
Zhang et al. Respiratory Research          (2022) 23:253  
https://doi.org/10.1186/s12931-022-02139-x

RESEARCH

N-myc and STAT interactor is a novel 
biomarker of severity in community-acquired 
pneumonia: a prospective study
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Teng He and Feng Xu*   

Abstract 

Objectives: To tested the ability of N-myc and STAT interactor (NMI) levels in patients with community-acquired 
pneumonia (CAP) to predict the severity of the disease.

Methods: Prospective observational analysis of patients with CAP was performed. The NMI levels in serum of 394 
CAP patients on admission were measured by immunoassay. Thirty-day mortality and intensive care unit (ICU) admis-
sion were set as clinical outcomes. The predicting value of NMI for clinical outcomes was determined by receiver 
operating characteristic curve and logistic regression analysis. The internal validity was assessed using cross-validation 
with bootstrap resampling.

Results: NMI was an independent risk factor for both 30-day mortality and admission to ICU for CAP patients. The 
area under curve (AUC) of NMI to predict mortality was 0.91 (95% CI: 0.86–0.96), and that to predict ICU admission 
was 0.92 (95% CI: 0.88–0.97), significantly higher than that of other biomarkers including procalcitonin and C-reactive 
protein. The proportion of clinical outcomes notably rose as NMI levels elevated (P < 0.001). The AUCs of the new score 
systems including NMI (N-PSI and N-CURB65 score) to predict outcomes were significantly higher than the original 
score systems.

Conclusions: NMI is a novel biomarker for predicting CAP severity superior to former biomarkers in 30-day mortality 
and ICU admission.
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Introduction
Community-acquired pneumonia (CAP) is a respiratory 
infection which can seriously threaten and affect human 
health, and can be accompanied by acute and severe 
inflammation within the lung [1, 2]. Prior studies have 
suggested that mild pneumonia has a good prognosis, 
but 21% of hospitalized CAP patients need intensive care 
unit (ICU) admission[3]. The mortality of severe CAP is 

estimated at 20–50% [4–6]. Previous studies have shown 
that delay in diagnosis of severe CAP leads to inappropri-
ate therapeutic management of patients [7], thus increas-
ing the length of stay (LOS) and mortality [8]. Therefore, 
early identification of patients with severe CAP is a vital 
issue.

The most commonly used tools for assessing the sever-
ity of CAP are the pneumonia severity index (PSI) and 
the British Thoracic Society (BTS) CURB65 score [9]. 
The PSI uses vital sign measurements (RR ≥ 30/min or 
temperature ≥ 40  °C), laboratory findings (pH < 7.35, 
blood urea nitrogen concentration ≥ 11  mmol/L, and 
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sodium concentration < 130 mmol/l), patient history and 
age to predict 30-day mortality [10]. The CURB65 score 
is the recommended severity assessment strategy in the 
2009 updated version of BTS guidelines [11]. CURB65 
score system includes five indicators: altered mentation, 
blood urea > 7.0  mmol/l, respiratory rate ≥ 30/min, sys-
tolic blood pressure < 90 mmHg or diastolic blood pres-
sure ≤ 60 mmHg, and age ≥ 65 years old. If two or more 
of these criteria are met, the pneumonia is classified as 
moderate to severe [12]. Biomarkers are also widely used 
for assessing the severity of CAP, including procalcitonin 
(PCT), C-reactive protein (CRP), and proadrenomedullin 
(proADM) [13–15]. In most studies of CAP severity eval-
uation tools, one of the most frequently used outcome 
is 30-day mortality [9]. However, some young severe 
CAP patients with good health in the past may have a 
low mortality but a high risk of ICU admission [16], so 
both the 30-day mortality and ICU admission should be 
considered when evaluating the efficacy of CAP severity 
tools.

