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Background: Overuse with antibiotics in the treatment of infectious diseases has become a 

central focus of public health over the years. The aim of this study was to provide an up-to-date 

evaluation of the blood test-guided antibiotic use on patients with acute diarrhea in primary 

hospitals of China.

Materials and methods: A cross-sectional survey was conducted on 330 patients with acute 

diarrhea in Shanghai, People’s Republic of China, from March 2013 to February 2016. These 

patients were treated with or without antibiotics based on the results of their blood tests, includ-

ing examinations of C-reactive protein (CRP), white blood cells (WBC), and the percentage 

of neutrophils (Neu%). The infection types, which included bacterial, viral, and combination 

diarrhea, were determined by microbiological culture methods. Antibiotics used in non-bacterial 

diarrhea patients were considered misused and overused.

Results: There were significant overall differences in the clinical characteristics and blood 

tests between patients with diarrhea with a bacterial infection and patients with other types of 

infections. The patients were divided into four grading groups (0–3) according to the number 

of the positive results from three blood testes (CRP, WBC, and Neu%). The misuse rates of 

antibiotics in each group (0–3) were 81.3%, 71.1%, 72.4%, and 64.9%, respectively.

Conclusion: In this prospective study, the current diagnostic criteria (CRP, WBC, and Neu%) 

based on blood tests are not reliable in diagnosing bacterial diarrhea or guiding antibiotics use. 

To limit antibiotic overuse, a rapid and accurate differentiation of bacterial diarrhea from other 

types of diarrhea is pivotal.

Keywords: antibiotics overuse, acute diarrhea, primary hospitals

Introduction
Acute diarrhea is defined as the presence of three or more abnormally loose or watery 

stools over a period of 24 h. The most common cause of acute diarrhea is infective micro-

organism, such as viruses, bacteria, fungi, or parasites.1 Routine fecal cultures primarily 

for invasive bacterial pathogens are the major methods used to distinguish bacterial and 

viral infections in acute diarrhea diagnosis.2 The well-known weaknesses of the stool 

culture method are that they are quite time-consuming, costly, and have low sensitivity. 

Moreover, trained technicians and appropriate equipment are required.3 Therefore, in the 

primary hospitals in People’s Republic of China, the most common tests used for the quick 

diagnosis and treatment guide of acute diarrhea are blood examinations.4,5 The widely 

used diagnostic criteria include the number of white blood cells (WBC), the percentage 

of neutrophils (Neu%), and C-reactive protein (CRP).6 Normally, the treatments will be 

selected directly depending on the results from these blood examinations.7
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The principal components of the acute diarrhea treatments 

include fluid and electrolyte replacement, dietary modifi-

cations, and antibiotics therapy. Like the other infectious 

diseases, the irrational use of antibiotics for acute diarrhea 

treatment has become an outstanding problem all over the 

world, especially in low- and middle-income countries.8 In 

People’s Republic of China, for economical and historical 

reasons, antibiotics have been frequently overprescribed in 

clinical practice for patients with acute diarrhea.9,10 Actually, 

the extreme overuse of antibiotics is a very serious and long-

standing health issue in People’s Republic of China.11 More 

than 20 years ago, 88.9% of patients with acute diarrhea were 

prescribed antibiotics, with only 30.1% having clinically 

diagnosed bacillary dysentery.10 The government has adopted 

approaches of both education and policy regulation to reduce 

the overuse of antibiotics.12,13 Five years ago, antibiotics use 

in People’s Republic of China was under control but still 

much higher than recommended.14,15

We aimed to study and update our knowledge about the 

blood examination-guided antibiotic use in emergency care 

of patients with acute diarrhea from the primary hospitals of 

People’s Republic of China. Over 300 patients were divided 

into four groups based on their blood test results. We measured 

the antibiotic consumption and the misuse rate based on the 

stool culture examinations. Profound antibiotic overuse was dis-

covered in patients with acute diarrhea, especially for patients 

who have tested negative in at least one blood examination.

Materials and methods
study population
This study was carried out in 330 patients (317 adults who 

were defined as $14 years of age and 13 children) with acute 

diarrhea at Gongli Hospital and Jinyang Community Health 

Service Center, Pudong New Area, Shanghai, People’s 

Republic of China, from March 2013 to February 2016. 

