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Background: The aim of this study was to assess L-lactate and D-lactate in endotracheal aspirate 

from intubated patients hospitalized at the intensive care unit and explore their use as diagnostic 

biomarkers for inflammation and lower respiratory tract infections (LRTI).

Methods:  Tracheal aspirates from 91 intubated patients were obtained at time of intubation and 

sent for microbiological analyses, neutrophil count and colorimetric lactate measurements. We 

compared the concentration of lactate from patients with microbiological verified LRTI or 

clinical/radiological suspicion of LRTI with a control group. In addition, associations between 

inflammation and the lactate isomers were examined by correlating L-lactate and D-lactate with 

sputum neutrophils and clinical assessments.

Results: The concentration of L-lactate was increased in aspirates with verified or suspected LRTI 

(p<0.001) relative to the control group at day 0. Connections between L-lactate and inflammation 

were indicated by the correlation between neutrophils and L-lactate (p<0.001). We found no 

increase in sputum D-lactate from patients with verified or suspected LRTI relative to the control 

group and D-lactate was not correlated with neutrophils. 

Conclusion:  L-lactate was found to be a potential indicator for inflammation and LRTI at the 

time of intubation. An association was found between neutrophil count and L-lactate. 

Interestingly, the increase of L-lactate in the control group after intubation may suggest that 

intubation challenges the host response by inflicting tissue damage or by introducing infectious 

microbes.  

Background: 

Globally, lower respiratory tract infection (LRTI) is one of the five leading causes of cause-

specific deaths and years of life lost [1]. Patients hospitalized with LRTI are proved to have an 

increased mortality rate compared to the background population, and mortality can even increase 

with more than 50% in patients admitted to the intensive care unit (ICU) [2]. LRTI are resource 

demanding and expensive for a society, and the burden may only become heavier in the years to 

come because of the increasing average life expectancy [3]. From a socio-oriented perspective it is A
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therefore both resource-releasing, and economically profitable with faster diagnosis, and thus 

more effective treatment.

LRTI in the ICU are frequently seen and includes both viral, bacterial, fungal and mixed 

pathogens [4, 5]. Viruses are a frequent course of LRTI in the ICU and the dominating viruses are 

influenza virus, rhinovirus, coronavirus, respiratory syncytial virus, human metapneumovirus, 

parainfluenza virus and adenovirus [4]. [5-7]. Community-acquired LRTI are often of very 

heterogenous microbiological pathogenesis, but is in Europe especially dominated by 

Streptococcus pneumoniae, Haemophilus influenzae and bacteria causing atypical pneumoniae 

such as Legionella pneumophila, Chlamydia pneumoniae, Mycoplasma pneumoniae and rarely 

Chlamydia psittaci  [3]. The hospital-acquired respiratory LRTI, on the other hand, are dominated 

by Staphylococcus aureus, Streptococcus pneumoniae and the Klebsiella species - or at least 

patients often receive antibiotic treatment when these are found in sputum [8]. Of note, it is very 

difficult to distinguish bacterial colonization from infection and inflammation, clinically, in 

patients admitted to the ICU. As such a relevant biomarker for infection is needed and could 

benefit patient treatment.   

Neutrophils are an essential part of the human innate immune system, and crucial for an optimal 

host response to microorganisms [9]. When bacterial infections occur neutrophils are almost 

instantly recruited to the infection-site by various host and pathogen-derived mechanisms [10]. 

Neutrophil energy metabolism used for phagocytosis are derived mainly from glycolysis and 

consequently results in increased production of L-lactate [11]. 