N-myc and STAT interactor (NMI) is a transcriptional 
regulator of numerous nuclear signaling pathways [17]. 
It has been linked to macrophage activation as well as 
cancer growth and progression [18]. Several studies 
have shown a link between NMI and inflammation. NMI 
plays an important role in pro-inflammatory cytokine 
interleukin (IL)-32ε-mediated apoptosis regulating the 
host defense against pathogens such as Mycobacterium 
tuberculosis [19]. Degradation of NMI was enhanced by 
severe acute respiratory syndrome coronavirus (SARS-
CoV) protein 6 by inhibiting the interferon (IFN) signal 
transduction pathway, ultimately promoting SARS-CoV 
survival in host cells [20]. Wang et  al. found that after 
Sendai virus infection, NMI overexpression mice exerted 
antiviral effects by limiting the overproduction of type I 
IFN[21]. Similarly, Hu et al. found that prototype foamy 
virus replication was reduced by overexpression of NMI 
[22]. Ouyang et  al. found that NMI exacerbates influ-
enza A virus infection by increasing degradation of IRF7 
through tripartite motif 21 [23]. Another study also 
showed that NMI activated macrophages and released 
proinflammatory cytokines [24]. Finally, serum NMI lev-
els of were increased in patients died from severe infec-
tion [24]. These results indicate that NMI is involved in 
the pathogenesis of the inflammatory response, but do 
not define a relationship between NMI levels and CAP 
severity, and do not address the possibility of using NMI 
as a biomarker for disease severity.

In this study, we collected the samples of blood and 
bronchoalveolar lavage fluid (BALF) from CAP patients 
and measured NMI expression to explore whether the 
NMI can be used as a novel biomarker to stratify CAP 
severity and predict the prognosis of CAP.

Materials and methods
Participants
The study was carried out at the Second Affiliated Hos-
pital of Zhejiang University (Hangzhou, Zhejiang, China) 
and was approved by the ethics committee. The serum 
was collected from 394 adult patients with CAP and 40 
healthy controls, and BALF from 37 adult CAP patients 
and 23 controls. All samples were collected from the 
serum and BALF in the clinical laboratory of the Second 
Affiliated Hospital of Zhejiang University from January 
2019 to November 2020. The flow diagrams for serum 
and BALF were shown in Additional file 1:   Fig. S1 and 
S2. Controls for BALF were defined as patients undergo-
ing bronchoscopy due to lung tumors, pulmonary  nod-
ules and other non-infectious diseases. The CAP and 
severe-CAP cohort were defined according to the 2007 
Infectious Diseases Society of America (IDSA)/American 
Thoracic Society (ATS) guidelines [25]. The diagnostic 
process was performed blinded by two chief physicians. 
The exclusion criteria for this study were as follows: (1) 
patients under 18  years old; (2) patients with rheuma-
toid arthritis, systemic lupus erythematosus, and other 
autoimmune diseases etc.; (3) patients who have received 
chemotherapy, immunosuppressive agents, and hormone 
therapy within 4 weeks before the study; (4) patient who 
is using immunosuppressive medications or systemic 
hormone therapy in order to achieve the desired effect of 
immunosuppression (a dose of more than 10 mg/day of 
prednisone or other curative hormones), and continues 
to use these medications within 2  weeks before enroll-
ment; (5) patients who have undergone a bone marrow 
transplant or peripheral blood stem cell transplant; (6) 
patients with HIV infection.

Clinical data collection
Clinical data were extracted from the electronic medi-
cal records of each patient. Coexisting illnesses (hyper-
tensive heart disease, diabetes mellitus, congestive heart 
failure, renal dysfunction, chronic obstructive pulmo-
nary disease, cerebrovascular disease, neoplastic dis-
ease, coronary artery disease and liver disease), the PSI 
and CURB65 score, PCT and CRP levels, white blood 
cell (WBC), neutrophil count, neutrophil count percent-
age (NCP) and radiographic characteristics on the day of 
admission, death and ICU admission within 30 days and 
LOS were recorded in CAP patients.

Methods of measurement
Peripheral venous blood was collected within 24 h after 
admission to the hospital and BALF was gathered at the 
first bronchoscopy examination. Blood samples were 
kept at room temperature for four  hours and centri-
fuged at 1000 rpm for 20 min at 4  °C. Aliquot of serum 
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and BALF were kept at −  80  °C. The concentrations of 
NMI in serum were measured using ELISA kits (CSB-
EL015893HU, CUSABIO) in accordance with the manu-
facturer’s instructions. Tests were perfomed in a blinded 
fashion. All samples were measured using serial dilu-
tions to ensure measured concentrations were within 
the sensitivity range of the ELISA kit. The concentration 
of NMI in the stock solution below the lower limit were 
uniformly quantified as half the lower limit (11.72  pg/
ml). A standard curve was performed for each ELISA 
plate to account for plate-to-plate variation in diagnostic 
sensitivity.

