently needed 
to prevent a progression of the already drastic prevalence of 
antibiotic resistance [2]. While the routinely available bio-
markers C-reactive protein (CRP) and procalcitonin (PCT) 
can assist clinicians in determining the etiology of an infec-
tious disease, they lack sufficient specificity [3–5]. Direct 
pathogen detection, although often leading to diagnosis, also 
has some limitations including inaccessibility of infection 
site, fever without source, time to results, differentiation 
between disease causing pathogen or mere colonizer [6].
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Providing a predominantly viral-induced biomarker in 
addition to routinely available biomarkers of infection and 
inflammation could improve diagnostic accuracy and thus 
prevent antibiotic overuse. Viral infections induce a cellu-
lar defense mechanism that includes the secretion of type I 
interferons [7]. These cytokines activate the transcription 
of a variety of antiviral proteins including myxovirus resist-
ance protein A (MxA) [7]. Several pediatric studies indicate 
that MxA can facilitate the differentiation between viral and 
bacterial infections [8–10]. Especially, the combination of 
MxA and CRP, markers for viral infections and inflamma-
tion, respectively, offers promising results as a rapid point 
of care test in children and adults with respiratory infections 
[11–13]. The aim of this study was to evaluate MxA in rou-
tine practice in an adult population including immunocom-
promised patients with various bacterial and viral infections.

Methods and materials

This prospective, exploratory study was conducted at the 
Department of Internal Medicine I, Division of Infectious 
Diseases and Tropical Medicine and at the Department of 
Emergency Medicine of the Medical University of Vienna 
between December 2018 and June 2019. Patients aged ≥ 18 
with clinical suspicion of infectious disease or with con-
firmed infectious disease were included. Exclusion criteria 
were as follows: infectious disease within the last 4 weeks, 
interferon treatment, recent chemotherapy, recent treatment 
with biologicals, and vaccination within the last 4 weeks. 
Sample collection was performed as part of a routine blood 
draw.

Group allocation

The participants were assigned to the following 5 groups 
depending on the routine diagnostic findings according to 
the algorithm in Fig. 1: confirmed viral infection, confirmed 
bacterial infection, clinically diagnosed viral infection, clini-
cally diagnosed bacterial infection, bacterial-viral co-infec-
tion. A confirmed infection was defined as the identification 
of a pathogen compatible with the patient’s symptoms by 
routine microbiologic testing. Systematic, predefined test-
ing for potential pathogens was not part of the study design 
and was decided by the treating physician depending on the 
clinical presentation of each included individual. Microbio-
logical testing involved: blood cultures or bacterial cultures 
from, e.g., abscesses, pleural effusion or removed catheters, 
broad spectrum PCR from EDTA blood, PCR test from spu-
tum on Mycoplasma pneumoniae, urine antigen test for S. 
pneumoniae, H. influenzae, L. pneumophila, urine test strips 
and urine cultures and PCR tests for influenzae virus and 
respiratory syncytial virus using nasopharyngeal swabs. In 

case of diarrhea, stool samples were obtained for bacterial 
cultures to detect growth of Salmonella spp., Sighella spp., 
Campylobacter spp, Yersinia spp, or for C. difficile toxin 
and antigen determination. PCRs for rotavirus, adenovirus, 
norovirus and enterovirus were obtained. In case of posi-
tive microbiological results after inclusion, participants were 
assigned to the respective group. In the case no pathogen 
was detected, the clinical diagnosis of infection was made 
based on history, clinical signs and symptoms and results of 
the routine diagnostic tests (C-reactive protein [CRP], pro-
calcitonin and white blood cell count, urinary strips, chest 
X-ray or CT scans) performed at the discretion of the treat-
ing physician. An expert in infectious diseases reviewed the 
clinical diagnosis. All diagnoses were made without knowl-
edge of MxA levels.

