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Abstract 
Rapid diagnosis and choice of appropriate antibiotic treatment might be life-saving in serious in- 
fectious diseases. Still the available markers that can evaluate and monitor the diagnosis and 
treatment are few. Hepatocyte growth factor (HGF) has been studied as a potent regenerative fac- 
tor produced and released during injuries such as infectious diseases. Monitoring of HGF levels 
might predict therapy results better than C-reactive protein (CRP) within the first day of treat- 
ment in pneumonia. For further investigation of previous observations we aimed to study HGF as a 
first-day marker in over-representing infectious diseases in comparison to procalcitonin (PCT), 
CRP and body temperature. Fifty-one patients with community acquired infectious diseases were 
included consequently at admittance and the serum samples were collected before and within 18 - 
24 hours of treatment. HGF levels decreased significantly in case of efficient antibiotic therapy and 
HGF was shown to be better than PCT, CRP and body temperature to evaluate treatment. In pa- 
tients with pneumonia, monitoring of HGF was most reasonable. HGF might be used as a therapeu- 
tic marker within the first day of empiric antibiotic treatment during infection. 

 
Keywords 
Hepatocyte Growth Factor, C-Reactive Protein, Procalcitonin, Temperature, Antibacterial Therapy 

 

 

 

*Corresponding author. 

http://www.scirp.org/journal/abb
http://dx.doi.org/10.4236/abb.2014.510096
http://dx.doi.org/10.4236/abb.2014.510096
http://www.scirp.org
mailto:fariba.nayeri@lio.se
mailto:farna@imk.liu.se
http://creativecommons.org/licenses/by/4.0/


H. Abednazari et al. 
 

 
824 

1. Introduction 
Patients with bacterial infections are at high risk of developing serious complications, such as septic shock and 
multiple organ failure, if treatment is not initiated in a timely manner. Therefore, empiric antibiotic treatment is 
initiated as soon as infection is suspected and cultures and/or other diagnostic tests are procured. However, it can 
take several days before culture results are available and an appropriate antibiotic regime is chosen. During that 
time, the physician must decide to continue or change the initial choice of antibiotic. The patient’s clinical signs, 
such as respiratory and circulatory status, are still the most reliable markers for judging the efficacy of treatment. 
However, most physicians choose to examine additional markers at early stages, particularly in high-risk pa- 
tients admitted to intensive care units so that therapy may be closely evaluated [1]. Monitoring body temperature 
[2], C-reactive protein (CRP) [3] [4], procalcitonin (PCT) [5] and interleukin 6 (IL-6) [6] are some of the more 
commonly used markers. 

Hepatocyte growth factor (HGF) concentration increases during organ damage such as that caused by infec- 
tious diseases [7] [8]. HGF has potent regenerative properties [9] and the addition of exogenous HGF may in- 
hibit and/or treat chronic organ injuries [10] [11]. We previously examined HGF levels in pneumonia and 
showed that the presence of HGF correlated significantly with survival in this patient group [12]. We also show- 
ed that HGF concentration increased in serum and exhaled-breath condensate in patients with pneumonia [13] 
and that the amount of HGF decreased markedly within 48 hours of initiation of the appropriate antibiotic ther- 
apy [14]. In another study, we showed that HGF predicted the results of antibiotic therapy better than CRP did 
within 24 hours of initiation of pneumonia treatment [15]. In the present study, we compared the ability of HGF 
(compared with body temperature, CRP and PCT) to predict the efficacy of antibiotic treatment within 24 hours 
of treatment initiation in 51 patients with varying infectious diseases. 

The study aims to identify a means of judging the efficacy of empiric therapy early in the treatment of serious 
bacterial infections so that correct treatment may be pursued in a timely manner. 