Lactate is the simplest hydroxycarboxylic acid, and is found in two inverted stereoisomers: L-

lactate and D-lactate [12]. Both isomers have the same physical and chemical properties, but differ 

on other parameters including how they are formed and metabolized [13]. L-lactate is under 

natural conditions formed from pyruvate and back by the enzyme L-Lactate dehydrogenase (L-

LDH) [14]. Increased serum L-lactate has for many years been used as an indicator of metabolic 

acidosis as a result of tissue hypoxia, but it can also be due to drugs and toxins, inborn errors of 

metabolism, and underlying disease states [12]. Local production of L-lactate may also occur as 

part of neutrophil energy metabolism e.g. at infection sites [10, 11]. For example, neutrophils in 

inflamed alveoli of cystic fibrosis (CF) patients have shown to be the primary source of L-lactate 

in that compartment, and measurable concentrations of L-lactate reflects neutrophil influx and A
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inflammation in the lower respiratory tract [15, 16]. In addition, L-lactate levels are correlated to 

neutrophil accumulation in sputum from LRTI patients not admitted to the ICU [17]. Measurable 

concentrations of L-lactate could therefore reflect neutrophil influx and inflammation in the lower 

respiratory tract. Therefore, we speculate that L-lactate in aspirate from intubated patients could 

also reflect elevated neutrophil influx and inflammation. 

D-lactate is under natural circumstances only found in nanomolar concentrations in the human 

organism, but may under exceptional circumstances increase to millimolar concentrations [18, 19]. 

Several bacterial strains produce D-lactate in measurable concentrations under anaerobic 

conditions. This including species of the normal intestinal flora, however, these do not pose a risk 

of acidosis as D-lactate is instantaneously converted to acetate and short-chain fatty acids by other 

intestinal microbes [20, 21]. Pathogenic strains do also produce D-lactate as a product of anaerobic 

glycolysis [22, 23]. D-lactate was therefore already in 1986 proposed as a possible indicator for 

bacterial infection [23]. D-lactate has since been studied in various body compartments [17, 24-

28]. However, it has never been investigated in tracheal aspirates from intubated patients admitted 

to the ICU. 

Here we wish to assess L-lactate and D-lactate in sputum from intubated patients hospitalized at 

the intensive care unit and explore their use as diagnostic biomarkers for LRTI.

Materials and methods:

The study was initiated October 1, 2017 and ended March 1, 2018 (6 months) and was conducted 

as a prospective observational study involving 91 patients admitted to the ICU at Copenhagen 

University Hospital - North Zealand, Denmark. Patients were enrolled soon after admission based 

on expected mechanical ventilation for more than 24 hours. LRTI was defined on clinical findings 

involving purulent expectoration, cough, fever, chest pain or infiltrate on X-ray. If possible, 

patients with LRTI were further subdivided into three groups: a group with identified bacteria, a 

group with identified virus and a group with suspicion of LRTI according to infiltrate on X-ray or 

clinical judgement (figure 1). In addition, patients without signs of LRTI served as controls (figure 

1). Patients were assessed according to the Simplified Acute Physiology Score III (SAPS3), which 

is an ICU scoring system used to predict the mortality risk for patients presenting at the ICU, and 

to the Sepsis-related organ failure assessment score (SOFA) at time of hospitalization in the ICU. 

Identification of microbes was performed in tracheal aspirates obtained from the lower airways A
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through the endotracheal tube no later than 12 hours post intubation. The procedure was repeated 

one time daily for the first 5 days and again on day 10 if the patient was still intubated. Bacteria in 

the tracheal aspirates were identified by standard cultivation, atypical bacteria (M.  and L. 

pneumophila, Chlamydia pneumoniae, Mycoplasma pneumoniae and rarely Chlamydia psittaci) 

by real-time PCR (see supplemental figure 1). and viruses were identified using PCR 

(metapneumovirus, rhinovirus, influenza A, influenza B, parainfluenza 1-3, and respiratory 

syncytial virus) (see supplemental figure 2). 

A part of the tracheal aspirates was diluted and resuspended 50 times in PBS buffer (phosphate 

buffered saline), pH 7.4 (Substrate Department, Panum Institute, Denmark). 100 μL diluted 

aspirate was directly transferred to a TruCount tube (BD340334; Becton Dickinson, La Jolla, CA, 

USA) and kept at 5°C for a maximum of 30 min before preparation for analysis of neutrophils by 

flow cytometry. The rest consisting of approximately 1.8 mL diluted aspirate was stored in freezer 

(-80°C) until thaw and analysis for L-lactate and D-lactate. Maximum time on frost was 6 months. 