Analytical procedures

Detection of monocyte MxA. Fifty microliters of whole blood 
collected in lithium heparin tubes was diluted in 1 mL phos-
phate-buffered saline (PBS) and centrifuged for 5 min at 
300 g. Supernatant was removed, and the procedure was 
repeated once. Cells in the remaining pellet were fixed and 
permeabilized using Fix&Perm (Nordic MUbio, Susteren, 
Netherlands) according to the manufacturer’s instructions. 
The cell pellet was reconstituted in 100µL fixation medium 
and incubated for 15 min at room temperature. Five millilit-
ers PBS was added, and samples were centrifuged for 5 min 
at 300 g. Supernatant was removed, and the cell pellet was 
resuspended in 100µL permeabilization medium. Thereaf-
ter, 20µL of a saponin-buffered FITC-conjugated anti-MxA 
antibody (kindly provided by An der Grub BioResearch and 
validated previously [14]) was added; samples were vor-
texed and incubated for another 15 min at room temperature. 
Afterwards, cells were washed twice with PBS, centrifuged, 
resuspended in sheath fluid and analyzed immediately. Flow 
cytometry was performed using a BD FACS Calibur flow 
cytometer, and data were analyzed with FlowJo™ Software 
(BD Life Sciences, New Jersey, USA). Monocytes were 
identified using forward and side scatter, and the mean fluo-
rescence intensity (MFI) was used as the main study parame-
ter. Fluorescence signal of an isotype control (murine VIAP-
IgG1, calf intestine alkaline phosphatase specific, generated 
and validated in our laboratory [14, 15]) was subtracted from 
the MxA MFI to account for unspecific binding on Fc recep-
tors and monocyte auto-fluorescence (Fig. 2).

Serum CRP levels. CRP (mg/L) was measured as part of 
routine diagnostics at the Department of Laboratory Medi-
cine of the Medical University of Vienna (https://​www.​
kimcl.​at). Since participants were not exclusively included 
at admission, the highest CRP level before inclusion was 
used for the analysis.

https://www.kimcl.at
https://www.kimcl.at
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Statistical analysis

Data are shown as mean ± SEM or median [25th, 75th per-
centile] based on data distribution. Normal distribution was 
assessed using the Shapiro–Wilk test. Continuous, normally 
distributed data (i.e., age in Table 1) were analyzed using 
a one-way ANOVA. Categorical variables were compared 
using a Fisher’s exact test. The MxA expression and the 
serum CRP levels of the different groups were compared 
using a Student’s t test or a Kruskal–Wallis test with Dunn’s 
correction as appropriate. A receiver operating characteris-
tic (ROC) curve analysis was performed to assess sensitiv-
ity (Se), specificity (Sp), positive likelihood ratio (LR +) 
and negative likelihood ratio (LR-) of MxA and MxA/CRP 
ratio to differentiate between viral and bacterial infections. 

A p-value < 0.05 was considered as statistically significant. 
Data analysis was performed using GraphPad Prism version 
9.1.2 for macOS (GraphPad Software, San Diego, California 
USA, www.​graph​pad.​com) and IBM SPSS Statistics (IBM 
Corp. Released 2015. IBM SPSS Statistics for Macinstosh, 
version 23.0.0.2 Armonk, NY: IBM Corp.).

Results

Patient characteristics

We included 65 patients with clinical signs and symptoms 
suggestive of an infectious disease (Fig. 1). Blood sam-
ples from 3 patients were used to establish the method, 

symptoms suggestive of an infectious 
disease (n = 65)

Microbiologically  
confirmed viral infection 

(n = 25)

Microbiologically 
confirmed bacterial infection 

(n = 18)

No pathogen detected or 
microbiological/clinical 

evidence for 
viral-bacterial co-infection

(n = 18)

clinical diagnosis

Clinically diagnosed viral 
infection  (n = 1)

viral-bacterial 
co-infection (n = 9)

Clinically diagnosed 
bacterial infection (n = 8) 

3 patients excluded for  
establishment of method

1 patient excluded due to 
diagnosis of HLH

viral infection 
(n = 26)

bacterial infection 
(n = 26)

Fig. 1   Diagnostic algorithm. Patients were allocated to the bacterial 
or viral group in case a pathogen that is compatible with patient’s 
symptoms was microbiologically identified or the diagnosis was 
made by the study team based on history, physical examination, radi-
ological examination and laboratory results. In case a viral and bacte-

rial pathogen was detected or the simultaneous infection was likely, 
patients were allocated to the viral-bacterial co-infection group. Sam-
ples from the first 3 patients were used to establish the FACS method. 
One patient was excluded due to hemophagocytic lymphohistiocyto-
sis (HLH)

http://www.graphpad.com
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and the results were therefore not included in the analysis. 
One patient was diagnosed with hemophagocytic lympho-
histiocytosis and excluded due to possible immunological 
influences on MxA expression independent of infection. 
Tables 1 and 2 illustrate the characteristics of the remaining 
61 patients included in the analysis. In 25 confirmed viral 
infections, influenza A was detected in 21 patients, RSV in 
3 patients, rotavirus in 1 patient. In one patient classified 
as virus-infected, no pathogen was detected and diagnosis 