Statistical analysis
We set 30-day mortality and ICU admission as clini-
cal outcomes. A univariate analysis logistic regression 
analysis was carried out to screen potential predictors of 
outcomes with P values < 0.15. Independent risk factors 
for CAP severity were analyzed by a multivariate logis-
tic regression model using variables from the univari-
ate analyses. Subsequently, we assessed the differences 
of serum NMI and other parameters (PCT, CRP, WBC, 
neutrophil count and NCP) between groups that died or 
were admitted to the ICU and groups without these out-
comes. We then used receiver operating characteristic 
(ROC) curve to evaluate the area under the curve (AUC) 
of NMI and other indexes for predicting occurrence of 
30-day mortality and ICU admission, respectively. The 
cut-off value for biomarkers was set at the maximum 
value of Youden’s index (sensitivity + specificity − 1) [26], 
the sensitivity and specificity of these biomarkers were 
also reported. To determine the model’s internal valida-
tion predictive power, the bias-corrected AUC with 95% 
CI was calculated by cross-validation on the base of 1000 
design matrix bootstrap replicates[27]. We further ana-
lyzed differences in the incidence of clinical outcomes 
among various NMI cutoffs by Kaplan–Meier survival 
curves. After that, we assessed the correlation of NMI 
with LOS and other biomarkers using Spearman corre-
lation coefficient. Besides, we evaluated the diversities 
of NMI concentrations in different levels of the PSI and 
CURB65 score and then compared effectiveness of new 
severity score system (N-PSI and N-CURB65 score sys-
tem) with the original score system for predicting clinical 
outcomes by ROC curve. Finally, we compared the levels 
of NMI in BALF between severe and non-severe groups 
of CAP patients.

All results were analyzed by SPSS-16 software and 
GraphPad Prism 8.0 (GraphPad software). Measure-
ment data and enumeration data were expressed by 
median quartile spacing and frequency (percentage), 
respectively. All data were represented by scatter plots. 
Horizontal lines showed the lower quartile, median, and 

upper quartile. Mann–Whitney U test and Kruskal–Wal-
lis H test were used to compare differences between two 
or more groups, and Nemenyi test was used for pair-
wise comparisons after multiple groups. Log-rank test 
was used to verify differences among Kaplan–Meier 
curves. We used method of DeLong et  al. and Z-statis-
tics to determine the difference of AUC between two 
and multiple ROC curves. All tests were two tailed and P 
value < 0.05 was regarded as statistically significant.

Results
Clinical characteristics
The serum cohort consisted of 394 CAP patients with 
a median age of 54 yrs (31–67). The characteristics of 
these patients is shown in Table 1. In the cohort, 59.6% 
(235/394) were male. 27.2% (107/394) of them had an 
antibiotic pretreatment before admission. The top three 
coexisting illnesses were hypertension (17.3%, 68/394), 
diabetes mellitus (9.1%, 36/394) and chronic obstruc-
tive pulmonary disease (4.3%,17/394). 8.6% (34/394) of 
patients had a PSI score IV and 32 patients (8.1%, 32/394) 
had a PSI score V, while 10.7% (42/394) were classified as 
high-risk patients based on CURB65 score (≥ 3 points). 
7.9% (31/394) of the patients died within 30  days of 
admission and 11.7% (46/394) were admitted to the ICU. 
The median age of healthy controls in the serum cohort 
were 37 yrs (28–47) and 40% (16/40) were male. BALF 
was collected from 37 CAP patients and 23 non-infected 
patients. The characteristics of these patients from 
whom BALF was collected are shown in Additional file 1: 
Tables S1 and S2. The clinical basic characteristics com-
paring survivors/non-survivors  and patients admitted/
not admitted to the ICU are shown in Additional file 1: 
Tables S3 and S4.