Flow Cytometry

The concentration of neutrophils in the diluted tracheal aspirate in the TruCount tubes was 

determined by adding 5 μL of each of the following anti-human monoclonal antibodies from 

Becton Dickinson Bioscience: Peridinin chlorophyll A protein (PerCP)-labeled CD14 PerCP 

(BD345786), (Fluorescein isothiocyanate) FITC-labeled CD15 (BD5554019), and allophyocyanin 

(APC)-labeled CD45 (BD555485). The samples were then incubated for 30 minutes and fixated in 

1 mL FACS lysis solution (BD349202) and stored at 5°C overnight. 

Flow cytometric analysis was performed on a FACSCanto flow cytometer (BD Bioscience, La 

Jolla, CA, USA) using a 15-mV argon ion laser tuned at 488 nm, and a red diode laser emitting at 

635 nm for excitation. Leucocytes were selected according to their staining by the CD45 

antibodies, and the neutrophil granulocytes were further identified by their strong staining for 

CD15 and weak staining of CD14 as previously described [29]. The flow cytometer was calibrated 

using Cytometer Setup & Tracking Beads (BD642412).

L-lactate

To determine the concentration of L-lactate in aspirates, we used an L-lactate colorimetric assay 

kit (MAK064, Sigma-Aldrich, USA) consisting of an L-lactate enzyme mix. 
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Frozen samples with diluted tracheal aspirates were thawed and transferred to a 96-well microtiter 

plate. A reaction mix consisting of L-Lactate Assay Buffer, L-Lactate Enzyme Mix and an L-

Lactate Probe were added to the plate and the mixture was incubated for 30 minutes in the dark at 

room temperature. The concentration of L-lactate was estimated using an enzyme linked 

immunosorbent assay (ELISA) plate reader set to 570 nm optical densities (Thermo Scientific 

Multiskan, Denmark). The exact concentration was determined by a standard curve made 

according to the manufacturer’s recommendations.

D-lactate 

To determine the concentration of D-lactate in aspirates, we used a D-lactate colorimetric assay kit 

(MAK058, Sigma-Aldrich, USA) consisting of a D-lactate enzyme mix. 

Frozen samples with diluted tracheal aspirates were thawed and transferred to a 96-well microtiter 

plate. A reaction mix consisting of D-Lactate buffer, D-Lactate Enzyme Mix and D-Lactate 

Substrate were added to the samples and the mixture was incubated for 30 min in the dark at room 

temperature. The concentration of D-Lactate was estimated using an ELISA plate reader set to 450 

nm optical densities (Thermo Scientific Multiskan, Denmark). The exact concentration was 

determined by a standard curve made according to the manufacturer’s recommendations. 

Statistics 

Data distributions were analyzed with Kruskal-Wallis test and Spearman correlation test. P<0.05 

was considered significant. Statistics and graphs were made with GraphPad Prism 8 (GraphPad 

Software, La Jolla, CA, USA).

Results:

A total of 196 patients were screened for inclusion. Five patients were excluded because of lack of 

tracheal aspirate or withdrawal of consent. In total, 91 patients (30 with identified bacterial 

pathogens, 11 with identified viral pathogens, 37 with suspicion of LRTI and 17 without signs of 

LRTI) (figure 1).  

Baseline characteristics of patients: 

Patient characteristics on admission are described in table 1. Thirty-six (40%) were females and 

the median age was 70 years. Sixty-five (71%) patients received antibiotics 10-0 days before 

intubation and 83 (91%) patients received antibiotics 0-5 days after intubation (data not shown). A
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 Lactate in tracheal aspirates 

Tracheal aspirates from day 0 were tested for L-lactate and D-lactate. On day 0 less L-lactate was 

found in aspirates from control patients when compared to the three infected groups (p<0.001) 

(Figure 2A). The content of D-lactate in the aspirates was not found to differ between the groups 

at day 0 (Figure 2B). To examine if the low content of L-lactate in the tracheal aspirates from the 

control group at day 0 was affected by intubation the initial content of L-lactate was compared 

with day 1 to day 4 in the control group. A significantly increased content of L-lactate was 

observed after day 0 (p=0.036) (Figure 3).