was made on a clinical basis according to the diagnostic 
algorithm. Among the patients with bacterial infections, 
pathogen detection succeeded in 18 (2 Streptococcus pneu-
moniae, 1 Streptococcus intermedius, 1 Streptococcus pyo-
genes, 2 Staphylococcus aureus, 1 Hemophilus influenzae, 
1 Clostridium difficile, 1 Campylobacter jejuni, 1 Entero-
coccus faecalis, 5 Escherichia coli, 1 Klebsiella variicola 
1 Streptococcus gallolyticus, 1 Bartonella quintana). Of 9 
patients with a viral-bacterial co-infection, a viral pathogen 

Fig. 2   Flow cytometry analysis 
of monocyte MxA expression. 
Representative measurement of 
monocyte MxA expression in 
a patient with a viral infection 
(left column, a-c) and a patient 
with a bacterial infection (right 
column, d-f)
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was detected in all patients (5 influenza A, 4 RSV) and a 
bacterial pathogen in 2 patients (1 S. pneumoniae, 1 E. coli). 
Six patients suffered from viral-bacterial pneumonia, one 
patient from influenza A and a concomitant urinary tract 
infection and one patient from pneumonia and a urinary tract 
infection.

MxA alone or in combination with CRP provides 
a useful parameter to distinguish between viral 
and bacterial infections

Release of type I/III IFN upon viral infection leads to an 
upregulation of MxA in infected and uninfected neighbor-
ing cells [16]. MxA expression in monocytes after IFN 
stimulation is higher than in lymphocytes [17]. Therefore, 
we performed a flow cytometry analysis of monocyte MxA 
expression in patients with confirmed or clinically diagnosed 
viral and bacterial diseases. Monocyte MxA expression was 
considerably higher in patients with viral infections than in 
patients with bacterial disease (83.3 [66.8, 109.4] vs. 33.8 
[29.3, 47.8]; p < 0.0001; Fig. 3a). It should be emphasized 
that monocyte MxA expression was not significantly lower 
in patients with viral-bacterial co-infections compared to 
pure viral infections, pointing to an important limitation 

of the parameter (MFI 53.1 [33.9, 88.9] vs. 83.3 [66.8, 
109.4], p = 0.19). The AUC of MxA for differentiating 
between viral and bacterial diseases was 0.9. At a threshold 
of 62.2, MxA achieved a Se, Sp, LR + and LR- of 92.3% 
[95% CI 75.9–98.6], 84.6 [95% CI 66.5–93.9], 6.00 [95% CI 
2.3–16.0], 0.09 [95% CI 0–0.4], respectively. When only the 
microbiologically confirmed viral and bacterial infections 
were used for the analysis, a similar result was obtained with 
an AUC of 0.88 [95% CI 0.77–0.99]. Se, Sp, LR + and LR- 
were 88.9% [95% CI 67.2–98.03], 84% [95% CI 65.4–93.6], 
5.56 [95% CI 1.9–15.3] and 0.13 [95% CI 0.0–0.5] at the 
same threshold. CRP levels showed an inverse pattern with 
significantly higher levels in patients with bacterial infec-
tions compared to those with viral infections (21.3 [9.1, 
29.4] vs. 5.3 [1.9, 8.1] mg/dl, p < 0.0001; Fig. 3b). Previ-
ous studies have reported that a combination of MxA and 
CRP would improve the diagnostic value of MxA [8]. The 
MxA/CRP ratio was significantly higher in patients with 
viral infections compared to bacterial infections (15.1 [10.1, 
36.3] vs. 1.8 [1.1, 3.5]; p < 0.0001) as well as viral-bacterial 
co-infections (8.8 [1.9, 12.1]; Fig. 3c). Determination of 
the MxA/CRP ratio further improved diagnostic perfor-
mance with an AUC of 0.92 [95% CI 0.84–1; Fig. 3d]. At 
a cutoff value of 4.7, the MxA/CRP ratio achieved a Se, Sp 

Table 1   Demographic and clinical characteristics

Statistically significance was determined using a one-way ANOVA for “age” and a Fisher’s exact test for all other, categorial variables
a record missing in one patient, percentages based on n = 25
b a virus was detected in all patients with co-infections, bacterial pathogens were detected in 2 patients

Characteristics All patients (n = 61) Viral infec-
tions (n = 26)

Bacterial infec-
tions (n = 26)