Logistic regression analysis of NMI and other parameters 
to predict outcomes
Univariate analysis and multivariate binary logistic 
regression analysis were carried out to investigate the 
independent risk indexes in predicting 30-day mortality 
and ICU admission in CAP patients. Univariate analysis 
revealed that age, gender, NMI, PCT, CRP, WBC, Neu-
trophils, NCP, the PSI and CURB65 score were potential 
risk factors in predicting ICU admission (P < 0.15), and 
the above parameters except gender were also candidates 
for predicting 30-day mortality (P < 0.15), (Table 2). Pos-
sible risk factors were further calculated in a multivari-
ate logistic regression analysis. According to the results, 
NMI, CRP and CURB65 score were independent risk fac-
tors for 30-day mortality and NMI, PCT, and CURB65 
score were for ICU admission (P < 0.05), (Table 2).
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Predictive values of NMI for clinical outcomes in patients 
with CAP
30-day mortality and ICU admission were set as clini-
cal outcomes representing the severity of CAP patients. 
Levels of NMI, CRP, PCT, neutrophil count and NCP 
were significantly increased in patients that died or were 
admitted to the ICU, but no significant difference was 
found in WBC (Additional file  1: Figs. S3 and S4). The 

AUC of NMI to predict mortality was 0.91 (95% CI: 0.86–
0.96), much higher than that of PCT [0.79 (95% CI: 0.70–
0.88), P < 0.01], CRP [0.78 (95% CI: 0.69–0.87), P < 0.01], 
WBC [0.59 (95% CI: 0.47–0.71), P < 0.001], neutrophil 
count [0.65 (95% CI: 0.54–0.75), P < 0.001], and NCP 
[0.78 (95% CI: 0.70–0.86), P < 0.01] (Table  3, Additional 
file 1: Fig. S3). The AUC of NMI to predict ICU admis-
sion was 0.92 (95% CI: 0.88–0.97) (Table  3, Additional 

Fig. 1 Kaplan–Meier survival curves by NMI cut-offs value and concentration stratification in CAP patients. Kaplan–Meier survival curves by 
NMI cut-offs value (55.48 pg/ml) for 30-day mortality A and ICU admission (B), and NMI concentration stratification (< 25 pg/ml, 25–50 pg/ml, 
50–100 pg/ml, > 100 pg/ml) for 30-day mortality C and ICU admission (D)

Fig. 2 Distribution of NMI levels by PSI class A and CURB65 score (B). Lower and upper lines indicate the 25th and 75th percentiles; middle lines 
indicate the 50th percentiles. **: P < 0.01, ***: P < 0.001
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file  1: Fig. S4). Furthermore, after internal validation, 
the AUCs of NMI to predict mortality and ICU admis-
sion were 0.91 (95% CI: 0.85–0.95) and 0.92 (95% CI: 
0.88–0.96), respectively (Table 3), which were very close 
to the original AUCs before validation. At the best cut-
off value of NMI (55.48 pg/ml), the Youden index for pre-
dicting 30-day mortality and ICU admission by NMI was 
0.72 and 0.75, respectively, both higher than other serum 
indicators (Table 3).

In addition, we analyzed differences in the incidence 
of clinical outcomes by NMI cut-off value (55.48 pg/ml) 
and across different NMI concentration stratification by 
Kaplan–Meier survival curves. The risk of 30-day mor-
tality and ICU admission increased as the level of NMI 
rose (P < 0.001, Fig.  1A–D). The 30-day mortality rate 
(37.5%) and ICU admission rate (62.5%) were the highest 
in patients with NMI > 100 pg/ml, while the 30-day mor-
tality rate and ICU admission rate were 0.4% and 0.8% in 
patients with NMI < 25 pg/ml, respectively (Fig. 1C, D).

Serum NMI levels of CAP patients with different risk 
stratifications
To compare the differences in serum NMI levels of CAP 
patients with different risk stratifications, we tested 
serum NMI levels in healthy controls and CAP patients. 
Levels of NMI in the serum of patients with severe CAP 
were significantly increased as compared to healthy con-
trols or those with non-severe disease ( P < 0.001) (Addi-
tional file  1:  Fig. S5). We then tested the NMI levels of 
patients with different classes of the PSI and CURB65 
scores. Results showed that NMI levels increased from 
the low-risk group to high-risk group in both PSI and 
CURB65 score system (P < 0.01), except that there was 
no difference between the PSI of IV and V (Fig.  2). We 
also evaluated whether addition of NMI to either the PSI 
score or the CURB65 score improved their predictive 
ability. In our cohort, the AUC of the new score system 
(the N-PSI and N-CURB65 score) for predicting mor-
tality [0.91 (95% CI: 0.86–0.96) and 0.93 (95% CI: 0.89–
0.97), respectively] was significantly increased over the 
scores that did not include the NMI level, and the AUC of 
new score system for ICU admission [0.90 (95% CI: 0.86–
0.94) and 0.92 (95% CI: 0.89–0.96), respectively] was also 
higher than the scores without NMI (Fig. 3, Table 3).

