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Abstract
Background: Community-acquired pneumonia (CAP) is among the deadliest infectious diseases. Severe CAP
progresses rapidly and has a high mortality rate which requires early detection. N-myc and STAT interactor (NMI) is a
novel biomarker involved in in�ammatory diseases.

Methods: Prospective observational analysis of patients with CAP. The NMI levels in serum of 394 CAP patients on
admission were measured to assess the ability of NMI to assess clinical outcomes. The NMI levels in bronchoalveolar
lavage �uid (BALF) of 37 CAP patients were also tested to identify severe and non-severe group.

Results: The serum NMI levels in CAP patients with poor clinical outcomes were signi�cantly higher (P < 0.001) than
those without outcomes. The 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), signi�cantly higher than that of other biomarkers such as PCT and CRP. The
AUC of the new score systems (N-PSI and N-CURB65) to predict outcomes were signi�cantly higher than the original
score systems. Furthermore, the AUC of NMI in BALF was 0.93 (95% CI: 0.86-1.00) for predicting severe CAP.

Conclusions: NMI is a novel effective biomarker for predicting CAP severity.

Introduction
Community-acquired pneumonia (CAP) remains to be one of the most deadly infectious diseases [1]. 44% of CAP
patients experience severe sepsis as a complication [2, 3], and mortality of severe CAP patients can reach 20–25%
who need vasopressor support and require admission to the intensive care unit (ICU) [4].

The omission of severe CAP patients often leads to a delay in appropriate therapeutic management of patients [5],
thus increasing the length of stay (LOS) and mortality [6]. To date, the pneumonia severity index (PSI) and the British
Thoracic Society (BTS) CURB65 score are the most commonly-used severity scoring tools for CAP [7]. The PSI
strati�es patients into �ve classes based on age, the presence of coexisting disease, abnormal physical �ndings (RR 
≥ 30/min or temperature ≥ 40°C), and abnormal laboratory �ndings (pH < 7.35, blood urea nitrogen concentration ≥ 
11 mmol/L, and sodium concentration < 130 mmol/l), and etc. to predict 30-day mortality. CAP with a PSI score ≥ IV is
considered high-risk [8]. The CURB65 score is the recommended severity assessment strategy both in the community
and hospital by the 2009 updated version of BTS guidelines [9]. CURB65 score system includes �ve indicators: altered
mentation, blood urea > 7.0mmol/l, respiratory rate ≥ 30/min, systolic blood pressure < 90mmHg or diastolic blood
pressure ≤ 60mmHg, and age ≥ 65 years old. Each of the indicators counts for one point, and scores ≥ 2 are
classi�ed as moderate-severe pneumonia [10]. Biomarkers are also widely used to assess the severity of
pneumonia,including procalcitonin (PCT), C-reactive protein (CRP), and proadrenomedullin (proADM) [11–13]. In most
studies of CAP severity evaluation tools, 30-day mortality is considered to be the most frequently used outcome [7].
However, some young severe CAP patients with good health in the past may have a low mortality but a high risk of
ICU admission[14], so both the 30-day mortality and ICU admission should be considered when evaluating the e�cacy
of CAP severity tools. The length of stay (LOS) was also related to the severity of CAP, as patients with high PSI grade
had a longer LOS than those with low PSI grade [15].

N-myc and STAT interactor (NMI), a binding partner of N-myc and c-Myc oncogenes, acts as a transcriptional
regulator in multiple signaling pathways in the nucleus [16, 17]. It has been linked to tumor growth and progression as
well as participating with macrophages in the in�ammatory response [18, 19]. NMI plays a key role in pro-
in�ammatory cytokine interleukin (IL)-32ε-mediated apoptosis by inhibiting Wnt/β-catenin signaling and activating c-
myc-mediated apoptosis to regulate the host defense against pathogens such as Mycobacterium tuberculosis[20].
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Severe acute respiratory syndrome coronavirus (SARS-CoV) protein 6 enhanced the degradation of NMI through the
ubiquitin proteasome pathway to inhibit the downstream interferon (IFN) signal transduction pathway and promoted
the survival of SARS-CoV in host cells [21]. Recently, a study showed that by activating nuclear factor-κB through Toll-
like receptor (TLR) 4 as a damage associated molecular pattern, NMI activated macrophages and released
proin�ammatory cytokines [18]. The serum levels of NMI were also increased in patients who died from severe
in�ammation [18]. These results indicate that NMI is involved in the pathogenesis of the in�ammatory response, but
the relationship between NMI levels and CAP severity still remains unknown.