Co-infections (n = 9) P

Age, y, median (range) 63 (19–88) 62 (21–85) 65.5 (19–88) 63 (54–83) 0.702
Female sex, n (%) 17 (27.9) 9 (34.6) 6 (23.1) 2 (22.2) 0.682
Microbiologically confirmed diagnosis, n (%) 45 (73.8) 25 (96.2) 18 (69.2) 2 (22.2)b  < 0.001
Hospitalized, n (%) 54 (88.5) 21 (80.8) 24 (92.3) 9 (100) 0.342
Antibiotic therapy at time of inclusion, n (%) 31 (51.0) 0 (0) 24 (96.0)a 7 (77.8)  < 0.001
Immunosuppression, n (%) 16 (26.2) 4 (15.4) 9 (34.6) 3 (33.3) 0.270
Duration of symptoms  > 3 days, n (%) 29 (47.5) 8 (30.8) 19 (73.1) 2 (22.2) 0.003

Table 2   Clinical characteristics 
of patients with viral or 
bacterial infections

a p < 0.001 compared to viral infections using a Fisher’s exact test
Patients with co-infections had more than one leading symptom and are thus not included in this table

Type of infection All patients (n = 52) Viral infections 
(n = 26)

Bacterial 
infections 
(n = 26)

Respiratory tract infection, n (%) 29 (55.7) 22 (84.6) 7 (26.9)a

Febrile infection, n (%) 3 (5.7) 3 (11.5) 0 (0)
Gastrointestinal infection, n (%) 5 (9.6) 1 (3.8) 4 (15.4)
Urinary tract infection, n (%) 8 (15.3) 0 (0) 8 (30.8)
Other infections 7 (13.5) 0 (0) 7 (26.9)



1334	 M. Metz et al.

1 3

and a LR- of 84.6% [95% CI 66.5–93.9%], 100% [95% CI 
87.1–100%] and 0.15% [95% CI 0.1–0.4] (Fig. 3d) for dif-
ferentiating viral and bacterial infections.

Subgroup analysis

We specifically addressed the diagnostic value of MxA in 
(a) immunocompromised patients and (b) patients with res-
piratory or febrile symptoms as diagnosing viral infections 
is especially challenging in these patients. A viral patho-
gen was detected in seven immunocompromised patients 
(5 influenza A, 2 RSV). Six patients received immuno-
suppressive therapy due to solid organ transplantation and 
one because of graft-versus-host disease after allogeneic 
bone marrow transplantation. MxA expression was equally 
induced in these patients compared to immunocompetent 
patients (MFI 86.9 ± 48.3 vs. 77.1 ± 20.5, p = 0.43; Fig. 4a) 
suggesting that immunosuppressive therapy does not influ-
ence monocyte MxA expression and its diagnostic utility. 

Among patients with febrile and/or respiratory infections, 
MxA expression was significantly higher in viral infections 
compared with bacterial infections. (Fig. 4b). Finally, we 
also analyzed MxA expression in RSV compared to influ-
enza A infections, because previous reports in children sug-
gested that the underlying pathogen might influence MxA 
induction [10]. Indeed, RSV-infected patients had lower 
monocyte MxA expression in adult patients compared to 
influenza A (95.1 ± 45.0 vs. 50.0 ± 15.3 Fig. 4c) which 
points to a potential diagnostic gap of MxA in clinical rou-
tine as RSV represents a common pathogen in adults with 
respiratory tract infections.

Discussion

Despite the multitude of diagnostic methods available to 
modern medicine, the differentiation between viral and 
bacterial infections often remains a challenge. To close 
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this gap, we measured monocyte MxA expression, which 
is rapidly upregulated after a viral infection and elevated 
over a prolonged period [17]. We show that MxA is a relia-
ble marker to distinguish between viral and bacterial infec-
tion with high sensitivity. We demonstrate that especially 
the combination with CRP further improves the diagnostic 
value of MxA. Our study confirms previous observations 
[8–10, 18] but also points to important limitations of this 
biomarker, such as the presence of viral-bacterial co-infec-
tions. Furthermore, we show that MxA expression is also 
useful in immunocompromised adults.