2. Patients and Methods 
2.1. Study Participants 
Those patients who came to the emergency unit of the University Hospital in Linköping between 11:00 - 19:00 
on weekdays between October 2003 and March 2005 and were admitted to the Department of Infectious Dis- 
eases (inclusion criteria) were asked by the project nurse to join the study. There were no exclusion criteria. 
Written consent was obtained from the participants. The ethics committee in Linköping, Sweden, approved the 
study protocol (01-396). Ninety-five patients agreed to join the study and we obtained the first blood samples. 
The patients received empiric antibiotic therapy. However, 31 patients did not complete the study because they 
returned to their homes or were sent to other clinics before the second blood tests, within 24 hours of admission, 
could be collected. Blood samples were drawn from the remaining 64 patients (age range, 20 - 99 years; mean 
age, 69 years; median age, 74 years; males, 35) before and within 18 - 24 hours of antibiotic treatment initiation. 
The samples were then sent to project staff members for testing while the physician in charge performed diag- 
nostic procedures and oversaw treatment. Within 30 minutes of drawing, the blood samples were centrifuged at 
3000 g for ten minutes; plasma was separated and kept frozen after separation at −70˚C. The patients were then 
discharged or moved to other clinics within a few days of admission, based on their clinical outcome. The sam- 
ples were simultaneously analyzed to determine HGF, CRP and PCT concentrations. The project leader exam- 
ined the medical records and the medical history of each patient, and patient research files were updated daily to 
include the results of routine laboratory tests, x-rays, endoscopic procedures, and the final diagnosis before pa- 
tient discharge. Patients were tracked for one year after inclusion in this study to determine the ultimate diagno- 
sis and outcome. 

Thirty-one patients had infections of the respiratory system (Table 1), with symptoms such as fever, cough 
and typical X-ray changes. Ten patients had urinary tract infections (Table 2) and another ten patients had skin 
and soft tissue infections (Table 3). The remaining patients (n = 13) had cancerous tumours (n = 3), fevers of 
unknown origin (n = 6), vasculitis (n = 1), joint inflammation (n = 2) and gasteroenteritis (n = 1). As these pa- 
tients did not have a verified infectious disease they were not included in the statistical analysis. 

2.2. Parameters 
HGF: A commercially available ELISA kit (Quantikine HGF immunoassay, R & D systems Inc., Minneapolis, 
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Table 1. Clinical and laboratory data from patients with pneumonia.                                               

Age/Sex aTemp1/Temp2 (˚C) HGF1/HGF2 (ng/ml) CRP1/CRP2 (mg/ml) PCT1/PCT2 Review 

60/male 39.7/37.0 2.19/1.13 169/118 <0.1/<0.1 Responder 
52/female 38.7/38.3 0.55/0.93 51/37.9 <0.1/<0.1 Non-responder 

62/female 37.9/37.6 0.68/0.75 82/107 <0.1/<0.1 Non-responder 

86/male 36.9/37.0 1.89/1.56 123/132 <0.1/<0.1 Responder 

49/male 40.3/40.0 0.93/1.19 125/135 <0.1/<0.1 Non-responder 
58/female 39.6/38.1 1.52/1.65 143/325 51.15/24.97 Responder 

20/male 39.4/38.2 2.8/2.8 270/259 11.78/0.13 Non-responder 

88/female 38.7/38.1 1.59/1.74 46/109 <0.1/0.19 Non-responder 

93/female 38.8/37.0 1.37/1.25 59/39 0.41/0.15 Responder 

86/male 38.3/38.0 6.03/4.7 191/307 27.02/28.99 Responder 

81/female 38.0/37.0 1.72/1.58 31.8/41.6 3.05/<0.1 Responder 
85/male 39.0/37.1 1.19/1.85 91.2/219 0.12/0.3 Non-responder 

60/female 38.1/39.1 6.63/4.36 76.1/67.5 8.84/4.17 Responder 

85/male 39.1/37.0 2.65/1.5 139/131 3.72/3.77 Responder 

75/male 39.4/39.4 1.96/1.99 198/215 0.41/0.73 Non-responder 

43/female 38.2/38.4 1.3/1.43 131/164 <0.1/0.11 Non-responder 

92/male 39.0/38.4 2.39/1.79 115/152 0.48/1.5 Responder 
25/male 40.2/40.0 2.26/1.31 110/131 0.45/0.43 Responder 