In this study, there was no immunosuppressed patients, no 

patients with sepsis or mortality associated with diarrhea and 

no population needed hospitalization. In this survey, acute 

diarrhea refers to acute infectious diarrhea. The symptoms 

lasted 2–24 h before first medical contact. Patients were 

considered to have acute diarrhea if they were passing at 

least three loose or watery stools in 24 h or passing at least 

one bloody stool (macroscopic observation revealed blood 

mixed with feces or inseparable from the stool), and with an 

illness duration of no longer than 14 days.

Data collection
An anonymous, paper-based, descriptive questionnaire 

was used for collecting data. The questionnaire required 

physicians to report the basic and clinical characteristics of 

patients (age, gender, etc.), as well as any tests and medica-

tions that they had ordered. All the patients with acute diar-

rhea during the study period, and who agreed to participate in 

the survey, were included. Four infectious disease specialists 

were participating in the study. They have been working with 

other hospital physicians to help direct care for infectious 

disease for 4–15 years.

Blood tests
Blood samples for three tests (WBC count, Neu%, and CRP) 

were obtained on admission. WBC and differential counts 

were measured via the Hematology Analyzer (XS-1000, 

Sysmex, Kobe, Japan). WBC counts above 10×109/L rep-

resent above normal (positive). The Neu% was considered 

positive when .75%. The CRP level was obtained by a Latex 

agglutination slide test (Humatex, Wiesbaden, Germany). 

CRP level above 10 mg/L was considered as elevated (posi-

tive) in our laboratory.

Microbiological culture
Fecal samples were selected in the study by the routine enteric 

laboratory at the hospital. All samples included were diar-

rheal (adopting the shape of the container), had been stored at 

4°C ,48 h, and had sufficient fecal material to allow testing 

with all the assays. For the stool microbiological culture, a 

drop of a stool sample was resuspended in selective media for 

Yersinia (Sigma, St. Louis, MO, USA) and then inoculated on a 

Karmali agar plate (Oxoid, Basingstoke, Hampshire, UK) and 

incubated at 37°C in a microaerobic atmosphere. Colonies were 

observed daily until the third day after culture. The suspected 

colonies were confirmed based on motility, Gram staining, 

and oxidase activity. The bacterial species were identified by 

polymerase chain reaction (PCR) using species-specific PCR 

primers (Tables S1 and S2).16,17 Cultures were considered nega-

tive if no bacterial or other pathogen growth was visible after  

3 days of incubation. For detection of diarrhea virus, 200 µL of 

supernatant was taken and used MagNA Pure LC Total Nucleic 

Acid isolation Kit to extract RNA by the Roche MagNA Pure 

LC2.0 system, and the total RNA was kept in −8°C for storage. 

PCR methods were used to detect the target through One-Step 

real-time polymerase chain reaction kit (Qiagen, Hilden, 

Germany). The reaction condition is listed in Table S3.

ethics
This study was approved by the ethics committee at Gongli 

Hospital and Jinyang Community Health Service Center, 

Pudong New Area, Shanghai, People’s Republic of China. 

Verbal informed consent was obtained from patients whose 
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medical data were included in the study. Participation was 

voluntary and no financial incentives were given. Personal 

identifying information was not collected from practitioners 

or participating patients.

Data analysis
Data were analyzed using Statistical Package for the Social 

Sciences (SPSS) software (SPSS Inc., version 13.0; SPSS 

Inc., Chicago, IL, USA). Between-region differences 

were assessed for categorical variables with the Pearson’s 

chi-square test. Continuous variables are expressed as 

mean ± standard deviation (SD) with 95% confidence inter-

vals; differences were considered statistically significant at 

P,0.05 or ,0.01.

Results
Basic characteristics of the patients  
with diarrhea
All patients were divided into four groups, that is, negative 

group (no infection), bacteria group (bacterial infection), 

virus group (viral infection), and combination (bacterial 

and viral infection). Characteristics of patients in different 

infection groups were examined and compared as shown in 

Table 1. No difference in gender, age, symptom (vomit and 

stomachache), or number of times diarrhea was observed in 

these four groups. There was a significant increase in WBC, 

Neu%, and number of fever cases in the bacterial group, 

compared to the negative group and virus group (Figure 1). 

Interestingly, the CRP level and the rate of fever symptom 

in the combination group are much lower than other groups. 

Together, these data indicate that patients in the bacterial 

group show significant signs of inflammation, compared 

with other patients.