NMI levels in BALF
To further evaluate the broad applicability of NMI pre-
diction on CAP severity, we also measured the levels of 
NMI in BALF of CAP patients and analyzed the differ-
ence of NMI concentrations among severe group, non-
severe group and non-infected controls. A total of 37 
CAP patients were tested, eleven of whom were severe 
CAP. The concentration of NMI in severe CAP patients 

[19573 (9032-115254) pg/ml] was significantly higher 
than that in non-severe CAP group [3690 (1731–6129) 
pg/ml, P < 0.01] and non-infected controls [733.1 (376.7–
1254) pg/m, P < 0.001], and the AUC for predicting severe 
CAP was 0.93 (95% CI: 0.86–1.00) (Fig. 4).

Correlation of NMI with LOS and other indicators
To validate the relationship between serum NMI lev-
els and current severity assessment indicators of CAP, 
we evaluated the correlation of NMI with LOS, PCT, 
CRP, WBC, neutrophil count and NCP using Spearman 

Table 1 Baseline characteristics and outcomes of CAP patients 
from whom serum was collected

Data are presented as median (interquartile range) or n (%)

Characteristics Patients with CAP (n = 394)

Demographic characteristics
 Age (years) 54 (31–67)

 Males 235 (59.6)

Coexisting illnesses
 Hypertensive heart disease 68 (17.3)

 Diabetes mellitus 36 (9.1)

 Chronic obstructive pulmonary 
diseasee

17 (4.3)

 Liver disease 14 (3.6)

 Coronary artery disease 11 (2.8)

 Renal dysfunction 9 (2.3)

 Congestive heart failure 8 (2.0)

 Cerebrovascular disease 8 (2.0)

 Neoplastic disease 8 (2.0)

 Antibiotic pretreatment 107 (27.2)

Laboratory findings
 PCT (ng/ml) 0.28 (0.15–0.59)

 CRP (mg/l) 44.55 (15.98–106.25)

 WBC (10^9/l) 7.95 (6.10–11.30)

 Neutrophils (10^9/l) 6.00 (4.10–8.90)

 NCP (%) 75.70 (67.08–83.65)

Radiographic findings
 Pleural effusion 107 (27.2)

 Multilobar infection 146 (37.1)

PSI class
 I–III 328 (83.3)

 IV 34 (8.6)

 V 32 (8.1)

CURB65 score class
 0–1 323 (82.0)

 2 29 (7.4)

 3–5 42 (10.6)

Clinical outcomes
 30-day mortality 31 (7.9)

 ICU admission 46 (11.7)
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correlation coefficient. As shown in Fig. 5, NMI was sig-
nificantly correlated with LOS (correlation coefficient 
r = 0.4202, P < 0.001), and also with PCT, CRP, WBC, 
neutrophils and NCP.

Discussion
The early stratification of CAP patients helps clinicians 
formulate a diagnosis and treatment plan and optimize 
hospital resource use [28]. NMI is a regulator involved 
in macrophage-induced inflammation. In this study, 
we tested NMI levels in patients with CAP to explore 
whether there might be a role for measuring NMI in pre-
dicting the severity of CAP. We measured NMI levels in 
both serum and BALF of CAP patients and analyzed its 
correlation with 30-day mortality and ICU admission. 
We compared the efficiency of NMI levels in predicting 
CAP severity with other classical CAP severity score sys-
tems and biomarkers. Our results showed that NMI is a 
novel biomarker reflecting the severity of CAP patients.

Many parameters have been studied and widely applied 
to assess the severity of CAP patients, among which the 
PSI and CURB65 score are the most widely used [9]. The 
PSI score can accurately predict the 30-day mortality rate; 
however, the complexity of its 20 variables limits its clinical 
application. As simple as CURB-65 is, it underestimates 
the potential severity of pneumonia in young patients and 
can mistake elderly CAP patients as severe CAP patients 
[9]. An expanded version CURB-65 improved the recog-
nition of patients with severe CAP compared with CURB-
65, but there remains room for improvement [29]. The 
addition of specific biomarkers may further improve the 
predictive ability of these scores in clinical outcomes [30]. 

A more convenient, highly efficient, and earlier recogni-
tion score system is urgently needed.