93/female 38.2/37.2 6.84/5.42 249/202 0.63/0.54 Responder 

33/female 39.8/37.8 4.44/2.15 745/609 11.97/5.2 Responder 

97/female 38.6/37.0 2.65/2.21 97.2/124 <0.1/0.23 Responder 

87/male 37.6/38.2 4.78/6.82 281/214 20.28/26.27 Non-responder 

55/male 37.3/36.3 3.28/1.58 234/225 0.94/0.56 Responder 
85/male 37.0/35.6 5.31/2.55 369/336 33.33/17.4 Responder 

85/male 37.0/36.8 1.46/1.45 135/80.3 2.29/0.82 Non-responder 

39/female 39.4/37.0 0.83/0.76 52/37.5 0.12/<0.1 Responder 

89/female 38.0/37.8 3.02/1.2 111/176 4.03/2.63 Responder 

86/male 37.0/37.8 4.01/3.0 158/134 0.37/0.27 Responder 

39/female 40.0/40.4 3.52/1.89 280/423 1.81/3.66 Responder 
72/male 39.6/37.1 1.79/1.72 231/247 0.81/0.89 Responder 

aTemp 1: temperature before treatment; Temp 2: temperature within 18 hours of treatment. 
 
Table 2. Clinical and laboratory data from patients with urinary tract infections.                                      

Age/Sex aTemp1/Temp2 (˚C) HGF1/HGF2 (ng/ml) CRP1/CRP2 (mg/ml) PCT1/PCT2 Diagnosis Review 

84/female 38.3/37.9 1.19/1.04 142/151 <0.1/<0.1 UVI/Clostridie enteritis Responder 
39/female 38.5/37.6 0.68/0.89 37/134 0.2/6.15 Pyelonephritis/Malaria Responder 

74/male 39.3/36.9 1.52/1.50 80/12.2 <0.1/0.39 UVI Responder 

78/female 39.0/37.5 2.59/1.62 209/230 <0.1/0.29 UVI/bronchitis Responder 

55/male 38.8/37.7 3.17/2.62 140/226 <0.1/0.13 UVI Responder 

53/female 37.0/37.3 3.36/2.21 494/459 36.7/10.9 UVI Responder 
69/male 38.4/38.1 2.58/2.44 37/195 10.1/25.4 Pyelonephritis Responder 

81/male 38.9/36.9 1.99/2.6 22.7/112 53.8/155.4 Pyelonephritis Responder 

89/male 39.4/37.8 2.4/2.56 258/274 0.3/0.35 UVI* Non-responder 

79/male 38.4/36.9 1.52/1.74 88/194 0.26<0.1 UVI* Non-responder 
aTemp 1: temperature before treatment; Temp 2: temperature within 18 hours of treatment. 
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Table 3. Clinical and laboratory data from patients with skin and soft tissue infections.                                 

Age Temp1/Temp2 (˚C) HGF1/HGF2 (ng/ml) CRP1/CRP2 
(mg/ml) PCT1/PCT2 Diagnosis 

57 37.4/37.1 4.4/2.58 266/189 1.05/0.39 Foot ulcer infection 
70 37.6/37.5 1.39/4.5 160/204 0.24/0.94 Erysipelas 
83 37.6/38.3 4.57/3.05 458/236 7.9/2.58 Erysipelas/UVI 
74 37.5/37.6 0.78/0.6 104/132 <0.1/0.54 Foot ulcer, abscess 
72 40.0/38.4 1.2/1.4 23.6/152 0.37/4.91 Erysipelas 
62 38.8/36.8 2.29/2.24 394/269 2.67/1.63 Postoperative infection 
58 39.8/38.7 3.56/3.82 205/261 3.19/2.63 Erysipelas 
81 37.6/36.9 0.72/0.56 8.0/9.9 <0.1/<0.1 Ulcer infection hand 
21 37/36.8 0.28/0.33 5.8/4.1 0.11/<0.1 Erysipelas face 
45 37.1/36.9 0.46/0.38 30.4/25 7.11/<0.1 Lymphangitis hand 

aTemp 1: temperature before treatment; Temp 2: temperature within 18 hours of treatment. 
 
