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Abstract: Klebsiella quasivariicola was a novel strain of Klebsiella species and had 23 

potential pathogenicity. Our previously studies showed dopamine, one of the most 24 

commonly used rescue drugs for critically ill patients, had clear effects on the growth 25 

of K. quasivariicola in culture medium, however, its effects on host immune system 26 

were ignored. Therefore, in consideration of the host immunity, the interactions of K. 27 

quasivariicola, dopamine and macrophages were explored. In this study, RAW264.7 28 

cells and C57/BL6 mice were infected with K. quasivariicola, and the bacterial growth 29 

in macrophage, the production of inflammatory cytokines and the pathological changes 30 

of mice lung were detected, in the absence or presence of dopamine. Our results showed 31 

dopamine inhibited the K. quasivariicola growth in medium, but promoted the bacterial 32 

growth when K. quasivariicola was co-cultured with macrophages; The expression of 33 

proinflammatory cytokines in K. quasivariicola infected RAW 264.7 were increased, 34 

while a sharp rise was observed with the addition of dopamine; Infection of K. 35 

quasivariicola to mice induced an inflammatory response and lung injury, which were 36 

exacerbated by dopamine administration. It can be concluded that dopamine 37 

administration resulted in a significantly increase of K. quasivariicola burdens in the 38 

presence of macrophage, consequently, aggravated the inflammatory response and 39 

inflammatory injury. 40 

Importance:  41 

Dopamine is one of the most commonly used rescue drugs for critically ill patients. 42 

Here we indicated K. quasivariicola was a potential pathogen of pulmonary infection, 43 

and dopamine significantly increased the proliferation of K. quasivariicola when 44 
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exposed to macrophage, subsequently result in severe inflammatory response and 45 

inflammatory injury. We also proposed an in vitro model of microbes-drugs-host 46 

immune cells that could better mimic in vivo environment and more suitable for the 47 

studies of inhibitor screening. This fundamental work had contributed to the present 48 

understanding of the crosstalk between pathogen, dopamine and host immune cells. 49 

Furthermore, our data showed dopamine was one of the risk factors for patients with K. 50 

quasivariicola infection, which provided a basis for clinical precision medicine. 51 

 52 

Keywords: Klebsiella quasivariicola; dopamine; macrophages;   53 
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Introduction  54 

Nosocomial infection is a serious problem in intensive care units (ICU). It can 55 

cause the increase hospitalization time, risk of complications, and also the additional 56 

financial burdens on patients (1). The risk factors of nosocomial infection include the 57 

use of invasive treatment, the administration of hormones and antibiotics (2, 3). In 58 

addition, recently, examples have been reported that dopamine, a commonly used drug 59 

in ICU, was also associated with infections. Dopamine (DA), one of the most potent 60 

catecholamine vasopressors, is widely used in various clinical settings, especially in 61 

antishock therapy to critically ill patients. However, recently, several clinical studies 62 

indicated the relationship between dopamine and infections, made it necessary to 63 

exercise caution when using dopamine (4-6). A randomized controlled trial of pediatric 64 

septic shock showed the patients treated with dopamine showed a higher rate of 65 

infections than in those treated with epinephrine (7). Similar, Hatachi et al. (8) reported 66 

that the administration of dopamine was a risk factor for infection in children after 67 

cardiac surgery. They indicated that the nosocomial infection rates were related to both 68 

the duration of dopamine administration and the total dopamine dose. In addition, a 69 

retrospective study of extremely preterm infants demonstrated that the increased 70 

amount of dopamine was associated with infection (9). Furthermore, in vivo and in vitro 71 

tests also confirmed that dopamine could affect the growth or virulence of certain 72 

bacteria (10, 11). All these indicated dopamine treatment was linked to infection, in an 73 

ambiguous way.  74 
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Culturomics has facilitated in the large-scale isolation of human bacterial strains 75 

(12) and has provided the foundation for bacterium-drug interaction research (13, 14). 76 

Recently in our lab, based on the culturomic methods, a group of potential pathogenic 77 

bacteria were isolated from sputum sample of the pneumonia patients from ICU. To 78 

explore the relationships between dopamine and these potential pathogenic bacteria, the 79 

growth of some isolated bacteria was detected with the presence of dopamine (Fig S1). 80 

Among them, the growth of Klebsiella quasivariicola, a novel strain of Klebsiella 81 

species, was clearly impacted by dopamine, which engrossed our attention (Fig S1).  82 

Klebsiella quasivariicola was recently sequenced from a human clinical isolate 83 

(15). The whole-genome sequencing data showed that there was an extended-spectrum 84 

β-lactamases enzyme gene in K. quasivariicola genome, which suggested its potential 85 

for causing the serious human infections (15). Later, K. quasivariicola strains were 86 

successively isolated from the wound infections of a diabetic foot infected patient and 87 

the urine samples of community-acquired infections (16, 17). Our results indicated that 88 

Klebsiella quasivariicola was a potential pathogen in pulmonary infection. Other 89 

studies also confirmed that K. quasivariicola strain was multidrug resistant, which was 90 

resistant against norfloxacin, ciprofloxacin, cefazolin and vancomycin (16), indicating 91 

that K. quasivariicola was an important potential pathogen and could not be 92 

underestimated. However, the exact mechanism by which K. quasivariicola infection 93 

remains largely unknown.  94 

Our previously study has clearly showed that dopamine could affect the growth of 95 