Viral-bacterial co-infections occur frequently and spe-
cial attention should be paid when interpreting MxA alone 
in these patients. Although its expression in patients with 
viral-bacterial co-infections was lower, it did not differ 
significantly (p = 0.19) compared to patients with isolated 
viral infections in our study. Thus, elevated MxA levels 
should not be misinterpreted as a pure viral infection lead-
ing to a delayed antibiotic therapy. Although a bacterial 
pathogen could not be identified in some patients with 
co-infection and thus these patients were classified accord-
ing to clinical criteria, it is likely that MxA expression is 
elevated in all viral-bacterial co-infections. Withholding 
antibiotic treatment in these patients without screening for 
bacterial infections likely results in an unfavorable out-
come. Several studies therefore supported the combination 
of MxA with a biomarker specific for bacterial infections, 
such as CRP [8]. Indeed, the MxA/CRP ratio differed sig-
nificantly between viral infections and co-infections and 

allowed a more reliable differentiation between viral and 
bacterial infections in our study.

Toivonen et  al. [10] reported that induction of MxA 
expression in children with respiratory infections depends 
on the causative virus. While influenza, RSV, coronaviruses 
and parainfluenza viruses trigger a strong MxA response 
in symptomatic children with respiratory infections, MxA 
expression during symptomatic rhinovirus and human 
bocavirus infections appeared to be lower [10]. In contrast 
to children, we observed that the MxA response to influenza 
A virus is higher compared to RSV. Disease severity in viral 
infections is in part determined by the immune response of 
the host [19], and the course of RSV infections in adults is 
usually milder than the flu. Therefore, we hypothesize that 
the differences in MxA expression are mainly due to the 
stronger immune response and relate to the severity of the 
disease rather than the underlying virus. This hypothesis 
is consistent with the observation that patients with severe 
courses of COVID-19 have higher levels of MxA [20].

Another important consideration that should be taken 
into account when interpreting MxA expression is the 
immune status of the patient. Type I interferon-induced 
proteins, including MxA, have been used as biomarkers 
in clinical studies to monitor disease activity and treat-
ment response in patients with autoimmune diseases [21, 
22]. Thus, false-positive results can be anticipated in these 
patients. On the other hand, whether MxA is also a reliable 
marker in immunocompromised patients has been insuf-
ficiently investigated so far. These patients are at high 
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risk for infectious diseases, and differentiating between 
viral and bacterial is even more challenging due to atypi-
cal presentation. Although it is mechanistically conceiv-
able that immunosuppressive therapy impairs the type 
I interferon immune response, previous studies demon-
strated that MxA is a reliable marker for viral infections 
in immunocompromised children after allogenic stem cell 
transplantation or chemotherapy [23, 24]. A recent report 
showed that MxA is also valuable for identifying SARS-
CoV2-infected patients, regardless of their immune status 
[25]. In accordance with these results, we observed no 
difference in monocyte MxA expression in immunocom-
promised compared to immunocompetent adults with viral 
infections.

Our study has some limitations. First, MxA was not meas-
ured on the day of hospital admission. However, due to the 
relatively long half-life of MxA in blood monocytes [17] the 
delayed measurement of MxA in our cohort probably even 
underestimates the diagnostic performance of MxA. Second, 
we used FACS to quantify MxA expression in monocytes, 
which is a highly accurate and sensitive method, but requires 
several preparation steps of whole blood samples, laboratory 
access and experienced personnel limiting its applicability 
as a rapid point-of-care test. However, recent studies inves-
tigated the diagnostic accuracy of FebriDx, a qualitative, 
rapid immunoassay designed to identify elevated blood MxA 
and CRP levels and reported comparable results [11–13, 26, 
27]. Notably, FebriDx also reliably identified patients with 
Covid-19 and could be a valuable tool for triage of patients 
with infectious disease in the future [28–30].

In conclusion, this study demonstrates that MxA is a valu-
able biomarker to readily detect viral infections. The com-
bination of MxA with a common inflammatory biomarker, 
such as CRP, has the potential to reduce unnecessary anti-
biotic prescription.

Acknowledgements  We sincerely thank Claus Wenhardt for his con-
stant, excellent technical support.

Author contributions  S.W. and G.G. contributed to conceptualization; 
M.M. and Z.O. contributed to data duration, formal analysis and inves-
tigation; G.G. and J.S. contributed to methodology; S.W. and G.G. con-
tributed to project administration and supervision; H.B., J.S., H.W. and 
A.W. contributed to resources; S.W. and Z.O. contributed to validation; 
M.M. contributed to visualization and writing—original draft; G.G., 
A.W., H.B., S.W. and Z.O. contributed to writing—review and editing.

Funding  Open access funding provided by Medical University of 
Vienna.

Data availability  Anonymized data are available on request.