Blood tests of crP, WBc, and neu% 
in patients with diarrhea
To evaluate blood test-guided antibiotics use in the patients 

with diarrhea, the patients were stratified into four grading 

groups (from 0 to 3) based on the number of positive results 

(from 0 to 3) in the blood tests (CRP, WBC, and Neu%). As 

shown in Table 2, from grading group 0 to group 3, the per-

centage of no infection cases decreased from 66.3% to 35.1%, 

whereas the percentage of bacterial infection cases increased 

from 17.6% to 32.4%. Notably, the majority of these patients 

have either no infection or non-bacterial infection, which 

indicates that most of them are not qualified for antibiotics 

therapy. For example, even for patients with positive results 

from all blood tests (group 3), almost two of three of them 

(35.1% no infection and 29.7% viral infection) should not 

be treated with antibiotics. These data showed that the blood 

tests are not an accurate differentiation test for identifying 

bacterial infection in patients with diarrhea.

Antibiotic use in patients with bacterial 
and non-bacterial diarrhea
To calculate the misuse rate of antibiotics, the negative group 

and virus group were combined into non-bacterial infection 

group, and bacterial group and combination group were com-

bined into bacterial infection group in the following study. As 

shown in Table 3, the overall antibiotics use rates, as well as 

the use rates in each group, were calculated. The antibiotics 

use rate in non-bacterial infection groups was considered as a 

misuse of antibiotics. The overall misuse rate of antibiotics is 

72.0%, and the misuse rate in individual grading groups (from 

0 to 3) decreased from 81.3% to 64.9%. Even in group 3, the 

ratio of over-treated patients to properly treated patients (ratio 

of non-bacterial use to bacterial use) is nearly double (1.8). 

Table 1 characteristics of patients in different infection groups

Variables Infection groups (total n=330) Overall  
P-valueNegative (n=168) Bacteria (n=68) Virus (n=85) Combination (n=9)

Male, % 82, 48.8% 35, 51.5% 45, 52.9% 6, 66.7% 0.720
Age, years 43.88±17.86 42.46±17.26 45.13±16.44 44.56±24.28 0.828
Vomiting, % 38, 22.6% 17, 25.0% 32, 37.6% 3, 33.3% 0.079
stomachache, % 82, 48.8% 37, 54.4% 40, 47.1% 4, 44.4% 0.806
Fever, % 22, 13.1% 23, 33.8% 15, 17.6% 0, 0.0% 0.001**
crP (mg/l) 11.31±24.41 12.70±20.40 11.94±14.24 5.97±10.20 0.869
WBc (109/l) 8.84±3.32 11.12±4.44 8.98±3.02 10.00±3.86 0.000**
neu% 73.57±12.84 80.28±8.78 76.76±14.27 78.91±12.65 0.002**
symptom duration (h) 17±8 13±8 15±7 15±8 0.124
Diarrhea (number of times) 6.21±4.07 5.99±2.50 6.81±3.84 6.00±2.55 0.519

Notes: Infection groups were classified by microbiological culture examination. Combination group includes patients with both bacteria and virus detected. P, Pearson’s 
chi-square test. Data presented as n % or mean ± standard deviation. **P,0.01.
Abbreviations: crP, c-reactive protein; neu%, percentage of neutrophils; WBc, white blood cells.
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Hence, we concluded that this retrospective study showed 

a profound misuse of antibiotics in the patients with acute 

diarrhea, which was directly guided by the results from the 

blood tests of WBC, Neu%, and CRP.

Discussion
In this retrospective cohort study, we observed a profound 

misuse of antibiotics in patients with acute diarrhea who 

were treated based on blood testing (CRP, WBC, and Neu%). 

Although the results of the blood tests displayed a significant 

difference between patients with bacterial diarrhea and other 

groups of patients, these tests failed to prove their accuracy 

in differentiating between bacterial diarrhea and non- 

bacterial diarrhea.

