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Metagenomic sequencing with spiked-in internal control to 

monitor cellularity and diagnosis of pneumonia 
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ear editor 

We read with interest the study by Peng and colleges show- 

ng the performance of metagenomic Next-Generation Sequenc- 

ng (mNGS) in detecting pulmonary pathogens was not superior 

o conventional microbiological tests (CMT) in a cohort of 101 im- 

unocompromised adults. 1 Indeed, although mNGS enables untar- 

eted “pan-pathogen” detection that covers a broad array of mi- 

roorganisms with known genomic sequences, clinical application 

f this test has encountered challenges. For instance, the diagnos- 

ic sensitivity is affected by the quantity of host DNA, which varies 

onsiderably from sample to sample. 2 Host cell depletion tech- 

iques have been used to improve the sensitivity of mNGS but 

ay lead to unspecific removal of pathogens. 3 In our independent 

tudy, we developed a spike-in internal control to assess the abun- 

ance of host and microbial DNA in bronchoalveolar lavage fluid 

BALF) and evaluated the analytical and diagnostic performance of 

NGS with and without host depletion in a cohort of 205 patients 

uspected of lower respiratory tract infections ( Supplementary Ta- 

le 1 ). 

As shown by our data ( Fig. 1 A, B ) and previous studies, 4 the

icrobial reads decreased with elevating concentrations of host 

ells in the sample, independent of whether PCR-based or PCR- 

ree library preparation was used. It has been proposed that a nu- 

leic acid internal control spiked at constant concentrations into 

ll specimens could be utilized ( Fig. 1 C ) to monitor the cellu-

arity and microbial abundance. 2 Therefore, we designed double- 

tranded DNA to serve as spiked-in internal control (hereinafter re- 

erred to as spike) that shared no significant homology to genomes 

f any known organisms. We tested five spike molecules of vary- 

ng length and nucleotide sequences, which were added into arti- 

cial samples containing different concentrations of human cells. 

s expected, spike RPM was positively correlated with input DNA 

uantity, but inversely correlated with the amount of host cells 

 Fig. 1 D ). We then added spike 1 to each BALF sample and carried

ut mNGS testing to evaluate the relationship between spike RPM 

nd nucleated cell count. Both spike RPM and host index ( Supple- 

entary Materials ) were inversely correlated with cell count (R 

2 

f 0.6278 and 0.6331, respectively) ( Fig. 2 A, B ). Notably, cell-free 

NA (cfDNA) derived from host was also present in BALF, 5 which 

annot be quantified by cell counting. 

We then examined the effect of saponin-based differential ly- 

is for removing host cells. We discovered a total of 8 cases in 

hich initial mNGS missed microorganisms that were detected af- 

er host depletion (8/205, 3.90%). These included 4 cases of My- 

obacterium tuberculosis (MTB), 2 cases of Aspergillus fumigatus (AF) 
ttps://doi.org/10.1016/j.jinf.2021.09.018 

163-4453/© 2021 The British Infection Association. Published by Elsevier Ltd. All rights r
nd 2 cases of Candida albicans (CA) ( Fig. 2 C ). Saponin treatment 

as led to both increases and decreases of microbial reads ( Fig. 2 D, 

upplementary Fig. 1 ). The enrichment in bacterial and mycobac- 

erial reads was more apparent as compared to fungi and viruses. 

he main pathogen loss due to host depletion was Pneumocystis 

irovecii (two cases, RPM decreased by 7695.87 and 8397.47, respec- 

ively). Pre-depletion mNGS was in agreement with post-depletion 

NGS in 94.79% of samples ( Fig. 2 E ). 

To evaluate the analytical performance of mNGS in microbial 

etection, we used a combination of conventional tests as or- 

hogonal methods. These included culture, acid-fast bacillus (AFB) 

tain, galactomannan antigen test (GM test), 1–3- β- d -glucans anti- 

en test ( G test), glucuronoxylomannan antigen test (GXM test), 

nd PCR assays such as GeneXpert.TB, Mycoplasma pneumoniae, 

hlamydia pneumoniae , adenovirus and cytomegalovirus ( Supple- 

entary Fig. 2 ). Overall, the traditional tests were positive in 

4/205 (31.22%) samples, in which 51 had matching mNGS re- 

ults (79.69%) ( Supplementary Table 2 ). We discovered one case 

f Cryptococcus and 4 cases of MTB via glucuronoxylomannan test 

nd GeneXpert.TB, respectively, which were missed by both pre- 

epletion and post-depletion mNGS. When all traditional methods 

ere negative, diagnosis was adjudicated by at least two physi- 

ians based on mNGS and clinical manifestations such as patients’ 

ymptoms, chest CT and responses to empirical antibiotics. Among 

05 patients, 15 (7.32%) were diagnosed with non-infectious dis- 

ases. The remaining 190 (92.68%) were diagnosed with infec- 

ious pneumonia. The microbiological etiology was confirmed in 

15 (60.53%) patients ( Fig. 2 E ). In these cases, mNGS achieved a 

etection rate of 93.04% (107/115), compared with 49.57% (57/115) 

y traditional methods. 