Declarations 

Competing interests  The authors have no relevant financial or non-
financial interests to disclose.

Ethics approval  All procedures performed in this study were in accord-
ance with the ethical standards of the institutional ethics committee and 
with the 1964 Helsinki Declaration and its later amendments. The study 
was approved by the Bioethics Committee of the Medical University 
of Vienna.

Consent to participate  Informed consent to participation and publica-
tion was obtained from all individuals included in the study.

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.	 Tamma PD, Avdic E, Li DX, Dzintars K, Cosgrove SE. Associa-
tion of adverse events with antibiotic use in hospitalized patients. 
JAMA Intern Med. 2017;177:1308–15. https://​doi.​org/​10.​1001/​
jamai​ntern​med.​2017.​1938.

	 2.	 Laxminarayan R, Duse A, Wattal C, Zaidi AK, Wertheim HF, 
Sumpradit N, et al. Antibiotic resistance-the need for global solu-
tions. Lancet Infect Dis. 2013;13:1057–98. https://​doi.​org/​10.​
1016/​s1473-​3099(13)​70318-9.

	 3.	 Simon L, Gauvin F, Amre DK, Saint-Louis P, Lacroix J. Serum 
procalcitonin and C-reactive protein levels as markers of bacterial 
infection: a systematic review and meta-analysis. Clin Infect Dis. 
2004;39:206–17. https://​doi.​org/​10.​1086/​421997.

	 4.	 ten Oever J, Tromp M, Bleeker-Rovers CP, Joosten LA, Netea 
MG, Pickkers P, et al. Combination of biomarkers for the dis-
crimination between bacterial and viral lower respiratory tract 
infections. J Infect. 2012;65:490–5. https://​doi.​org/​10.​1016/j.​jinf.​
2012.​08.​004.

	 5.	 Kamat IS, Ramachandran V, Eswaran H, Guffey D, Musher DM. 
Procalcitonin to distinguish viral from bacterial pneumonia: a sys-
tematic review and meta-analysis. Clin Infect Dis. 2020;70:538–
42. https://​doi.​org/​10.​1093/​cid/​ciz545.

	 6.	 Rhedin S, Lindstrand A, Rotzén-Östlund M, Tolfvenstam T, Ohr-
malm L, Rinder MR, et al. Clinical utility of PCR for common 
viruses in acute respiratory illness. Pediatrics. 2014;133:e538–45. 
https://​doi.​org/​10.​1542/​peds.​2013-​3042.

	 7.	 Sadler AJ, Williams BR. Interferon-inducible antiviral effectors. 
Nat Rev Immunol. 2008;8:559–68. https://​doi.​org/​10.​1038/​nri23​
14.

	 8.	 Engelmann I, Dubos F, Lobert PE, Houssin C, Degas V, Sardet 
A, et al. Diagnosis of viral infections using myxovirus resistance 
protein A (MxA). Pediatrics. 2015;135:e985–93. https://​doi.​org/​
10.​1542/​peds.​2014-​1946.

	 9.	 Chieux V, Hober D, Harvey J, Lion G, Lucidarme D, Forzy G, 
et al. The MxA protein levels in whole blood lysates of patients 
with various viral infections. J Virol Methods. 1998;70:183–91. 
https://​doi.​org/​10.​1016/​s0166-​0934(97)​00177-8.

	10.	 Toivonen L, Schuez-Havupalo L, Rulli M, Ilonen J, Pelkonen J, 
Melen K, et al. Blood MxA protein as a marker for respiratory 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1001/jamainternmed.2017.1938
https://doi.org/10.1001/jamainternmed.2017.1938
https://doi.org/10.1016/s1473-3099(13)70318-9
https://doi.org/10.1016/s1473-3099(13)70318-9
https://doi.org/10.1086/421997
https://doi.org/10.1016/j.jinf.2012.08.004
https://doi.org/10.1016/j.jinf.2012.08.004
https://doi.org/10.1093/cid/ciz545
https://doi.org/10.1542/peds.2013-3042
https://doi.org/10.1038/nri2314
https://doi.org/10.1038/nri2314
https://doi.org/10.1542/peds.2014-1946
https://doi.org/10.1542/peds.2014-1946
https://doi.org/10.1016/s0166-0934(97)00177-8


1337MxA for differentiating viral and bacterial infections in adults: a prospective, exploratory…

1 3

virus infections in young children. J Clin Virol. 2015;62:8–13. 
https://​doi.​org/​10.​1016/j.​jcv.​2014.​11.​018.