Some biomarkers were showed to be related to CAP, 
such as PCT, CRP, proADM, and c-terminal vasopres-
sin (copeptin) [14, 15, 31, 32], and they play an important 
role in estimating the severity, treatment, discontinu-
ation, and etiology in the management of CAP patients 
[33]. PCT can help determine whether antibiotics should 
be used or stopped in lower respiratory tract infections 
[33]. However, measuring PCT does not improve the pre-
dictive ability of the PSI/CURB65 score [34] and is insuf-
ficient to distinguish bacterial from viral infection [35]. 
CRP shows only moderate predictive values for mortality 
of CAP [15, 34]. Although CRP indicates bacterial pneu-
monia, their value is limited in predicting the severity of 
CAP in the early stage [36, 37]. Some new biomarkers 
like proADM and copeptin may be useful to infer mortal-
ity and severity of CAP, but further verification is needed 
[9, 38].

In our study, measurement of NMI concentration at 
admission was superior in assessing the severity and 
risk of death of CAP as compared to the serum bio-
markers above. We found a higher comprehensive effi-
ciency of NMI than CRP and PCT in predicting 30-day 
mortality and ICU admission in CAP patients. Serum 
NMI level of patients with severe CAP was also sig-
nificantly higher than that of non-severe CAP patients 
on the day of admission, suggesting that NMI may be 
an early indicator of the severity of CAP. Finally, the 
AUC of the PSI and CURB65 score was significantly 
increased by the addition of NMI for both for 30-day 
mortality and ICU admission. These results indicate 

Table 2 Logistic regression analysis of serum parameters and severity score for predicting 30-day mortality and ICU admission

Gender is categorical variables (male set as 1 and female set as 0). Other indicators are continuous variables. The PSI and CURB65 score are ordered categorical 
variable that calculated as continuous variables (values are set according to their severity grades). The bold value reflects the P value < 0.05, and there is a significant 
difference

Variables Prediction of mortality Prediction of ICU admission

Univariate Multivariate Univariate Multivariate

Odds ratio 
(95% CI)

P value Odds ratio 
(95% CI)

P value Odds ratio 
(95% CI)

P value Odds ratio 
(95% CI)

P value

Age 1.048 (1.026–1.072)  < 0.001 1.032 (1.000–1.069) 0.064 1.040 (1.023–1.059)  < 0.001 1.022 (0.995–1.052) 0.117

Gender 1.702 (0.786–3.993) 0.194 – – 2.327 (1.179–4.943) 0.020 1.655 (0.585–5.064) 0.354

NMI (pg/ml) 1.005 (1.003–1.007)  < 0.001 1.005 (1.003–1.008)  < 0.001 1.010 (1.007–1.014)  < 0.001 1.008 (1.004–1.011)  < 0.001
PCT (ng/ml) 1.037 (1.019–1.059)  < 0.001 0.969 (0.928–1.003) 0.105 1.121 (1.070–1.198)  < 0.001 1.058 (1.013–1.116) 0.019
CRP (mg/l) 1.012 (1.008–1.017)  < 0.001 1.008 (1.001–1.016) 0.026 1.011 (1.008–1.015)  < 0.001 1.000 (0.993–1.007) 0.964

WBC (10^9/l) 1.037 (1.006–1.068) 0.018 1.201 (0.667–1.716) 0.371 1.065 (1.032–1.105)  < 0.001 1.035 (0.758–1.444) 0.829

Neutrophils (10^9/l) 1.058 (1.02–1.097) 0.002 0.780 (0.492–1.526) 0.327 1.088 (1.049- 1.133)  < 0.001 1.013 (0.653–1.536) 0.951

NCP (%) 1.111 (1.066–1.165)  < 0.001 1.080 (0.982–1.197) 0.121 1.083 (1.049–1.121)  < 0.001 1.024 (0.948–1.116) 0.562

PSI 3.117 (2.290–4.434)  < 0.001 0.889 (0.468–1.705) 0.719 2.809 (2.181–3.709)  < 0.001 1.190 (0.664–2.162) 0.560

CURB65 score 3.336 (2.474–4.682)  < 0.001 2.882 (1.529–5.647) 0.001 3.000(2.323–3.972)  < 0.001 2.051 (1.167–3.664) 0.013