Neutrophils and L-lactate in tracheal aspirate

The density of neutrophils was correlated with the level of L-lactate in the tracheal aspirates 

(p<0.001, rho =0.5093) (Fig. 4A). We found no correlation between the density of neutrophils and 

the level of D-lactate in the tracheal aspirates (Fig. 4B).

L-lactate in tracheal aspirate and mortality risk

The level of L-lactate in tracheal aspirates was correlated to the SAPS3 in the initial period on day 

0 to day 2 (p<0.028) (Fig. 5). We found no correlation between SAPS3 and the level of L-lactate 

in tracheal aspirate on day 3, 4, and 10.

Data are presented as % (counts), unless otherwise indicated.
ICU, intensive care unit; IQR, interquartile range; CRP, C-reactive protein; COPD, chronic obstructive pulmonary disease; SOFA, Sepsis-related 
organ failure assessment score; SAPS3, Simplified Acute Physiology Score III.  
SAPS3 were registered for a (n = 59); b (n = 22); c (n = 7); d (n = 23); e (n = 9)
5 patients had both bacteria and virus.
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Discussion: 

To our knowledge this is the first time L- and D-lactate has been compared for the relation to 

LRTI in an ICU setting. According to our primary aim we found an association between increased 

levels of L-lactate in tracheal sputum and LRTI at day 0 (day of intubation) but not for D-lactate. 

This is comparable to Non-ICU studies investigating L- and D-lactate in various body 

compartments [22]. 

The increased L-lactate in the group with lower respiratory tract virus infection as compared to the 

control group at day 0 is unlikely to originate from neutrophils since viral infection generally does 

not cause neutrophil infiltration. In addition, viral particles are not expected to secrete L-lactate by 

them self. However, the increase of L-lactate in the group with lower respiratory tract virus 

infection may result from host cells being infected by virus, since infection of human cells with 

virus, such as influenza virus, respiratory syncytial virus or severe acute respiratory syndrome 

corona virus 2, may induce metabolic reprogramming of the infected cells resulting in increased 

secretion of L-lactate [30]. Our results indicate that sputum L-lactate should be considered for 

evaluation as a potential biomarker, which when increased simultaneous with other relevant 

inflammation biomarkers could strengthen the diagnostics of LRTI. 

Secondarily we found a correlation between neutrophils and L-lactate, indicating a connection 

between L-lactate and neutrophil influx associated to inflammation. Earlier studies of sputum 

neutrophil count have demonstrated this connection which further strengthens our theory that L-

lactate is a neutrophil metabolite and increased L-lactate may indicate ongoing airway 

inflammation in LRTI [17, 31]. A link between L-lactate, neutrophils and lung inflammation may 

also be derived from CF patients with Pseudomonas aeruginosa pneumonia, where the density of 

neutrophils in sputum samples is correlated to the content of L-lactate [32] and to lung 

functionality [33].

In line with the relation of L-lactate to local inflammation as indicated by the correlation of L-

lactate with neutrophils in aspirates, we found a correlation between L-lactate and SAPS3 score at 

day 0 - day 2. This indicates that inflammation affects both the SAPS3 score as well as the 

concentration of L-lactate. An association between the clinical condition and the concentration of 

L-lactate in endobronchial secretions has also been demonstrated in CF patients with chronic lung 

infection [16]. The failure to detect significant correlations between L-lactate and SAPS3 score 

after day 2 may be due to confounding variables such as the reduced number of samples resulting A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

from the demise of the most sick patients and the distribution of L-lactate and SAPS3 score may 

also be different for the patients remaining at the ICU for three days or more due to an increased 

fraction of less sick patients.