Of all patients enrolled, mNGS provided useful diagnostic clue 

n 123 patients (60.00%), 64 of which were primarily diagnosed 

y mNGS (all conventional methods were negative). On the other 

and, conventional tests were useful in 67 patients (32.68%), 8 of 

hich were solely diagnosed by conventional methods ( Fig. 2 F ). 

e found mNGS to be beneficial in diagnosing lung abscess (es- 

ecially caused by anaerobic bacteria), tuberculosis, aspergillosis, 

acterial pneumonia (mainly Streptococcus pneumoniae ), Pneumo- 

ystis jiroveci pneumonia (PJP), Chlamydia/Mycoplasma pneumonia, 

on-tuberculous Mycobacteria (NTM) pulmonary infections etc., for 

hich conventional methods were either not readily available in 

ll hospitals ( i.e. Pneumocystis jiroveci , chlamydia/mycoplasma), dif- 

cult to perform ( i.e. culture of anaerobes) or time-consuming ( i.e. 

ulture of Mycobacteria). 

On the other hand, the lack of pathogens in mNGS were use- 

ul for clinicians to rule out microbial infections, including 6 cases 

f interstitial pneumonia, 4 cases of lung carcinoma, one case of 

eart failure, one case of hypersensitivity pneumonitis, one case 

f chronic obstructive pulmonary disease (COPD) and one case 

f radiation pneumonitis. In these patients, mNGS detected com- 
eserved. 

https://doi.org/10.1016/j.jinf.2021.09.018
http://www.ScienceDirect.com
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Fig. 1. Sensitivity of mNGS in is negatively affected by host cells. Different concentrations (CFU/mL) of inactivated Pseudomonas aeruginosa and Candida parapsilosis were 

mixed with different amount of human cells (10 4 – 10 7 copies/mL Jurkat cells) and mNGS was performed. The microbial RPM was plotted against microbial concentrations 

( A, B ). Each dot represented an individual sequencing library. PCR-based library preparation was shown as green while PCR-free library preparation was shown as red. A 

spike-in nucleic acid could be used as an internal control to calculate the relative quantity of both host and microbial DNA to spike DNA ( C ). Five different spike molecules 

were prepared and tested in artificial samples containing varying concentrations of human cells (Jurkat) and spike RPM was plotted against the cell count ( D ). 
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on respiratory colonizers such as Haemophilus, Streptococcus, Pre- 

otella, Actinomyces species, common skin colonizers such as Pro- 

ionibacterium, Malassezia species, and human herpesviruses, Can- 

ida species, Torque teno virus ( Supplementary Table 2 ). 

In summary, prior to the decision of using mNGS for diagno- 

is, one should be aware of both the utility and drawbacks of this 

echnique. It is suitable for detecting a wide array of pathogens, 

specially rare and polymicrobial infections. We showed in this 

tudy that mNGS is effective for detecting pathogens for which 

onventional methods are lacking or inaccessible. However, due 

o the “pan-pathogen” aspect of mNGS, a comprehensive under- 

tanding of respiratory infections and sufficient knowledge in mi- 
e2 
robiology are important for interpretation of results. Moreover, 

ost depletion causes both increases and decreases of micro- 

ial reads and should be carefully evaluated and performed with 

aution. 

Supplementary Fig. 1. The heat map of microbial RPM before 

nd after host depletion. The RPM of each detected microbial 

pecies in pre-depletion and post-depletion samples was plotted. 

he sample IDs were shown in Y-axis while the microbial species 

ere shown in X-axis. 

Supplementary Fig. 2. The conventional microbiological tests 

sed for pathogen detection. The traditional diagnostic tests were 

erformed in parallel with mNGS. 



H. Zhou, C. Ouyang, X. Han et al. Journal of Infection xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: YJINF [m5G; October 8, 2021;10:38 ] 

Fig. 2. Spike-in internal control for host DNA quantification. The nucleated cell count was measured by AO/PI dual fluorescence staining and plotted for 205 BALF samples. 

A linear regression was plotted using spike RPM ( A ) or host index ( B ) against the nucleated cell count. For each sample, mNGS was carried out twice: one for the original 

sample, the other for the sample with host cells removed. The host indices for all original samples were shown as box plot with Interquartile range. In addition, the host 

indices were shown for pre-depletion samples that missed microorganisms in the original mNGS but were detected after host depletion and confirmed by reference methods 

( C ). The change of microbial RPM before and after host depletion was plotted in ( D ). The percentage of diagnosed patients and patients with known etiology were shown in 

( E ). The number of patients diagnosed via mNGS, conventional methods and/or clinical manifestations were shown in ( F ). 
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