K. quasivariicola in vitro (Fig S1A). However, during the interactions between 96 
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dopamine and bacteria, one of the important factors, the host immune system, might be 97 

ignored. In host, alveolar macrophage is the first sentinel to defense against pathogen 98 

in lung. Although the numbers of alveolar macrophages are much less in alveoli, these 99 

cells can constantly patrol among multiple alveoli and eradicate pathogen independent 100 

of neutrophil recruitment (18). Alveolar macrophages can effectively avoid the 101 

inappropriate inflammation and injury and also maintain the pulmonary homeostasis, 102 

however, when large amount or highly virulent pathogens are exposed, a potent 103 

inflammatory response will be triggered. The overstimulated macrophage will release 104 

a variety of proinflammatory cytokines such as IL-6 and TNF-α, creating a cytokine 105 

storm which cause tissue injury, pulmonary dysfunction or even death (19). In clinic, 106 

especially in ICU, the infection of Klebsiella app. always leads to a robust inflammatory 107 

response, which brings a great threat to patients (20). Therefore, it is wondered that if 108 

K. quasivariicola could provoke a macrophage inflammatory response, and if dopamine 109 

has any effect on this process.  110 

In this study, the effects of dopamine on the growth and potential pathogenicity of 111 

Klebsiella quasivariicola was investigated by using both macrophage cell line of 112 

RAW264.7 and mice model. Our results showed dopamine inhibited the growth of K. 113 

quasivariicola in culture medium but promoted the viability of K. quasivariicola in the 114 

precence of macrophages. The K. quasivariicola strain could lead to pulmonary 115 

inflammation. Significantly, the administration of dopamine elevated the expression of 116 

pro-inflammatory factors, thereby exacerbated K. quasivariicola infection. This 117 

fundamental work had contributed to the present understanding of the crosstalk between 118 
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pathogen, dopamine and host immune cells. Furthermore, our data showed dopamine 119 

was one of the risk factors for patients with K. quasivariicola infection, which provided 120 

a basis for clinical treatment. 121 

 122 

Results 123 

Dopamine promoted the proliferation of K. quasivariicola when bacteria were co-124 

cultured with macrophages 125 

To determine the effects of dopamine on K. quasivariicola growth, the bacterial growth 126 

was measured in the presence of dopamine. When cultured in DMEM Basic medium, 127 

the growth of K. quasivariicola treated with 500 μg/ml dopamine exhibited a certain 128 

degree of decline compared to that of bacterial culture without dopamine (Fig.1A,B). 129 

But after incubation with RAW264.7 for 4 h (MOI=10:1), the K. quasivariicola 130 

numbers had a significant increase with the supplement of 500 μg/ml dopamine, both 131 

in cell culture medium (Fig. 1C) and inside the macrophages (Fig. 1D). These indicated 132 

dopamine could promote the proliferation of K. quasivariicola in the presence of 133 

macrophages. 134 

Moreover, the supernatants produced by culturing RAW 264.7 were also collected 135 

for K. quasivariicola cultivation. RAW 264.7 cells were cultured in DMEM Basic 136 

medium with 500 μg/ml dopamine for 4 hours, and then the culture supernatants (cell 137 

free) were collected. Interestingly, the supernatants of RAW 264.7 cells cultured in the 138 

presence of dopamine showed a great capacity to enhance the growth of K. 139 

quasivariicola (Fig.1E). 140 
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 141 

Dopamine significantly elevated the levels of pro-inflammatory factors in RAW 142 

264.7 in response to K. quasivariicola infection 143 

To detected the inflammatory responses triggered by K. quasivariicola, a series of 144 

cytokines produced by RAW 264.7 were measured after K. quasivariicola infections. 145 

Real-time PCR showed the mRNA levels of TNF-α, IL-6 and IFN-γ in RAW 264.7 of 146 

K. quasivariicola group were higher than control group after infection for 4 and 12 147 

hours, respectively (Fig. 2A). After 4 hours-infection with K. quasivariicola, the mRNA 148 

levels of iNOS, IL-6, TNF-ɑ, IFN-γ, chemokines CXCL1, CXCL2, and the NLRP3 149 

inflammasome were all increased in RAW 264.7 cells (Fig. 2B). It was worth noting 150 

that the mRNA levels of these pro-inflammatory cytokines were significantly elevated 151 

when dopamine were added (Kq+DA group) (Fig. 2). Moreover, immunofluorescence 152 

co-localization analysis revealed that NLRP3 expression was obviously increased when 153 

RAW 264.7 was infected with K. quasivariicola (K.q), and that NLRP3 expression was 154 

further risen when dopamine was added (K.q+DA) (Fig. 2C). All these indicated that 155 

K. quasivariicola could trigger the production of a series of pro-inflammatory factors 156 

in RAW 264.7, and the use of dopamine would exacerbate the inflammation.  157 

 158 

K. quasivariicola led to the lung infection and proinflammatory response in mice, 159 

and dopamine made outcome of K. quasivariicola infection worsen  160 

C57/BL6 mice infected with K. quasivariicola were used to create acute lung injury 161 

models (Fig. 3A). After 48 hours-infection, pathological changes in the lung were 162 
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observed. In comparison to the control group, lung tissue of mice infected with K. 163 

quasivariicola showed structural disruption and edema of alveolar epithelial cells, as 164 

well as neutrophil infiltration (Fig. 3B). It demonstrated that K. quasivariicola was a 165 

potential pathogen in pneumonia. It was noted that the inflammatory effects of K. 166 

quasivariicola were obviously aggravated when dopamine was administrated. The 167 

administration of dopamine in K. quasivariicola infected mice induced a complete 168 

destroyed alveolars, along with massive neutrophil infiltration and erythrocyte 169 

diapedesis (Fig. 3B).  170 

The expression of proinflammatory factors in C57/BL6 mice infected with K. 171 

quasivariicola were also measured. Consistent with cell experiment, increased 172 

expression of IL-6, iNOS, TNF-α, CXCL1, CXCL2 and NLRP3 was observed in K. 173 

quasivariicola infected mice, and the expression level of these proinflammatory factors 174 

in infected mice increased significantly with dopamine treatment (Fig 3C). The 175 

immunohistochemical staining revealed that the expressions of IL-6 in lung tissue of K. 176 

quasivariicola infected mice was much higher than in the control group, and the 177 

expressions of IL-6 was further evaluated when dopamine was used (Fig 3D). The 178 

expression of TNF-α and NLRP3 inflammasome in lung tissue was also elevated during 179 