	11.	 Self WH, Rosen J, Sharp SC, Filbin MR, Hou PC, Parekh AD, 
et al. Diagnostic Accuracy of FebriDx: A rapid test to detect 
immune responses to viral and bacterial upper respiratory infec-
tions. J Clin Med. 2017. https://​doi.​org/​10.​3390/​jcm61​00094.

	12.	 Sambursky R, Shapiro N. Evaluation of a combined MxA and 
CRP point-of-care immunoassay to identify viral and/or bacterial 
immune response in patients with acute febrile respiratory infec-
tion. Eur Clin Respir J. 2015;2:28245. https://​doi.​org/​10.​3402/​
ecrj.​v2.​28245.

	13.	 Piri R, Ivaska L, Yahya M, Toivonen L, Lempainen J, Kataja 
J, et al. Prevalence of respiratory viruses and antiviral MxA 
responses in children with febrile urinary tract infection. Eur J 
Clin Microbiol Infect Dis. 2020;39:1239–44. https://​doi.​org/​10.​
1007/​s10096-​020-​03836-5.

	14.	 Schrauf C, Kirchberger S, Majdic O, Seyerl M, Zlabinger GJ, 
Stuhlmeier KM, et al. The ssRNA genome of human rhinovi-
rus induces a type I IFN response but fails to induce matura-
tion in human monocyte-derived dendritic cells. J Immunol. 
2009;183:4440–8. https://​doi.​org/​10.​4049/​jimmu​nol.​08041​47.

	15.	 Puck A, Hopf S, Modak M, Majdic O, Cejka P, Blüml S, et al. 
The soluble cytoplasmic tail of CD45 (ct-CD45) in human plasma 
contributes to keep T cells in a quiescent state. Eur J Immunol. 
2017;47:193–205. https://​doi.​org/​10.​1002/​eji.​20164​6405.

	16.	 Haller O, Kochs G. Human MxA protein: an interferon-induced 
dynamin-like GTPase with broad antiviral activity. J Interferon 
Cytokine Res. 2011;31:79–87. https://​doi.​org/​10.​1089/​jir.​2010.​
0076.

	17.	 Ronni T, Melén K, Malygin A, Julkunen I. Control of IFN-
inducible MxA gene expression in human cells. J Immunol. 
1993;150:1715–26.

	18.	 Ivaska L, Niemelä J, Lempainen J, Österback R, Waris M, Vuori-
nen T, et al. Aetiology of febrile pharyngitis in children: Potential 
of myxovirus resistance protein A (MxA) as a biomarker of viral 
infection. J Infect. 2017;74:385–92. https://​doi.​org/​10.​1016/j.​jinf.​
2017.​01.​002.

	19.	 Rouse BT, Sehrawat S. Immunity and immunopathology 
to viruses: what decides the outcome? Nat Rev Immunol. 
2010;10:514–26. https://​doi.​org/​10.​1038/​nri28​02.

	20.	 Lehtinen O, Broman N, Waris M, Vuorinen T, Peltola V, Löyt-
tyniemi E, et al. Association of human myxovirus resistance pro-
tein A with severity of COVID-19. BMC Infect Dis. 2022;22:755. 
https://​doi.​org/​10.​1186/​s12879-​022-​07753-0.

	21.	 Airò P, Ghidini C, Zanotti C, Scarsi M, Cattaneo R, Caimi L, 
et al. Upregulation of myxovirus-resistance protein A: a possible 

marker of type I interferon induction in systemic sclerosis. J 
Rheumatol. 2008;35:2192–200. https://​doi.​org/​10.​3899/​jrheum.​
080418.

	22.	 Psarras A, Emery P, Vital EM. Type I interferon-mediated auto-
immune diseases: pathogenesis, diagnosis and targeted therapy. 
Rheumatology (Oxford). 2017;56:1662–75. https://​doi.​org/​10.​
1093/​rheum​atolo​gy/​kew431.

	23.	 Yoshimasu T, Manabe A, Ebihara Y, Tanaka R, Ooi J, Iseki 
T, et al. MxA expression in patients with viral infection after 
allogeneic stem cell transplantation. Bone Marrow Transplant. 
2003;32:313–6. https://​doi.​org/​10.​1038/​sj.​bmt.​17041​28.