Interestingly, L-lactate was increased in the control group day 1-4 after intubation and at day 1-4 

the L-lactate in the control group resembled the levels of L-lactate in the LRTI group because of 

increasing levels of L-lactate in tracheal aspirate in the control group. We speculate that tracheal 

intubation itself triggers neutrophil influx and inflammation response. Accordingly, intubation 

may induce the expression of damage-associated molecular patterns (DAMPs) resulting from 

concomitant tissue damage. In turn, the DAMPs trigger inflammatory signaling resulting in 

activation and accumulation of neutrophils [34]. In addition, the tube itself, being a foreign body, 

may attract neutrophils. However, the attraction of neutrophils may also result from pathogen-

associated molecular patterns (PAMPs) expressed by microorganisms [35] that may have been 

introduced with the intubation or utilize the intubation tube as nidus for colonization. Further 

studies of L-lactate including other paraclinical tests such as CRP, differential blood count and 

additional microbiological examination are needed to determine if L-lactate may serve as a 

biomarker supporting the clinician in the early intensive decision-making.

Since our samples were exclusively collected as tracheal aspirates it is highly likely that our 

results represent the actual distribution of lactate and neutrophils in the lower airways without 

contamination from the upper airways [17]. The reduction of the number of samples and the 

changed distribution of the patients´ clinical status during the hospitalization may, however, limit 

the conclusions that can be made after day 2. 

Conclusion:

The concentration of L-lactate in tracheal aspirates was found to be a potential indicator for 

inflammation and potential LRTI at the time of intubation. A role as biomarker for inflammation 

was further indicated by the correlation between L-lactate and the density of neutrophils. Future 

studies should investigate the use of L-lactate as a potential biomarker ruling out infection, or 

differentiating between bacterial versus viral infections, in patients in whom it is clinically 

suspected.  
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Furthermore, we found a correlation between L-lactate and inflammation and SAPS3. We found 

no indications for clinical values of D-lactate for LRTI in intubated patients which may reflect that 

D-lactate is not a neutrophil metabolite. 

Interestingly, the increase of L-lactate in the control group after intubation may suggest that 

intubation challenges the host response by inflicting tissue damage or by introducing infectious 

microbes.
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Legends to figures:

Figure 1: Flow chart of study and final diagnoses of patients recruited. LRTI, lower 

respiratory tract infection. 

Figure 2: Lower levels of L-lactate in tracheal aspirates from control patients at day 0. (A) 

Significantly more L-lactate was found in the groups (bacteria, n=30; virus, n=11; Suspect, n=37) 

of infected patients than in the control group (n=17) on day 0. (B) No significant difference in the 

concentration of D-lactate was found between the groups groups (bacteria, n=30; virus, n=11; 

Suspect, n=37 and control, n=17). Comparisons of the groups were performed with Kruskal-

Wallis test (p<0.01). 

Figure 3: Lower levels of L-lactate in tracheal aspirates at day 0 in the control group. 

Significantly less L-lactate was found in the control group on day 0 (n=17) than on day 1 (n=12), 

day 2 (n=9), day 3 (n=6) to day 4 (n=9). Comparisons of the groups were performed with Kruskal-

Wallis test (p<0.01).

Figure 4: Levels of L-lactate correlates with the density of neutrophils in all tracheal 

aspirates. (A) L-lactate was significantly correlated with the density of neutrophils in the aspirates 

(p<0.001; rho=0.5093, n=145). (B) No significant correlation was found between D-lactate and 

neutrophils (P=0.1; rho=-0.1038, n=252). Statistical significance was assessed using Spearman 

correlation test. 

Figure 5: Levels of L-lactate in tracheal aspirates correlates with SAPS3 from day 0 to day 2. 

L-lactate was correlated with SAPS3 on day 0 (P=0.023; rho=0.2948, n=59), on day 1 (P=0.007; 

rho=0.3794, n=49) and on day 2 (P=0.028; rho=0.3432, n=41). Statistical significance was 

assessed using Spearman correlation test.  
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