K. quasivariicola infection, but was mainly found in alveolar bronchioles (Fig 3D). 180 

However, dopamine administration resulted in a massive infiltration of immune cells 181 

with TNF- and NLRP3 expression in alveolar (Fig 3D).  182 

 183 

Discussions 184 
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The crosstalk of dopamine and macrophage promoted the proliferation of K. 185 

quasivariicola 186 

Dopamine was commonly used as a rescue drug in the Intensive Care Unit (ICU) 187 

to treat shock. Multiple studies have indicated that dopamine could regulate bacterial 188 

growth. Cuvas Apan et al. (21) found that dopamine at clinically used concentrations 189 

could decrease the growth of Staphylococcus aureus, Staphylococcus epidermidis, 190 

Candida albicans, E. coli and P. aeruginosa, and this effect was more prominent at 191 

higher concentrations. However, some other research showed dopamine promote the 192 

microbial growth of S. Typhimurium, A. pleuropneumoniae and Yersinia ruckeri (11, 22, 193 

23). Our previous studies also proved dopamine can promote or inhibit the growth of a 194 

variety of bacteria derived from lung (Fig S1). It can be seen that the effects of 195 

dopamine on bacteria growth might vary between bacterial species. 196 

However, the majority of these experiments were carried out in bacterial culture 197 

media, which ignored the effects of host immune systems. Therefore, in this study, the 198 

effects of dopamine on bacterial growth were investigated when K. quasivariicola co-199 

cultured with macrophages. Our results showed dopamine inhibited the growth of K. 200 

quasivariicola in culture medium (Fig.1A,B), but significantly promoted the K. 201 

quasivariicola growth in the presence of macrophages (Fig.1C,D), indicating 202 

macrophage play important roles in the interactions between dopamine and K. 203 

quasivariicola.  204 

The same phenomenon was also observed in S. typhimurium. Dichtl et al. (11) 205 

proved dopamine stimulated the intracellular growth of S. Typhimurium by increasing 206 
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the bacterial iron acquisition. Iron was well known to be essential for bacterial growth 207 

and the limitation of iron could impair the replication of bacteria. One of the strategies 208 

for bacteria to collect iron was to synthesize endogenous siderophores, an iron-binding 209 

moieties, to capture and internalize ferric iron (24). It is interesting that a catechol core 210 

structure was found in siderophores. As the shared catechol structure, catecholamines 211 

were later be proved to transfer iron into bacteria, thereby promoted the bacterial 212 

growth in low-iron media (25). It was noting that dopamine could enhance the 213 

proliferation of bacteria only in iron-limited media, not in rich media (22). 214 

Due to the vital of iron, host always to limit the availability of iron for microbial 215 

invaders during infection (26). Macrophages are major sites of iron storage in body, and 216 

maintain intracellular iron homeostasis by regulating the uptake, storage and release of 217 

iron. Studies showed dopamine stimulation could promote the iron accumulation in 218 

macrophages and results in the increase of intracellular bacterial growth (27). This 219 

explained why higher numbers of K. quasivariicola were found in macrophages in the 220 

presence of dopamine. 221 

Moreover, the K. quasivariicola growth in the supernatant of RAW 264.7 cell 222 

culture medium with dopamine was also increased (Fig.1E), giving us a hint that there 223 

might be a kind of “growth stimulating factor” secreted from macrophages by the 224 

induction of dopamine. However, further researches are needed to confirm that.  225 

 226 

Dopamine triggered the intense inflammation response due to the facilitation of K. 227 

quasivariicola growth 228 
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To determine the pathogenic potential of K. quasivariicola, a mice pneumoniae 229 

model by K. quasivariicola infection was established. Our findings revealed that K. 230 

quasivariicola infection could trigger an inflammation response in lung, however, the 231 

administration of dopamine significantly aggravated the inflammation. In infected lung 232 

tissues without dopamine administration, although there were a number of infiltrating 233 

inflammatory cells, the expression of proinflammatory cytokine and NLRP3 were at 234 

lower level. However, once dopamine was added, large quantities of proinflammatory 235 

cytokines were produced, resulting in the recruitment of mass inflammatory cells and 236 

an intense inflammation. 237 

Instead, previous studies have reported dopamine possessed anti-inflammatory 238 

effects. It was showed that dopamine could inhibit LPS-induced activation of NLRP3 239 

inflammasome and reduce the subsequent production of caspase-1 and IL-1β (28). 240 

Further studies indicated dopamine negatively regulated the NLRP3 inflammasome 241 

through G protein pathway. The binding of dopamine and its receptor (D1-like receptor), 242 

a G protein-coupled receptor, could stimulate the activity of adenylate cyclase, and then 243 

promote the production of cAMP. cAMP can directly bind to NLRP3 to trigger the 244 

ubiquitination of NLRP3, thereby lead to an autophagy-mediated degradation of 245 