USA) was used to determine immunoreactive HGF. This method measures HGF in serum, plasma, culture me- 
dia and other biological fluids. The serum samples, stored at −70˚C, were centrifuged at 1000 g for 15 minutes prior to 
analysis. The lowest detectable amount by this assay was 0.04 ng/ml. 

CRP: A turbidimetric method (Hitachi 917, Boehringer Mannheim Scandinavia AB) was used for determina- 
tion of CRP. 

Body temperature: Measurements were taken using the First Temp Genius Thermometer (Sherwood-Davis & 
Geck, USA). The First Temp Genius measures the temperature through the tympanic membrane [16]. 

Procalcitonin PCT: LIAISON BRAHMS PCT (Brahms Henningsdorf, Germany), a quantitative automated 
assay was used at Department of Biochemistry, Karolinska University Hospital, Stockholm. 

2.3. Statistics 
Baseline differences between responders and non-responders were assessed by Fisher’s exact test for catego- 
rized variables and Mann-Whitney’s non-parametric U-test for continuous parameters. The difference between 
baseline data and follow-up data with regard to the independent variables of temperature and concentrations of 
HGF, CRP and PCT were fairly normally distributed and, therefore, subjected to parametric tests. First, the two 
groups (responder and nonresponders) were tested using t-tests (one for each independent variable). Second, lo- 
gistic regression analyses were used to judge which of the baseline/follow-up changes was the most discrimi- 
nating. An ordinary discriminating analysis was also performed to assess a global cut-off value for discrimina- 
tion of HGF. 

3. Results 
The clinical reports of patients were collected, and with no knowledge of test results, two extramural reviewers 
examined medical reports and then judged whether according to diagnosis the patient had received an appropri- 
ate type of antibiotic upon admission (responders) or not (non-responders). Responders continued with the same 
antibiotic regime or were switched to a similar antibiotic. Non-responders were switched to an unrelated antibio- 
tic and/or also received surgical therapy. 

3.1. Baseline Characteristics 
There were no differences between responders and non-responders with regard to baseline data, except that pa- 
tients with lung infections who were non-responders were significantly more frequent than were non-responders 
with either urinary tract or skin infections (p = 0.040, Fisher’s exact test; Table 4 and Table 5). 

3.2. Discrimination between Responders and Nonresponders 
The ability of the four variables to discriminate between non-responders and responders was first tested using an 
ordinary t-test, which showed that only changes in HGF levels were significantly different between the two 
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Table 4. Categorized parameters at referral.                                                                   

Parameter  Responder (n = 38) Non-responder (n = 13)  
  n % n % p 

Gender Male 20 69 9 31  
 Female 18 82 4 18 0.348 

Age category <73 yr 20 80 5 20  
 ≥71 yr 18 69 8 31 0.523 

Infection site Lung 20 65 11 35 0.04a 
 Urinary 8 80 2 20  
 Skin and soft tissue 10 100 0 0  

aNon-responders with lung infections were significantly more frequent compared with those with urinary and skin infections. Differences between 
responders and non-responders were assessed by Fisher’s exact test. 
 
Table 5. Continuous parameters at referral.                                                                   

Parameter Responder (n = 38) Non-responder (n = 13)  
 Median Q1 - Q3 Median Q1 - Q3 p 

Age (yr) 71.6 56 - 84 78.4 51 - 84 0.757 
Temperature (˚C) 38.5 37.6 - 39.3 38.7 38.2 - 39.4 0.487 

HGF 2.3 1.4 - 3.5 1.5 1.2 - 2.4 0.099 
CRP 140 59 - 231 131 89 - 198 0.991 
PCT 3.9 0 - 51 2.3 0 - 101 0.646 

Differences between responders and nonresponders were assessed by a nonparametric test (Mann-Whitney U-test). 
 