	24.	 Koskenvuo MM, Halminen M, Blomqvist M, Vainionpää R, 
Ilonen J, Julkunen I, et al. Expression of MxA protein in blood 
lymphocytes of children receiving anticancer chemotherapy. 
Pediatr Hematol Oncol. 2006;23:649–60. https://​doi.​org/​10.​1080/​
08880​01060​09568​63.

	25.	 Tong-Minh K, van Hooijdonk S, Versnel MA, van Helden-Meeu-
wsen CG, van Hagen PM, van Gorp ECM, et al. Blood myxovi-
rus resistance protein-1 measurement in the diagnostic work-up 
of suspected COVID-19 infection in the emergency department. 
Immun Inflamm Dis. 2022. https://​doi.​org/​10.​1002/​iid3.​609.

	26.	 Shapiro NI, Self WH, Rosen J, Sharp SC, Filbin MR, Hou PC, 
et al. A prospective, multi-centre US clinical trial to determine 
accuracy of FebriDx point-of-care testing for acute upper respira-
tory infections with and without a confirmed fever. Annals Med. 
2018;50:420–9. https://​doi.​org/​10.​1080/​07853​890.​2018.​14740​02.

	27.	 Shirley M. FebriDx(®): A rapid diagnostic test for differenti-
ating bacterial and viral aetiologies in acute respiratory infec-
tions. Mol Diagn Ther. 2019;23:803–9. https://​doi.​org/​10.​1007/​
s40291-​019-​00433-x.

	28.	 Houston H, Deas G, Naik S, Shah K. Utility of the FebriDx 
point-of-care assay in supporting a triage algorithm for medical 
admissions with possible COVID-19: an observational cohort 
study. BMJ. 2021;11: e049179. https://​doi.​org/​10.​1136/​bmjop​
en-​2021-​049179.

	29.	 Clark TW, Brendish NJ, Poole S, Naidu VV, Mansbridge C, Nor-
ton N, et al. Diagnostic accuracy of the FebriDx host response 
point-of-care test in patients hospitalised with suspected COVID-
19. J Infect. 2020;81:607–13. https://​doi.​org/​10.​1016/j.​jinf.​2020.​
06.​051.

	30.	 Karim N, Ashraf MZ, Naeem M, Anwar T, Aung H, Mallik S, 
et al. Utility of the FebriDx point-of-care test for rapid triage and 
identification of possible coronavirus disease 2019 (COVID-19). 
Int J Clin Pract. 2021;75: e13702. https://​doi.​org/​10.​1111/​ijcp.​
13702.

https://doi.org/10.1016/j.jcv.2014.11.018
https://doi.org/10.3390/jcm6100094
https://doi.org/10.3402/ecrj.v2.28245
https://doi.org/10.3402/ecrj.v2.28245
https://doi.org/10.1007/s10096-020-03836-5
https://doi.org/10.1007/s10096-020-03836-5
https://doi.org/10.4049/jimmunol.0804147
https://doi.org/10.1002/eji.201646405
https://doi.org/10.1089/jir.2010.0076
https://doi.org/10.1089/jir.2010.0076
https://doi.org/10.1016/j.jinf.2017.01.002
https://doi.org/10.1016/j.jinf.2017.01.002
https://doi.org/10.1038/nri2802
https://doi.org/10.1186/s12879-022-07753-0
https://doi.org/10.3899/jrheum.080418
https://doi.org/10.3899/jrheum.080418
https://doi.org/10.1093/rheumatology/kew431
https://doi.org/10.1093/rheumatology/kew431
https://doi.org/10.1038/sj.bmt.1704128
https://doi.org/10.1080/08880010600956863
https://doi.org/10.1080/08880010600956863
https://doi.org/10.1002/iid3.609
https://doi.org/10.1080/07853890.2018.1474002
https://doi.org/10.1007/s40291-019-00433-x
https://doi.org/10.1007/s40291-019-00433-x
https://doi.org/10.1136/bmjopen-2021-049179
https://doi.org/10.1136/bmjopen-2021-049179
https://doi.org/10.1016/j.jinf.2020.06.051
https://doi.org/10.1016/j.jinf.2020.06.051
https://doi.org/10.1111/ijcp.13702
https://doi.org/10.1111/ijcp.13702

	MxA for differentiating viral and bacterial infections in adults: a prospective, exploratory study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods and materials
	Group allocation
	Analytical procedures
	Statistical analysis

	Results
	Patient characteristics
	MxA alone or in combination with CRP provides a useful parameter to distinguish between viral and bacterial infections
	Subgroup analysis

	Discussion
	Acknowledgements 
	References