In this study, we explored whether the NMI level can be used as a novel biomarker to stratify CAP severity and predict
the prognosis of severe CAP.

Methods

Participants
The study was carried out at the Second A�liated Hospital of Zhejiang University (Hangzhou, Zhejiang, China) and
was approved by the ethics committee.
The serum of 394 adult patients with CAP and BALF from 37 adult CAP patients and 23 controls were collected from
January 2019 to November 2020 in the Second A�liated Hospital of Zhejiang University. Controls were de�ned as
patients undergoing bronchoscopy due to lung tumors, pulmonary sarcoidosis and other non-infectious diseases. The
exclusive criteria was as follows: 1) patients under 18 years old; 2) patients with autoimmune diseases, such as
systemic lupus erythematosus, rheumatoid arthritis, etc.; 3) patients who received chemotherapy drugs,
immunosuppressive agents or hormones for a long time; 4) patients who underwent bone marrow or peripheral blood
stem cell transplantation; 5) patients with HIV infection. CAP and severe-CAP were diagnosed according to the 2007
Infectious Diseases Society of America (IDSA)/American Thoracic Society (ATS) guidelines [22].

Methods Of Measurement
Peripheral venous blood was collected before antibiotics treatment within 24 hours after admission to the hospital
and BALF was gathered at the �rst bronchoscopy examination. Blood samples were kept at room temperature for 4 h
and centrifuged at 1000 rpm for 20 min at 4°C. Serum and BALF were aliquoted and stored at -80°C. The
concentrations of NMI in serum were measured using ELISA kits (CSB-EL015893HU, CUSABIO) according to the
manufacturer’s protocols.

Clinical Data Collection
Clinical data were extracted from the electronic medical records of each patient. The PSI and CURB65 score, PCT and
CRP concentration, white blood cell (WBC), neutrophil count and neutrophil count percentage (NCP) on the day of
admission, death and ICU admission within 30 days and LOS were recorded in adult CAP patients.

Statistical analysis
First, we assessed the differences of serum NMI and other parameters (PCT, CRP, WBC, neutrophil count and NCP)
between groups suffered poor outcomes and groups without these outcomes. We then used receiver operating
characteristic curve (ROC) to evaluate the area under the curve (AUC) of NMI and other indexes for predicting
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occurrence of 30-day mortality and ICU admission. We also reported sensitivity, speci�city, and Youden index
(sensitivity + speci�city − 1) of these biomarkers. We further analyzed differences in the incidence of clinical
outcomes among various NMI cutoffs by Kaplan-Meier survival curves. After that, we validated the correlation of NMI
with LOS and other biomarkers using Spearman correlation coe�cient. 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 system) with the original score system for predicting clinical outcomes. 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 and MedCalc software. Measurement 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-Wallis
H test were used to compare differences between two or more groups, and Nemenyi test was used for pairwise
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-statistics to determine the difference of AUC between two and multiple ROC curves.
The optimum cut-off values were calculated according to the maximum Youden index [23]. P value < 0.05 was
regarded as statistically signi�cant.

Results

Clinical characteristics
The Hangzhou cohort consisted of 394 CAP patients with a median age of 40 (31–67) and 59.6% of them were male.

16.75% of patients were classi�ed as high-risk according to the PSI score (IV-V grade), while 10.66% were classi�ed as
high-risk patients based on CURB65 score (≥ 3 points).
7.87% of the patients died within 30 days of admission, and 11.68% were admitted to the ICU. The characteristics of
all selected patients were shown in Table 1.
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Table 1
Baseline characteristics and outcome of CAP patients in

Hangzhou cohort.
Characteristics Patients with CAP (n = 394)

Demographic characteristics

Age (years) 40 (31–67)

Males 235 (59.64)

PSI class

I-III 328 (83.25)

IV 34 (8.63)

V 32 (8.12)

CURB65 score class

0–1 323 (81.98)

2 29 (7.36)

3–5 42 (10.66)

Clinical outcomes

30-day mortality 31 (7.87)

ICU admission 46 (11.68)