NLRP3 (29).  246 

Interestingly, our results demonstrated that the administration of dopamine 247 

contributed in more severe inflammation, both in vitro and in vivo. The same 248 

phenomenon has been reported by Dicht et al. (11), which S. typhimurium infected mice 249 

receiving dopamine showed a significantly increased immune response. Due to the anti-250 
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inflammatory effects of dopamine, it can be thought that dopamine does not directly 251 

influence the immune response during K. quasivariicola infection. From our results, we 252 

considered that dopamine triggered the severe inflammatory response by significantly 253 

promoting the growth of K. quasivariicola, and the sharply increased bacterial load then 254 

triggering the release of proinflammatory cytokines in large amounts.   255 

Dopamine is the first-line vasoactive drug used in antishock therapy for critically 256 

ill patients. Our research indicated that during K. quasivariicola infection, the 257 

administration of dopamine led to overproduction of proinflammatory cytokines and 258 

provoked the risk of cytokine storm, therefore, for K. quasivariicola infected patients, 259 

the administration of dopamine was inappropriate. Previous studies had reported that 260 

dopamine could enhance some certain bacterial growth in macrophage by increasing 261 

the iron acquisition. It was noting that Stefanie et al. (27) had reported that only 262 

dopamine, but not other catecholamines, could increase the intracellular iron content of 263 

macrophages. Therefore, we recommended that for critical patients with K. 264 

quasivariicola infection, epinephrine or norepinephrine should be first choice. Our 265 

studies could provide references for precision medication in critical patients, preventing 266 

the aggravating infections and reducing the mortality. 267 

 268 

An in vitro model of microbes-drugs-host immune cells was proposed for inhibitor 269 

screening  270 

 Of noting, dopamine showed contradiction effects on bacterial growth while K. 271 

quasivariicola mono-cultured in medium or co-cultured with macrophages, indicating 272 
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macrophages must contributed to the interaction between dopamine and K. 273 

quasivariicola. This made us reflect the current studies of inhibitor screening. It should 274 

be noted that previous studies about the interactions between microbes and monomeric 275 

compounds were always limited in culture medium. Once the compound could inhibit 276 

the growth of bacteria in medium, it was considered as a candidate antibiotic. 277 

Nevertheless, there were more sophisticated communications between microbes and 278 

drugs in the niche of pathogens colonized in hosts. In the studies of inhibitor screening, 279 

unsatisfactory results or even opposite results would be achieved when host immune 280 

response were ignored. Therefore, an in vitro model which contains microbes-drugs-281 

host immune cells, which could better mimic in vivo environment, was proposed for 282 

inhibitor screening (Fig 4). In the in vitro model of microbes-drugs-host immune cells, 283 

the growth of bacteria was more similar to that in vivo, and the changes of inflammatory 284 

factors caused by bacteria or drugs could be detected at the same time. Therefore, the 285 

development of in vitro model is of great importance for study the interactions between 286 

microbes and drugs.  287 

In conclusions, our researches demonstrated that K. quasivariicola was one of the 288 

potential pathogens for pneumonia and led to a pulmonary inflammation. The 289 

administration of dopamine could aggravate the inflammation reactions by promoting 290 

the proliferation of K. quasivariicola in the presence of macrophages. Here we made a 291 

recommendation that critically ill patients with K. quasivariicola infection should be 292 

treated with other catecholamines such us epinephrine or norepinephrine instead of 293 

dopamine. These may provide us with references for precision medication in critical 294 
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patients. Furthermore, an in vitro model of microbes-drugs-host immune cells for 295 

inhibitor screening was proposed. The development of in vitro models that better mimic 296 

in vivo environments is of great importance for study the interactions between microbes 297 

and drugs. 298 

 299 

Materials and methods 300 

Bacterial strains and growth conditions 301 

 The K. quasivariicola strain used in this study was isolated from sputum sample of 302 

a pneumonia patient at ICU of Dalian Municipal Central Hospital, and identified by 303 

full-length sequencing of 16S rRNA gene (Fig S2). The bacteria were cultured in 304 

DMEM containing 10% FBS at 37℃. The medium was supplemented, as needed, with 305 

500µg/ml dopamine. The study was approved by the Ethics Committee of the Dalian 306 

Central Hospital (Ethical approval number: 2017-030-01). Informed consent was 307 

obtained from the subject. The clinical samples were collected in accordance with the 308 

approved guidelines. 309 

 For the growth of K. quasivariicola in cell culture supernatants, the RAW264.7 310 

cells (2×106) were cultured in DMEM containing 10% FBS and 500 g/ml dopamine 311 

at 37°C. The cell cultures without dopamine were served as control. After 4 hours-312 

cultivation, the supernatants were harvested and sterilized by passing it through a 0.22 313 

μm filter (Millipore). The K. quasivariicola strain was then cultivated in supernatants 314 

at 37°C for 8 hours before CFU counting was done.  315 

 316 
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Bacterial growth with RAW264.7 macrophages 317 

In 24-well plates, RAW264.7 cells (2×105 per well) were seeded and cultured in 318 

DMEM containing 10% FBS and 500 ug/ml dopamine. The RAW264.7 control group 319 

was subjected to the same culture conditions as the experimental group, with the 320 

exception of the addition of dopamine. After culturing for ~12 hours, RAW264.7 321 

macrophages were infected with K. quasivariicola at a 10:1 MOI for 4 hours of 322 

incubation. The cell culture medium were then used to count the CFUs of K. 323 

quasivariicola. Meanwhile, RAW264.7 cells were collected and rinsed three times with 324 

PBS to remove extracellular bacteria. The cells were lysed with 500 μl of 0.03% SDS 325 

on ice. After homogenization, 10-fold serial dilutions were plated onto TSA plates to 326 

determine the CFU. 327 

 328 

RNA isolation and RT-qPCR 329 

RAW264.7 cells (4×105 per well) were cultured in 12-well plates in DMEM 330 

containing 10% FBS. After ~12 hours, the cells were collected and resuspended in fresh 331 