As a common symptom faced by emergency doctors in 

People’s Republic of China, acute diarrhea and the intestinal 

secretory processes can be activated by infection from bacteria, 

viruses, or other pathogens. It was reported that the most 

common enteral infectious agents in People’s Republic of 

China from 2010 to 2015 include 7 bacteria, 5 viruses, and 

3 protozoa. Diarrheagenic Escherichia coli was identified as 

the most predominant pathogen in diarrhea cases.18,19 In our 

study, the most frequent causes of infectious diarrhea were 

virus (Vibrio) and bacteria (Salmonella). In consistent with 

our findings, it seems that the epidemiology change during 

the several past years is virus becoming a more frequent cause 

than bacteria in Chinese as reported by citywide hospitals 

in big cities. For different infections, there were different 

treatments and the doctors in the primary hospitals and insti-

tutes determine the chance of bacterial infection using three 

criteria: elevated Neu%, WBC count, and CRP level. Doctors 

are more likely to prescribe antibiotics if more of these criteria 

Figure 1 Baseline laboratory results for the study cohort.
Notes: (A) The percentage of neutrophils in blood work tests of each group. (B) The number of WBc in each group. (C) The value of crP in each group. infection groups 
were classified by microbiological culture examination. Combination group means both bacteria and virus were detected. **P,0.01.
Abbreviations: crP, c-reactive protein; neu%, percentage of neutrophils; WBc, white blood cells.

Table 2 Blood test results in different infection groups

Grading 
group

N (%) in each infection group

Negative Bacteria Virus Combination Total

0 69 (66.3) 12 (11.5) 20 (19.2) 3 (2.9) 104
1 40 (42.6) 20 (21.3) 31 (33.0) 3 (3.2) 94
2 46 (48.4) 24 (25.3) 23 (24.2) 2 (2.1) 95
3 13 (35.1) 12 (32.4) 11 (29.7) 1 (2.7) 37

Note: Grading groups were classified by the total number of positive results in tests 
of cPr, WBc, and neu%.
Abbreviations: crP, c-reactive protein; neu%, percentage of neutrophils; 
WBc, white blood cells.

Table 3 Antibiotic use rate in each infection group

Grading 
group

N (%) of antibiotic use Ratio (non-
bacterial use/
bacterial use)

Non-bacterial 
infection 
(overuse)

Bacterial 
infection 
(proper use)

Total

0 26 (81.3) 6 (18.8) 32 4.3
1 54 (71.1) 22 (28.9) 76 2.5
2 63 (72.4) 24 (27.6) 87 2.6
3 24 (64.9) 13 (35.1) 37 1.8
Overall 167 (72.0) 65 (28.0) 232 2.6

Notes: non-bacterial infection includes negative and virus groups; bacterial 
infection includes bacteria and combination groups. Antibiotic use in non-bacterial 
infection group is considered as misuse of antibiotics.
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are met as they are directly related to bacterial infection. 

However, in our current findings, these indicators showed low 

accuracy in identifying bacterial infectious diarrhea.

The Neu% and WBC count are two criteria used to 

diagnose bacterial infection. Neutrophils are responsible 

for the most rapid immune response and are the immune 

system’s first line of defense.20 Upon bacterial infection, 

pathogen-associated molecular patterns of the bacteria, such 

as lipopolysaccharides and poly (I:C), may directly stimulate 

the infected tissue or local immune cells through toll-like 

receptors.21 This strong inflammatory stimulation would 

directly induce the production of cytokines and chemokines, 

among them are several CXC chemokines.22–24 These two 

criteria seem to be specific for bacterial infection. However, 

recent discoveries showed that viral infection can also induce 

elevated peripheral neutrophil count and percentage through 

similar mobilization mechanisms. The neutrophils are also 

recruited to the virus-infected tissue.25–27 Thus, analyzing the 

neutrophil percentage and WBC count cannot clearly distin-

guish bacterial infection from viral infection. Moreover, the 

elevated WBC count is dependent on neutrophil mobilization. 

This makes these two criteria interdependent and should not 

be evaluated as two separated criteria.

Another criterion the Chinese clinical practitioners use to 

diagnose bacterial infection is the elevation of CRP. CRP is 

a typical acute-phase protein. CRP can directly bind to and 

opsonize bacteria. It also orchestrates the immune response.28 

Importantly, many studies showed that extremely high CRP 

is related to acute bacterial infection but not viral infection. 

This makes it a good candidate for a criterion that can dis-

tinguish between bacterial and viral infection.29–31 However, 

in our study, we did not find an extremely high average CRP 

concentration in the bacterial diarrhea infections (Figure 1). 

This disappointing discovery may be due to the dynamic 

pattern of CRP expression. As we know, CRP was the acute-

phase protein. Plasma CRP is produced by hepatocytes and 

study showed that in healthy adults the median concentration 

of CRP was 0.8 mg/L and the 99th centile is 10 mg/L and 

after an acute-phase stimulus, CRP values may increase to 

10,000-fold.32 We noticed that in acute bacterial diarrhea, 

drastically elevated CRP concentration can only be found 

within 20 h after the infection (data not shown), while in our 

clinical practice the blood testing is often conducted outside 

of this timeframe. This may explain that why CRP elevation 

may not be found in most of patients with bacterial diarrhea. 