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

Predictive values of NMI for clinical outcomes in patients with CAP

30-day mortality and ICU admission were set as clinical outcomes representing the severity of CAP patients. Levels of
NMI, CRP, PCT, neutrophil count and NCP were signi�cantly increased in the group with poor clinical outcomes, but no
signi�cant difference was found in WBC (Fig. 1, 2). The AUC of NMI to predict mortality was 0.91 (95% CI: 0.86–0.96)
with a cut-off value of 55.48 pg/ml, 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) (Fig. 1, Table 2). The AUC of NMI to predict ICU admission
was 0.92 (95% CI: 0.88–0.97) (Fig. 2, Table 2). The Youden index for predicting 30-day mortality and ICU admission
by NMI was 72.22% and 75.18%, respectively, both higher than other indicators (Table 2).
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Table 2
Diagnostic performance analysis of CAP patients in Hangzhou cohort.

  Prediction of mortality   Prediction of ICU admission

AUC

(95% 
CI)

Sensitivity
(%)

Speci�city
(%)

Youden
index
(%)

  AUC

(95% 
CI)

Sensitivity
(%)

Speci�city
(%)

Youden
index
(%)

NMI
(pg/ml)

0.91

(0.86–
0.96)

87.10 85.12 72.22   0.92

(0.88–
0.97)

86.96 88.22 75.18

PCT
(ng/ml)

0.79**

(0.70–
0.88)

64.52 86.61 51.13   0.80**

(0.72–
0.88)

65.32 87.76 53.08

CRP (mg/l) 0.78**

(0.69–
0.87)

61.29 75.12 36.41   0.76***

(0.69–
0.84)

56.51 85.30 41.81

WBC
(109/l)

0.59***

(0.47–
0.71)

35.48 84.81 20.29   0.58***

(0.48–
0.69)

32.61 90.20 22.81

Neutrophils
(109/l)

0.65***

(0.54–
0.75)

80.65 45.73 26.38   0.63***

(0.53–
0.72)

36.96 87.05 24.01

NCP (%) 0.78**

(0.70–
0.86)

90.32 58.84 49.16   0.73***

(0.65–
0.82)

69.57 72.33 41.90

PSI 0.85&&

(0.77–
0.94)

88.43 77.42 65.85   0.84&&&

(0.77–
0.90)

65.22 89.66 54.88

N-PSI 0.91

(0.86–
0.96)

86.78 83.87 70.65   0.90

(0.86–
0.94)

91.30 74.71 66.01

CURB65
score

0.86##

(0.77–
0.95)

83.87 87.60 71.47   0.84###

(0.76–
0.91)

73.91 89.37 63.28

N-CURB65
score

0.93

(0.89–
0.97)

83.87 92.84 76.71   0.92

(0.89–
0.96)

80.43 86.49 66.92

N-CURB65: combined NMI/CURB65 score; N-PSI: combined NMI/PSI; *: P < 0.05, **: P < 0.01, ***: P < 0.001
compared with NMI using the z statistic; &&: P < 0.01, &&&: P < 0.001 compared with N-PSI using the nonparametric
method of DeLong et al.; ##: P < 0.01, ###: P < 0.001 compared with N-CURB65 score using the nonparametric
method of DeLong et al.
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In addition, we analyzed differences in the incidence of clinical outcomes across different NMI cutoffs by Kaplan-
Meier survival curves. The risk of 30-day mortality (Fig. 3A) and ICU admission (Fig. 3B) increased as the level of NMI
rose (P < 0.001). 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 mortality rate and ICU admission rate were 0.4% and 0.8% in patients with NMI < 25
pg/ml, respectively. Taken together, the e�ciency of NMI in predicting the mortality and ICU admission of CAP was
better than the commonly used clinical markers, and NMI levels were positively correlated with rates of adverse
clinical outcomes.

Correlation Of Nmi With Los And Other Indicators
To validate the relationship between serum NMI levels and current severity assessment indicators of CAP, we
evaluated the correlation of NMI with LOS, PCT, CRP, WBC, neutrophil count and NCP using Spearman correlation
coe�cient. As shown in Fig. 4, NMI was signi�cantly correlated with LOS (correlation coe�cient r = 0.4202, P < 0.001),
and also with PCT, CRP, WBC, neutrophils and NCP (Fig. 4).