DMEM medium containing 10% FBS. Then the cells were divided into 4 groups: 332 

RAW264.7 cells cultured in the absence of dopamine was considered as control group 333 

(CON), and the cells cultured with 500 μg/ml dopamine was considered as the 334 

dopamine group (DA). RAW264.7 cells infected with K. quasivariicola at an MOI of 335 

10:1 was considered as K. q group (K.q), and the infected cells treated with 500 μg/ml 336 

dopamine was considered as Kq+DA group (K.q+DA). Cells were cultured for an 337 

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted January 29, 2023. ; https://doi.org/10.1101/2023.01.28.526064doi: bioRxiv preprint 

https://doi.org/10.1101/2023.01.28.526064
http://creativecommons.org/licenses/by-nc-nd/4.0/


additional 1, 4 or 12 hours, and then harvested for RNA isolation and RT-qPCR 338 

detection. 339 

Total RNA of RAW264.7 cells were isolated using the RNAiso plus (TaKaRa, 340 

Japan) according to the manufacturer’s instructions. The isolated RNA (1 μg) was 341 

immediately reverse transcribed into cDNA using the AG Evo M-MLV RT Kit with 342 

gDNA Clean for qPCR Kit (Accurate Biotechnology, China). The expressions of TNF-343 

α, IL-6, CXCL1, CXCL2, IFN-γ, β-actin, IL-8, iNOS, IL-17, IL-18 were analyzed by 344 

RT-qPCR using the specific primers list in table 1. Data from three independent 345 

experiments were used for statistical analysis. 346 

 347 

Immunofluorescence Staining 348 

Cells were fixed in 4% paraformaldehyde for 15 minutes at room temperature 349 

before being permeabilized in 0.1% Triton X-100 for 15 minutes. After rinsing with 350 

PBS, cells were blocked with 1% BSA for 60 min at room temperature. After blocking, 351 

cells were incubated with anti-NLRP3 antibody (boster, Wuhan, China) overnight at 352 

4°C. Cells were then washed with PBS to remove the excessive antibodies, and 353 

incubated with fluorescent secondary antibodies for 1 hour at 37°C. Samples were 354 

counterstained with DAPI (Invitrogen, Carlsbad, CA, United States) for 15 minutes to 355 

visualize the nuclei. Finally, the images were analyzed using an inverted fluorescent 356 

microscope (Olympus, Japan). 357 

 358 

Mouse model of acute lung injury 359 
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All animal experiments were approved by the Committee on the Ethics of Animal 360 

Experiments of Dalian Medical University (Permission number: SYXK (Liao) 2018-361 

0007) and were performed in strict accordance with the recommendations. Sixteen 362 

C57/BL6 mice (aged 8 weeks, weight 20-25 g) were randomly divided into four 363 

experimental groups: (1) control group (CON), (2) dopamine group (DA), (3) K. 364 

quasivariicola group (k.q), and (4) K. quasivariicola + dopamine group (k.q+DA). In 365 

control group, the mice were intraperitoneal injection with saline. In dopamine group, 366 

mice were induced by intraperitoneal injections of same amount of 50 μg/g of dopamine. 367 

In K. q group, 1×108 CFU of K. quasivariicola in 50 μl saline was administrated by 368 

oropharyngeal instillation. And in K. quasivariicola + dopamine group, in addition to 369 

K. quasivariicola infection, 50 μg/g of dopamine was also given to mice.  For each 370 

group, a second administration were performed 24 hours later. All the mice were ready 371 

for the sacrifice after 48 hours of first treatment (Fig 3A). The homogenates of lung 372 

tissue were used for RNA isolation and the expressions of TNF-α, IL-6, CXCL1, 373 

CXCL2, IFN-γ, β-actin, IL-8, iNOS, IL-17, IL-18 were analyzed by RT-qPCR as 374 

described previously. 375 

 376 

Lung histopathology 377 

The lung tissue was fixed in 4% paraformaldehyde, paraffin-embedded, and cut 378 

into slices for routine HE staining and immunohistochemical assays. Briefly, paraffin-379 

embedded tissues were sliced into 4 μm thick slices, dewaxed and gradually rehydrated 380 

with ethanol. The sections were then treated for 20 minutes at 95 °C with DAKO Target 381 
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Retrieval solution (Dako) for epitope retrieval. Following that, the sections were treated 382 

with 0.3% hydrogen peroxide and probed overnight with anti-IL-6, anti-TNF-α and 383 

anti-NLRP3 primary antibodies. The secondary antibodies were then added and 384 

incubated for 30 minutes. The proteins were detected and visualized with streptavidin-385 

HRP conjugates and DAB substrate solution. For HE staining, the deparaffinized 386 

sections were stained with hematoxylin, then treated with 1% acid alcohol, and finally 387 

with 1% eosin. 388 

 389 

Acknowledgments 390 

This work was supported by grants from the National Natural Science Foundation of 391 

China (81902037). The funders had no role in study design, data collection and 392 

interpretation, or the decision to submit the work for publication. 393 

The authors declare that there is no conflict of interests. 394 

QY, JK, YM and TM contributed to conception and design of the study. JK and QY 395 

wrote the manuscript. QY and YM leaded the Writing- Review & Editing. XL, LC 396 

and XL collected the samples and performed the experiments. XW, RL and SF 397 

performed the data analysis. All authors contributed to the article and approved the 398 

submitted version. 399 

 400 

References 401 

1. Leone M, Bouadma L, Bouhemad B, Brissaud O, Dauger S, Gibot S, Hraiech 402 

S, Jung B, Kipnis E, Launey Y, Luyt CE, Margetis D, Michel F, Mokart D, 403 

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted January 29, 2023. ; https://doi.org/10.1101/2023.01.28.526064doi: bioRxiv preprint 

https://doi.org/10.1101/2023.01.28.526064
http://creativecommons.org/licenses/by-nc-nd/4.0/