groups (Table 6). To further test the combined discriminating power of these four variables, we performed a 
multiple logistic regression analysis of the three non-significant variables (note that inclusion of all four vari- 
ables in the model, due to high inter-correlations, caused ill-conditioned matrices that made the analysis mathe- 
matically impossible to solve). A logistic regression analysis was first made using temperature, CRP and PCT 
levels; an index was calculated (Temp_CRP_PCT_index = −0.301 × temp_diff + 0.000207 × CRP_diff − 0.0336 
× PCT_diff), where diff refers to the change from referral to after treatment). Afterwards, a logistic regression 
was made using gender, age category, Temp_CRP_PCT_index, and HGF_diff. HGF_diff was the only signifi- 
cant parameter (odds ratio = 4.10; 95% confidence interval, 1.16 - 14.4; p = 0.029). 

3.3. Differences among Infection Sites 
The next question to consider was whether changes in HGF levels indicated treatment efficacy with equal suc- 
cess among the three infection sites. We performed a discrimination analysis to assess a global cut-off value. 
Examples of the sensitivity and specificity of HGF levels for this value at the three infection sites are shown in 
Table 7. We chose this cut-off value because it provided similarly equal sensitivity and specificity (around 80%) 
for the infection sites combined, but it could, of course, be changed. 

4. Discussion 
Acute inflammatory reactions during infection can cause permanent organ damage if not properly treated. 
Therefore, appropriate antibiotic treatment is critical for restoring the normal physiological functions of affected 
organs. HGF is an indicator of organ injury [17]. It was our belief that this property of HGF could be used to 
predict the efficacy of treatment by monitoring the status of injury, as indicated by changes in HGF concentra- 
tion. A previous study by us showed that changes in HGF concentration could function as a therapeutic marker 
in pneumonia [13]-[15]. In the present study, we investigated whether this might apply to other infectious dis- 
eases. 

The study patients were included consequently among patients with suspect infectious diseases. The study 
group was therefore not aware of the ultimate diagnosis and the judgement of external reviewers. However, it 
was shown that the majority of included subjects with infection had pneumonia. The remaining patients suffered 
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Table 6. Differences between responders and nonresponders with regard to changes in the four studied parameters, as assess- 
ed by 2-tailed t-test.                                                                                      

Parameter Responder (n = 38) Non-responder (n = 13)  
 Mean SD Mean SD p 

Temperature (˚C) −0.89 0.99 −0.63 0.75 0.401 
HGF −0.62 1.04 0.34 0.54 0.003a 
CRP 12.07 81.14 13.13 61.96 0.966 
PCT −1.71 7.26 −0.46 3.78 0.558 

aOnly HGF levels were significantly different between responders and non-responders. 
 
Table 7. Sensitivity and specificity using a global cut off value for HGF change from baseline to within 24 hours after 
treatment. Differences between site of infection and discriminating power of changes in HGF using an arbitrary cut off value 
for all infections combined.                                                                                

Infection site  Responders (n = 38) Non-responders (n = 13) Sens Spec 
Lung ΔHGF ≤ 0.042 19 3   

 ΔHGF > 0.042 1 8 95% 73% 
Urinary tract ΔHGF ≤ 0.042 6 0   

 ΔHGF > 0.042 2 2 75% 100% 
Skin ΔHGF ≤ 0.042 6 0   

 ΔHGF > 0.042 4 0 60% - 
All diagnosis ΔHGF ≤ 0.042 31 3   

 ΔHGF > 0.042 7 10 82% 77% 

 
from urinary tract infection or erysipelas. None of the other serious infectious diseases were diagnosed in the 
study material, which might depend on the fact that the more serious cases were admitted directly to other wards 
after inclusion, and the blood samples within 18 - 24 hours of treatment could not be collected, and therefore 
could not be included in the study. Thus diagnosis groups, urinary tract infection and skin and soft tissue infec- 
tion, consisted of few patients. Inclusion of more patients in the individual groups counteracted the blind study 
design. We chose therefore to evaluate the results of this pilot study and use it to plan more oriented studies. 