Serum NMI levels of CAP patients with different risk strati�cations

To compare the differences in serum NMI levels of CAP patients with different risk strati�cations, we tested the NMI
levels of patients with different classes of the PSI and CURB65 scores (Fig. 5). Results showed that NMI levels
gradually increased from the low-risk group to high-risk group in both PSI and CURB65 score system (P < 0.001),
except that there were no differences between the PSI scores of IV and V (Fig. 5A). Besides, we evaluated the
corrective effect of NMI on the original severity system in predicting clinical outcomes. AUC of the new score system
(the N-PSI and N-CURB65 score) for predicting mortality (0.91 (95% CI: 0.86–0.96) and 0.93 (95% CI: 0.89–0.97),
respectively) was signi�cantly increased than that of the previous scoring system, and 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 before
(Fig. 6, Table 2).

Nmi Levels In Balf
To further evaluate the broad applicability of NMI prediction on CAP severity, we also measured the levels of NMI in
BALF of CAP patients and analyzed the difference of NMI concentration between severe group and non-severe group.
A total of 37 CAP patients were tested, 11 of whom were severe CAP. The concentration of NMI in severe CAP patients
was signi�cantly higher than that in non-severe CAP group (P < 0.01), and the AUC for predicting severe CAP was 0.93
(95% CI: 0.86-1.00) (Fig. 7). The result suggests that NMI in BALF was also associated with the severity of CAP
patients.

Discussion
The early strati�cation of CAP patients will help optimize hospital resources and formulate a diagnosis and treatment
plan [24]. NMI is a regulator involved in various in�ammatory diseases by participating with macrophages in the
in�ammatory response. In this study, we tested NMI levels in patients with CAP in two separate cohorts to explore the
role of NMI in predicting severity of CAP. We measured NMI levels in both serum and BALF of CAP patients and
analyzed its correlation with clinical outcomes (30-day mortality and ICU admission). We compared the e�ciency of
NMI levels in predicting CAP severity with other classical CAP severity score systems and biomarkers. Our results
showed that NMI is a novel biomarker re�ecting the severity of CAP patients.
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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 recommended in international guidelines [7]. 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 young patients and mistakes elderly CAP patients as severe CAP patients
[7]. The expanded-CURB-65 improved the recognition of patients with severe CAP compared with CUBR-65 to some
extent, but it didn’t involve speci�c biomarkers [25]. Our results showed that it’s not su�cient enough to predict 30-day
mortality or ICU admission based on the PSI or CURB-65 score alone, and the addition of speci�c biomarkers may
further improve the predictive ability of these scores [26]. A more convenient, highly e�cient, and earlier recognition
score system is urgently needed (32).

Some biomarkers were showed to be related to CAP, such as PCT, CRP, proADM, and c-terminal vasopressin (copeptin)
[12, 13, 27, 28], and they play an important role in estimating the severity, treatment, discontinuation, and etiology in
the management of CAP patients [29, 30]. PCT can guide antibiotic treatment or discontinuation in lower respiratory
tract infection [29]. However, PCT can’t improve the predictive ability of the PSI/CURB65 score [31, 32] and is
insu�cient to distinguish bacterial from viral infection [33]. CRP shows only moderate predictive values for mortality
of CAP [13, 34, 35]. Some new biomarkers like proADM and copeptin may be useful to infer mortality and severity of
CAP, but further veri�cation is needed [7, 36]. Although there are some biomarkers such as CRP that can distinguish
bacterial pneumonia, their value in predicting the severity of CAP in the early stage is limited [37, 38].

Compared with the biomarkers mentioned above, our study revealed that NMI concentration at admission is superior
in assessing the severity and risk of death of CAP. First, a higher comprehensive e�ciency of NMI than CRP and PCT
was found in predicting 30-day mortality and ICU admission in CAP patients. Second, the serum NMI level of patients
with severe CAP on the day of admission was signi�cantly higher than that of non-severe CAP patients, suggesting
that NMI is an early indicator of the severity of CAP. Finally, the AUC was signi�cantly increased after adding NMI to
PSI and CURB65 score both for 30-day mortality and ICU admission. All of these indicate the superior potential value
of NMI in the clinical application of CAP.