Montravers P, Monsel A, Nseir S, Pugin J, Roquilly A, Velly L, Zahar JR, 404 

Bruyere R, Chanques G. 2018. Hospital-acquired pneumonia in ICU. Anaesth 405 

Crit Care Pain Med 37:83-98. 406 

2. Shah H, Ali A, Patel AA, Abbagoni V, Goswami R, Kumar A, Velasquez Botero 407 

F, Otite E, Tomar H, Desai M, Maiyani P, Devani H, Siddiqui F, Muddassir S. 408 

2022. Trends and Factors Associated With Ventilator-Associated Pneumonia: A 409 

National Perspective. Cureus 14:e23634. 410 

3. Yang H, Fan Y, Li C, Zhang M, Liu W. 2022. A retrospective study on risk 411 

factors and disease burden for hospital-acquired pneumonia caused by multi-412 

drug-resistant bacteria in patients with intracranial cerebral hemorrhage. Neurol 413 

Sci 43:2461-2467. 414 

4. Freestone PP, Hirst RA, Sandrini SM, Sharaff F, Fry H, Hyman S, O'Callaghan 415 

C. 2012. Pseudomonas aeruginosa-catecholamine inotrope interactions: a 416 

contributory factor in the development of ventilator-associated pneumonia? 417 

Chest 142:1200-1210. 418 

5. Dickson RP, Erb-Downward JR, Prescott HC, Martinez FJ, Curtis JL, Lama VN, 419 

Huffnagle GB. 2015. Intraalveolar Catecholamines and the Human Lung 420 

Microbiome. Am J Respir Crit Care Med 192:257-9. 421 

6. Lyte M, Freestone PP, Neal CP, Olson BA, Haigh RD, Bayston R, Williams PH. 422 

2003. Stimulation of Staphylococcus epidermidis growth and biofilm formation 423 

by catecholamine inotropes. Lancet 361:130-5. 424 

7. Ventura AM, Shieh HH, Bousso A, Goes PF, de Cassia FOFI, de Souza DC, 425 

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted January 29, 2023. ; https://doi.org/10.1101/2023.01.28.526064doi: bioRxiv preprint 

https://doi.org/10.1101/2023.01.28.526064
http://creativecommons.org/licenses/by-nc-nd/4.0/


Paulo RL, Chagas F, Gilio AE. 2015. Double-Blind Prospective Randomized 426 

Controlled Trial of Dopamine Versus Epinephrine as First-Line Vasoactive 427 

Drugs in Pediatric Septic Shock. Crit Care Med 43:2292-302. 428 

8. Hatachi T, Tachibana K, Inata Y, Tominaga Y, Hirano A, Kyogoku M, Moon K, 429 

Shimizu Y, Isaka K, Takeuchi M. 2018. Risk Factors for Healthcare-Associated 430 

Infections After Pediatric Cardiac Surgery. Pediatr Crit Care Med 19:237-244. 431 

9. Hotta M, Hirata K, Nozaki M, Mochizuki N, Hirano S, Wada K. 2020. 432 

Association between amount of dopamine and infections in extremely preterm 433 

infants. Eur J Pediatr 179:1797-1803. 434 

10. Pande GS, Suong NT, Bossier P, Defoirdt T. 2014. The catecholamine stress 435 

hormones norepinephrine and dopamine increase the virulence of pathogenic 436 

Vibrio anguillarum and Vibrio campbellii. FEMS Microbiol Ecol 90:761-9. 437 

11. Dichtl S, Demetz E, Haschka D, Tymoszuk P, Petzer V, Nairz M, Seifert M, 438 

Hoffmann A, Brigo N, Wurzner R, Theurl I, Karlinsey JE, Fang FC, Weiss G. 439 

2019. Dopamine Is a Siderophore-Like Iron Chelator That Promotes Salmonella 440 

enterica Serovar Typhimurium Virulence in Mice. mBio 10. 441 

12. Lagier JC, Khelaifia S, Alou MT, Ndongo S, Dione N, Hugon P, Caputo A, 442 

Cadoret F, Traore SI, Seck EH, Dubourg G, Durand G, Mourembou G, Guilhot 443 

E, Togo A, Bellali S, Bachar D, Cassir N, Bittar F, Delerce J, Mailhe M, 444 

Ricaboni D, Bilen M, Dangui Nieko NP, Dia Badiane NM, Valles C, Mouelhi 445 

D, Diop K, Million M, Musso D, Abrahao J, Azhar EI, Bibi F, Yasir M, Diallo 446 

A, Sokhna C, Djossou F, Vitton V, Robert C, Rolain JM, La Scola B, Fournier 447 

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted January 29, 2023. ; https://doi.org/10.1101/2023.01.28.526064doi: bioRxiv preprint 

https://doi.org/10.1101/2023.01.28.526064
http://creativecommons.org/licenses/by-nc-nd/4.0/