Page 7 of 11Zhang et al. Respiratory Research          (2022) 23:253  

Ta
bl

e 
3 

D
ia

gn
os

tic
 p

er
fo

rm
an

ce
 a

na
ly

si
s 

of
 s

er
um

 p
ar

am
et

er
s 

an
d 

se
ve

rit
y 

sc
or

e 
fo

r C
A

P 
pa

tie
nt

s

N
-C

U
RB

65
: c

om
bi

ne
d 

N
M

I w
ith

 C
U

RB
65

 s
co

re
, N

-P
SI

: c
om

bi
ne

d 
N

M
I w

ith
 P

SI
; *

: P
 <

 0
.0

5,
 *

*:
 P

 <
 0

.0
1,

 *
**

: P
 <

 0
.0

01
 c

om
pa

re
d 

w
ith

 N
M

I u
si

ng
 th

e 
z 

st
at

is
tic

; &
&
: P

 <
 0

.0
1,

 &
&

&
: P

 <
 0

.0
01

 c
om

pa
re

d 
w

ith
 N

-P
SI

 u
si

ng
 th

e 
no

np
ar

am
et

ric
 m

et
ho

d 
of

 D
eL

on
g 

et
 a

l.;
 ##

: P
 <

 0
.0

1,
 ##

# : P
 <

 0
.0

01
 c

om
pa

re
d 

w
ith

 N
-C

U
RB

65
 s

co
re

 u
si

ng
 th

e 
no

np
ar

am
et

ric
 m

et
ho

d 
of

 D
eL

on
g 

et
 a

l.,
 §

: I
nt

er
na

lly
 v

al
id

at
ed

 A
U

C 
w

ith
 9

5%
 C

I b
y 

bo
ot

st
ra

p

Pr
ed

ic
tio

n 
of

 m
or

ta
lit

y
Pr

ed
ic

tio
n 

of
 IC

U
 a

dm
is

si
on

Cu
t-

off
 

va
lu

e
AU

C 
(9

5%
 C

I)
AU

C 
(9

5%
 C

I) 
§

Se
ns

iti
vi

ty
 

(%
)

Sp
ec

ifi
ci

ty
 

(%
)

Yo
ud

en
 

in
de

x
Cu

t-
off

 
va

lu
e

AU
C 

(9
5%

 C
I)

AU
C 

(9
5%

 C
I) 

§
Se

ns
iti

vi
ty

 
(%

)
Sp

ec
ifi

ci
ty

 
(%

)
Yo

ud
en

 in
de

x

N
M

I (
pg

/m
l)

55
.4

8
0.

91
 (0

.8
6–

0.
96

)
0.

91
 (0

.8
5–

0.
95

)
87

.1
0

85
.1

2
0.

72
55

.4
8

0.
92

 (0
.8

8–
0.

97
)

0.
92

 (0
.8

8–
0.

96
)

86
.9

6
88

.2
2

0.
75

PC
T 

(n
g/

m
l)

0.
89

0.
79

**
 

(0
.7

0–
0.

88
)

0.
80

 (0
.7

0–
0.

88
)

64
.5

2
86

.6
1

0.
51

0.
80

0.
80

**
 

(0
.7

2–
0.

88
)

0.
80

 (0
.7

3–
0.

88
)

65
.3

2
87

.7
6

0.
53

C
RP

 (m
g/

l)
12

5.
1

0.
78

**
 

(0
.6

9–
0.

87
)

0.
78

 (0
.6

8–
0.

86
)

61
.2

9
75

.1
2

0.
36

12
3.

5
0.

76
**

* 
(0

.6
9–

0.
84

)
0.

76
 (0

.6
9–

0.
83

)
56

.5
1

85
.3

0
0.

42

W
BC

 (1
0^

9/
l)

13
.1

5
0.

59
**

* 
(0

.4
7–

0.
71

)
0.

59
 (0

.4
7–

0.
70

)
35

.4
8

84
.8

1
0.

20
14

.8
5

0.
58

**
* 

(0
.4

8–
0.

69
)

0.
58

 (0
.4

7–
0.

68
)

32
.6

1
90

.2
0

0.
23

N
eu

tr
op

hi
ls

 
(1

0^
9/

l)
5.

55
0.

65
**

* 
(0

.5
4–

0.
75

)
0.

65
 (0

.5
4–

0.
74

)
80

.6
5

45
.7

3
0.

26
11

.2
0

0.
63

**
* 

(0
.5

3–
0.

72
)

0.
63

 (0
.5

2–
0.