Previous studies have already shown that NMI is associated with various in�ammatory diseases [18, 19, 39, 40].
Xiahou et al. found that serum NMI levels in human signi�cantly increased in sepsis patients and were associated
with mortality [18]. Wu et al. showed that NMI expression in human lung A549 cells was upregulated after H3N2 SIV
infection [40]. NMI levels also 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 [19]. Our current
results showed that the expression of NMI in both serum and BALF was signi�cantly increased in CAP and that NMI
levels were positively correlated with mortality and ICU admission. Together, the results indicated that NMI expression
in both serum and local tissue were increased in infectious diseases, and might be related to the prognosis of the
disease. Interference with NMI expression presumably relieves in�ammation and improves prognosis as experiments
con�rmed that NMI and IFP35 knockout sepsis mice had reduced in�ammation and mortality [18]. Wang et al. also
found that the apoptosis induced by foot and mouth disease virus was signi�cantly inhibited after silencing NMI
expression [41]. Therefore, NMI can possibly be used not only as a predictor of the severity, but also as a therapeutic
target of CAP patients.

Hitherto, the mechanisms of NMI participating in in�ammatory response have been explored.
Wang et al. found that after Sendai virus infection, NMI overexpression mice exerted antiviral effects by limiting the
overproduction of type I IFN [42]. Similarly, Hu et al. found that overexpression of NMI reduced the replication of
prototype foamy virus [43]. Nevertheless, Cheng et al. found that 293T cells infected with SARS-CoV promoted the
NMI ubiquitin-dependent protein degradation [21]. Xiahou et al further elucidated that NMI acted as a proin�ammatory
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damage associated molecular pattern in mice with sepsis and promoted macrophages to release in�ammatory
factors TNF and IL-6 by activating TLR4 signaling [18]. These evidences indicated that NMI was involved in the
process of infectious diseases. However, the mechanisms of NMI involved in the pathogenesis of bacteria and other
pathogens need further elucidation.

Conclusion
In this cohort study, we tested the NMI levels in serum and BALF of CAP patients and found that NMI acted as a novel
predictive biomarker for the 30-day mortality and ICU admission of CAP, bringing a foreseeable future for early risk
strati�cation and accurate decision-making.
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Figure 1

Differences in levels and ROC curve analysis of NMI (A-B), PCT (C-D), CRP (E-F), WBC (G-H), Neutrophils (I-J) and NCP
(K-L) between survivors and non-survivors in CAP patients. Lower and upper lines indicate the 25th and 75th
percentiles; middle lines indicate the 50th percentiles. **: P < 0.01, ***: P < 0.001 using the Mann–Whitney U test.
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Figure 2

Differences in levels and ROC curve analysis of NMI (A-B), PCT (C-D), CRP (E-F), WBC (G-H), Neutrophils (I-J) and NCP
(K-L) between non-ICU and ICU CAP patients. Lower and upper lines indicate the 25th and 75th percentiles; middle
lines indicate the 50th percentiles. **: P < 0.01, ***: P < 0.001 using the Mann–Whitney U test.

Figure 3

Kaplan-Meier survival curves by NMI cut-offs for 30-day mortality (A) and ICU admission (B) in CAP patients. A
signi�cant difference was measured between the four curves (P < 0.001, log-rank test).
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Figure 4

Correlation of NMI levels with LOS (A), PCT (B), CRP (C), WBC (D), Neutrophils (E), and NCP (F) in CAP patients.
Correlation was assessed using Spearman correlation coe�cient.

Figure 5

Distribution of NMI levels by PSI class (A) and CURB65 score (B) in CAP patients. Lower and upper lines indicate the
25th and 75th percentiles; middle lines indicate the 50th percentiles. P < 0.001 in both A and B among the three
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groups by Kruskal-Wallis H test; **: P < 0.01, ***: P < 0.001 using the Nemenyi test for the comparison in two of
multiple samples.

Figure 6

Corrective effect of NMI on the original severity system for predicting clinical outcomes in a CAP patients.
Comparison of ROC curves between N-PSI and PSI for predicting 30-day mortality (A) and ICU admission (B). ROC
curves were analyzed between N-CURB65 score and CURB65 score for predicting 30-day mortality (C) and ICU
admission (D).
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Figure 7

Difference of NMI levels in BALF between severe and non-severe CAP patients (A) and ROC curve analysis of NMI to
predict severe CAP (B). Lower and upper lines indicate the 25th and 75th percentiles; middle lines indicate the 50th
percentiles. AUC: area under curve; BALF: bronchoalveolar lavage �uid; CAP: community-acquired pneumonia; NMI: N-
myc and STAT interactor; ROC: receiver operating characteristic. *: P < 0.05, **: P < 0.01, ***: P < 0.001, using the
Nemenyi test for the comparison in two of multiple samples.