PE, Levasseur A, Raoult D. 2016. Culture of previously uncultured members of 448 

the human gut microbiota by culturomics. Nat Microbiol 1:16203. 449 

13. Javdan B, Lopez JG, Chankhamjon P, Lee YJ, Hull R, Wu Q, Wang X, 450 

Chatterjee S, Donia MS. 2020. Personalized Mapping of Drug Metabolism by 451 

the Human Gut Microbiome. Cell 181:1661-1679 e22. 452 

14. Maier L, Pruteanu M, Kuhn M, Zeller G, Telzerow A, Anderson EE, Brochado 453 

AR, Fernandez KC, Dose H, Mori H, Patil KR, Bork P, Typas A. 2018. 454 

Extensive impact of non-antibiotic drugs on human gut bacteria. Nature 455 

555:623-628. 456 

15. Long SW, Linson SE, Ojeda Saavedra M, Cantu C, Davis JJ, Brettin T, Olsen 457 

RJ. 2017. Whole-Genome Sequencing of a Human Clinical Isolate of the Novel 458 

Species Klebsiella quasivariicola sp. nov. Genome Announc 5. 459 

16. Henciya S, Vengateshwaran TD, Gokul MS, Dahms HU, James RA. 2020. 460 

Antibacterial Activity of Halophilic Bacteria Against Drug-Resistant Microbes 461 

Associated with Diabetic Foot Infections. Curr Microbiol 77:3711-3723. 462 

17. Garza-Ramos U, Barrios-Camacho H, Moreno-Dominguez S, Toribio-Jimenez 463 

J, Jardon-Pineda D, Cuevas-Pena J, Sanchez-Perez A, Duran-Bedolla J, Olguin-464 

Rodriguez J, Roman-Roman A. 2018. Phenotypic and molecular 465 

characterization of Klebsiella spp. isolates causing community-acquired 466 

infections. New Microbes New Infect 23:17-27. 467 

18. Nolan RA, Reeb KL, Rong Y, Matt SM, Johnson HS, Runner K, Gaskill PJ. 468 

2020. Dopamine activates NF-kappaB and primes the NLRP3 inflammasome 469 

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted January 29, 2023. ; https://doi.org/10.1101/2023.01.28.526064doi: bioRxiv preprint 

https://doi.org/10.1101/2023.01.28.526064
http://creativecommons.org/licenses/by-nc-nd/4.0/


in primary human macrophages. Brain Behav Immun Health 2. 470 

19. Dukhinova M, Kokinos E, Kuchur P, Komissarov A, Shtro A. 2021. 471 

Macrophage-derived cytokines in pneumonia: Linking cellular immunology 472 

and genetics. Cytokine Growth Factor Rev 59:46-61. 473 

20. Choby JE, Howard-Anderson J, Weiss DS. 2020. Hypervirulent Klebsiella 474 

pneumoniae - clinical and molecular perspectives. J Intern Med 287:283-300. 475 

21. Cuvas Apan O, Apan TZ, Apan A. 2016. In vitro antimicrobial activity of 476 

commonly used vasoactive drugs. J Clin Anesth 34:407-11. 477 

22. Li L, Chen Z, Bei W, Su Z, Huang Q, Zhang L, Chen H, Zhou R. 2015. 478 

Catecholamines promote Actinobacillus pleuropneumoniae growth by 479 

regulating iron metabolism. PLoS One 10:e0121887. 480 

23. Torabi Delshad S, Soltanian S, Sharifiyazdi H, Bossier P. 2019. Effect of 481 

catecholamine stress hormones (dopamine and norepinephrine) on growth, 482 

swimming motility, biofilm formation and virulence factors of Yersinia ruckeri 483 

in vitro and an in vivo evaluation in rainbow trout. J Fish Dis 42:477-487. 484 

24. Liu Z, Reba S, Chen WD, Porwal SK, Boom WH, Petersen RB, Rojas R, 485 

Viswanathan R, Devireddy L. 2014. Regulation of mammalian siderophore 2,5-486 

DHBA in the innate immune response to infection. J Exp Med 211:1197-213. 487 

25. Sandrini SM, Shergill R, Woodward J, Muralikuttan R, Haigh RD, Lyte M, 488 

Freestone PP. 2010. Elucidation of the mechanism by which catecholamine 489 

stress hormones liberate iron from the innate immune defense proteins 490 

transferrin and lactoferrin. J Bacteriol 192:587-94. 491 

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted January 29, 2023. ; https://doi.org/10.1101/2023.01.28.526064doi: bioRxiv preprint 

https://doi.org/10.1101/2023.01.28.526064
http://creativecommons.org/licenses/by-nc-nd/4.0/


26. Monteith AJ, Skaar EP. 2021. The impact of metal availability on immune 492 

function during infection. Trends Endocrinol Metab 32:916-928. 493 

27. Dichtl S, Haschka D, Nairz M, Seifert M, Volani C, Lutz O, Weiss G. 2018. 494 

Dopamine promotes cellular iron accumulation and oxidative stress responses 495 

in macrophages. Biochem Pharmacol 148:193-201. 496 

28. Yang X, Sun X, Chen H, Xi G, Hou Y, Wu J, Liu D, Wang H, Hou Y, Yu J. 2017. 497 

The protective effect of dopamine on ventilator-induced lung injury via the 498 

inhibition of NLRP3 inflammasome. Int Immunopharmacol 45:68-73. 499 

29. Feng Y, Lu Y. 2021. Immunomodulatory Effects of Dopamine in Inflammatory 500 

Diseases. Front Immunol 12:663102. 501 

 502 

  503 

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted January 29, 2023. ; https://doi.org/10.1101/2023.01.28.526064doi: bioRxiv preprint 

https://doi.org/10.1101/2023.01.28.526064
http://creativecommons.org/licenses/by-nc-nd/4.0/