72
)

36
.9

6
87

.0
5

0.
24

N
C

P(
%

)
77

.1
5

0.
78

**
 

(0
.7

0–
0.

86
)

0.
78

 (0
.7

0–
0.

85
)

90
.3

2
58

.8
4

0.
49

81
.4

5
0.

73
**

* 
(0

.6
5–

0.
82

)
0.

73
 (0

.6
5–

0.
82

)
69

.5
7

72
.3

3
0.

42

PS
I

3.
5

0.
85

&&
 

(0
.7

7–
0.

94
)

0.
85

 (0
.7

7–
0.

92
)

88
.4

3
77

.4
2

0.
66

3.
5

0.
84

&&
&  

(0
.7

7–
0.

90
)

0.
84

 (0
.7

7–
0.

90
)

65
.2

2
89

.6
6

0.
55

N
-P

SI
3.

5
0.

91
 (0

.8
6–

0.
96

)
0.

91
 (0

.8
6–

0.
95

)
86

.7
8

83
.8

7
0.

71
2.

5
0.

90
 (0

.8
6–

0.
94

)
0.

90
 (0

.8
6–

0.
93

)
91

.3
0

74
.7

1
0.

66

C
U

RB
65

 s
co

re
1.

5
0.

86
##

 
(0

.7
7–

0.
95

)
0.

86
 (0

.7
6–

0.
93

)
83

.8
7

87
.6

0
0.

71
1.

5
0.

84
##

#  
(0

.7
6–

0.
91

)
0.

84
 (0

.7
6–

0.
90

)
73

.9
1

89
.3

7
0.

63

N
-C

U
RB

65
 

sc
or

e
2.

5
0.

93
 (0

.8
9–

0.
97

)
0.

93
 (0

.8
9–

0.
96

)
83

.8
7

92
.8

4
0.

77
1.

5
0.

92
 (0

.8
9–

0.
96

)
0.

92
 (0

.8
9–

0.
95

)
80

.4
3

86
.4

9
0.

67



Page 8 of 11Zhang et al. Respiratory Research          (2022) 23:253 

the potential value of NMI in the clinical assessment of 
CAP severity.

Previous studies have already shown that NMI is associ-
ated with various inflammatory diseases while the serum 

NMI level was low in healthy people or mice without infec-
tion [18, 23, 24]. Xiahou et al. found that serum NMI levels 
significantly increased in sepsis patients and were associated 
with mortality [24]. Wu et al. showed that NMI expression 

Fig. 3 Optimized effect of NMI on the PSI and CURB65 for predicting clinical outcomes. Comparison of ROC curves between N-PSI and PSI for 
predicting 30-day mortality A and ICU admission (B). ROC curves between N-CURB65 score and CURB65 score for 30-day mortality C and ICU 
admission (D)

Fig. 4 NMI levels in BALF A and ROC curve of NMI to predict severe CAP (B). Lower and upper lines indicate the 25th and 75th percentiles; middle 
lines indicate the 50th percentiles. *: P < 0.05, **: P < 0.01, ***: P < 0.001
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in human lung A549 cells was increased after H3N2 SIV 
infection. NMI levels also were elevated in serum and 
liver tissue of patients with hepatitis B virus-related acute-
to-chronic liver failure and the concentrations of NMI 
decreased when in convalescent stage of disease [18]. Our 
study showed that the NMI levels in both serum and BALF 
significantly increased in CAP and that NMI levels were 
positively correlated with mortality and ICU admission. 
Together, these results are consistent with the idea that NMI 
expression in both serum and local tissue are increased in 
infectious diseases, and might be related to the prognosis of 
the disease. Interference with NMI expression may relieves 
inflammation and improve prognosis. One set of experi-
ments confirmed that NMI and interferon-induced protein 
35 knockout mice had reduced inflammation and mortality 
in a sepsis model [24]. Similarly, apoptosis induced by foot 
and mouth disease virus was significantly inhibited after 
silencing NMI expression [39]. Therefore, the NMI might 
be used not only as a predictor of the severity, but also as a 
therapeutic target of CAP patients in the future.

Conclusion
In this cohort study, we tested the NMI levels in serum 
and BALF of CAP patients and found that NMI levels 
are increased in severe CAP patients. We demonstrated 
that NMI can act as a novel predictive biomarker for 
the 30-day mortality and ICU admission, and is a useful 

measure for early risk stratification and accurate clinical 
decision-making in CAP.
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