Circulation of an organ, pathophysiology of diseases and pharmacokinetic and bioavailability of an antibiotic 
are essential factors affecting treatment efficacy. During erysipelas, a deep soft-tissue infection combined with 
affected distal circulation is observed. In the majority of cases, several days of antibiotic therapy is required be- 
fore signs of infection at the injury site begin to resolve. Early antibiotic treatment may prevent or inhibit serious 
complications that can result from infection. We observed that in responders with skin/soft tissue infection (ery- 
sipelas), the sensitivity of HGF to predict the efficacy of treatment was relatively low (Table 6). This might in- 
dicate serious damage to the affected organ during infection [18] as a result of impaired bioavailability of anti- 
biotics to the swollen limb. Many patients with soft tissue infection have an ulcer from which the bacteria may 
have originated. The polymicrobial nature of chronic ulcers should also be taken into consideration [19]; a com- 
bination of efficient antibiotic treatment, surgery and adjuvant treatments may be required to minimize damages 
stemming from such infections [20] (Table 2). In patients with urinary tract infections (Table 1), there was a 
better correlation between changes in HGF levels measured within 18 hours of treatment and outcome (75% 
sensitivity and 100% specificity). This indicates that efficient antibiotic therapy (after decompression of the 
bladder by catheter insertion) may be sufficient to prevent damage from occurring during urinary tract infection. 

Even though these results might highlight the role of HGF as a regeneration and healing marker, it is not pos- 
sible with such a small sample to draw conclusions about its role as a therapeutic marker in all infectious dis- 
eases. It is as well worth mentioning that infection caused by gram-positive bacteria in the majority of cases with 
erysipelas, and gram-negative bacteria in the majority of cases with urinary tract infection, makes the chosen 
empiric antibiotic (wide-range cephalosporin) efficient in countries such as Sweden where multiple resistant 
bacteria are not very common. On the contrary, in patients with pneumonia there is a variety of pathogens with 
different antibiotic susceptibility. Therefore the first choice of empiric treatment might not be the most efficient 
one. Our results from the present study show that monitoring of HGF concentrations predicted the effect of anti- 
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biotic treatment in lung infections with high sensitivity. These results are in agreement with our previous obser- 
vations [14] [15] and show that monitoring HGF during pneumonia might be a reasonable approach to evaluate 
therapy. Further studies are needed to determine if HGF has a role in the evaluation of empiric antibiotic treat- 
ment in infections caused by multiple resistant microorganisms. 

In the present work HGF was compared with some old as well as quite new markers of value in judgement of 
treatment during infection. However, although these markers (HGF, CRP, PCT levels and temperature) increase 
simultaneously during infection, they are actually indicating different host responses toward infection. Determi- 
nation of body temperature has been used to follow and evaluate therapy during infection for thousands of years. 
However, this marker is influenced by several other factors and cannot provide a reliable answer within the first 
day of therapy [21]. Levels of CRP rise in serum after organ injuries. However due to long half-life (8 - 21 h) it 
takes more than 24 hours before levels rise or decrease at the beginning or after the effective treatment was initi- 
ated [22]. PCT (half-life, 22.3 - 28.9 h) has been widely used as a marker for sepsis in recent years [23] [24]. 
Still, we do not have as much experience of this protein as CRP and was therefore of importance to com-
pare HGF results with PCT during infection. HGF is quite a stable protein [25] in serum with a biphasic 
clearance with an initial rapid distribution phase (t 1/2α = 3.1 minutes) followed by a much slower elimi-
nation phase (t 1/2β = 114 minutes) [26]. Presumably due its relatively short half-life HGF could predict the ef-
ficacy of therapy significantly better than other markers within the first day of treatment. 

The few number of cases in each group is the major limitation of this study that should completed in further 
studies. 

5. Conclusion 
HGF might predict the efficacy of antibiotic therapy within the first day of treatment of infection better than 
CRP and PCT. The results obtained in the present study together with previous observations designate the value 
of HGF as a first-day marker especially in pneumonia. It may be of use not only in confirming that an appropri- 
ate antibiotic is being utilized but also as an indicator of the success of treatment thus far in preventing or inhib- 
iting damage to affected organs. 
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