Tables, Figures and Legends to figures 504 

Figure 1: Growth curve and CFU count of K. quasivariicola under different 505 

conditions 506 

 507 

(A-B) The growth curve (A) and CFU counting (B) of K. quasivariicola in DMEM 508 

Basic medium. Black, K. quasivariicola cultured only; Gray, K. quasivariicola cultured 509 

with 500 µg/ml dopamine. (C-D). After infecting RAW 264.7 cell with K. 510 

quasivariicola, CFU counts of K. quasivariicola in cell culture medium (C) and in 511 

macrophages (D) were performed. (E) CFU of K. quasivariicola grown in supernatant 512 

of RAW 264.7 culture medium. RAW264.7 cells were cultured in DMEM medium 513 

containing 10% FBS, in the absence (black) or presence (gray) of 500 μg/ml dopamine. 514 

The supernatants of cell culture medium were collected and used to cultivate K. 515 

quasivariicola. The CFU were determined after 8 hours of cultivation. The OD620 of 516 

cultures were monitored every 4 hours. Each sample was assayed in triplicate. Asterisk 517 

(*) means the difference between two groups was statistically significant.   518 
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Figure 2: The detection of inflammatory factors in RAW 264.7  519 

 520 

RAW264.7 were cultured in DMEM medium containing 10% FBS, in the absence 521 

(control guoup) or presence (dopamine group) of 500 μg/ml dopamine. RAW264.7 cells 522 

infected with K. quasivariicola at an MOI of 10:1 was considered as K. q group, and 523 

infected cells treated with 500 μg/ml dopamine was considered as K.q+DA group. The 524 

cytokines expressed in RAW264.7 cells were detected by qPCR (A,B) and 525 

immunofluorescence analysis (C) after 1, 4 and 12 hours, respectively.  526 

  527 
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Figure 3: Lung histology of K. quasivariicola infected mice  528 

 529 

(A) Diagram of the Animal Experiment Plan. (B) The mice were randomly divided 530 

into four groups: (1) control group (CON), (2) dopamine group (DA), (3) K. 531 

quasivariicola group (K.q), and (4) dopamine + K. quasivariicola group (K.q+DA). 532 

The control group received a saline intraperitoneal injection. The dopamine group was 533 

induced by intraperitoneal injections of same amount of 50 μg/g of dopamine. In the K. 534 

quasivariicola group, 1×108 CFU of K. quasivariicola in 50 μl saline was administrated 535 

by oropharyngeal instillation. And in the K. quasivariicola + dopamine group, in 536 

addition to K. quasivariicola infection, 50 μg/g of dopamine was also given to mice. 537 

For each group, a second administration was performed 24 hours later. After 48 hours 538 

of treatment, lung tissues from each group were collected and stained with H&E. (C-D) 539 

The detection of inflammatory factors in mice. The lung tissues of each group were 540 

collected after 48 hours of treatment. (C) Total RNA was isolated after homogenizing 541 

the lung tissues. The mRNA level of cytokines in mice lung were detected by qPCR. 542 

(D) The immunohistochemical assay of lung tissue with the primary antibodies of anti-543 

IL-6, anti-TNF-α and anti-NLRP3.  544 
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 Figure 4: The in vitro model of microbes-drugs-host immune cells 545 

  546 
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Table 1: Primers used for qPCR 547 

Gene Primer sequence (5’-3’)  

TNF-α F 

TNF-α R 

IL-6 F 

IL-6 R 

ACTGAACTTCGGGGTGATCGGT 

TGGTTTGCTACGACGTGGGCTA 

CCCCAATTTCCAATGCTCTCC 

CGCACTAGGTTTGCCGAGTA 

CXCL1 F 

CXCL1 R 

CXCL2 F 

CXCL2 R 

ACCCAAACCGAAGTCATA 

AGGTGCCATCAGAGCAGT 

CCCAGACAGAAGTCATAGC 

TCCTTTCCAGGTCAGTTA 

IFN-γ F 

IFN-γ R 

CAGGCCATCAGCAACAACATAAGC 

AGCTGGTGGACCACTCGGATG 

β-actin F 

β-actin R 

TGACGTTGACATCCGTAAAGACC 

CTCAGGAGGAGCAATGATCTTGA 

NLRP3 F ATCAACAGGCGAGACCTCTG 

NLRP3 R GTCCTCCTGGCATACCATAGA 

iNOS F GCTCGCTTTGCCACGGACGA 

iNOS R AAGGCAGCGGGCACATGCAA 

 548 

  549 
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Supplementary data 550 

Supplementary Figure 1:  The growth curve of different strains in TSA medium 551 

 552 

The different strains were cultured in TSA medium. Black, bacteria cultured only; Gray, 553 

bacteria cultured with 500 µg/ml dopamine. The OD620 of cultures were monitored 554 

every 4 hours. Each sample was assayed in triplicate. Asterisk (*) means the difference 555 

between two groups was statistically significant. Dopamine inhibited the growth of 556 

Klebsiella quasivariicola (A), Klebsiella pneumoniae (B), Klebsiella aerogenes (C) 557 

and Pseudomonas aeruginosa (D), however, promoted the growth of  Streptococcus 558 

parasanguinis (E) and Escherichia marmotae (F).   559 
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Supplementary Figure 2:  The 16S rRNA gene search in EzBioCloud Database and 560 

Colony morphology of K. quasivariicola 561 

 562 

(A) 16S rRNA sequencing of K. quasivariicola. (B) Colony morphology of K. 563 

quasivariicola (right) and (left) on LBB plate. There was the pH indicator of 564 

bromocresol violet on LBB plate, which could change the color from purple to yellow 565 

under acidic conditions. K. quasivariicola and K. pneumoniae showed different 566 

morphology on LBB, indicated the acid producing capacities of these two strains were 567 

different. 568 
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