Due to this fact, a moderate CRP concentration is an unreli-

able criterion for differentiating between viral diarrhea and 

bacterial diarrhea. Another cause that leads to misdiagnose is 

when the patients have both bacterial and viral infections, and 

the CRP level and other physical symptom are much lower, 

instead of higher, as we observed in this study. Actually, in 

most of the combined infection patients, the viral and bacte-

rial infections usually occur simultaneously,33 which make 

the typical features of the bacterial infection disappear.

In brief, the imprecise nature of these diagnostic criteria 

may have led to many misdiagnoses of bacterial diarrhea. 

This is reflected in our data, which shows that an extremely 

high percentage of antibiotics overuse occurred because 

the doctors relied solely on these tests. This is not the only 

contributing factor to antibiotics overuse, however.

Previous studies showed that Chinese health literacy has 

been low and antibiotics have been considered a stronger, 

faster, and higher quality medicine for treatment.34 Pressure 

from patients and the financial concerns are two of major 

causes that conspire to encourage the dangerous overuse of 

antibiotics.8 The antimicrobial resistance of antibiotics is 

commonly increasing in People’s Republic of China, whereas 

the rate varies on different infections. For instance, studies 

indicated that the antimicrobial resistance of levofloxacin is 

53.4% in Shigella infections.35 In the Campylobacter jejuni 

infection, the resistance to cefuroxime was increased to 93% 

in 2010 while it was 0% in the 1990s.36 Actually, the preven-

tive usage of antibiotics is beneficial in immunocompromised 

patients,37,38 which only counts for a small amount of patients 

with infectious diseases. For instance, only ~5%–8% of acute 

salmonellosis is in general population.39 It is suggested that 

most patients should be prescribed with antibiotics only after 

confirmation of bacterial infection. However, confirmation of 

bacterial infection with culture analysis usually takes days, 

which is an unrealistic amount of time to wait to provide a 

treatment. Thus, Chinese medical practitioners utilized an 

inexact method to prescribe antibiotics, taking into account 

only the patients’ symptoms and quick lab tests. When infor-

mation about antibiotics became available to the general pub-

lic in People’s Republic of China, the elderly and parents of 

small children with limited health insurance preferred the use 

of antibiotics treatment because it was an inexpensive option. 

In addition, monetary incentives also contribute to clinicians 

prescribing antibiotics excessively. This is especially true 

of primary care clinicians as monetary incentives from drug 

prescriptions are a major source of income for them.34

In summary, the higher rate of antibiotic prescription 

for patients with acute diarrhea by primary care clinicians 

may be explained by a combination of inaccurate crite-

ria for diagnosis, lack of sufficient training, and stronger 

economic incentives. Practitioners should be cautious about 
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overprescribing antibiotics and rely on other testing methods 

for treatment. Medical professionals, as well as government 

personnel working in the health sector, need to update their 

diagnostic and treatment guidelines based on the latest sci-

entific evidence. The remedy of this situation requires that 

educational awareness programs be conducted on a regular 

basis to educate doctors and patients about the dangers of 

overuse and abuse of antibiotics.

Overall, we found that using these three blood tests to 

diagnose bacterial diarrhea and guide antibiotics treatment 

is not reliable. More accurate and efficient diagnostic crite-

ria for identifying bacterial diarrhea are needed in People’s 

Republic of China to reduce antibiotic overuse and improve 

the efficiency of the clinical management of diarrhea.
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Table S1 Primer sequences for bacteria identification

Gene name (bacteria type) Primers (5′–3′) Production 
length (bp)

invA (Salmonella) F: Agg TgA cAc TAT AgA ATA 323
r: gTA cgA cTc AcT ATA ggg A

ipaH (Shigella and EIEC) F: gTT ccT TgA ccg ccT TTc cgA TAc cgT c 619
r: gcc ggT cAg ccA ccc TcT gAg AgT Ac

stx1 (EHEC) F: AAA Tcg ccA TTc gTT gAc TAc TTc T 370
r: Tgc cAT TcT ggc AAc Tcg cgA Tgc A 

stx2 (EHEC) F: cAg Tcg TcA cTc AcT ggT TTc ATc Ac 283
r: ggA TAT TcT ccc cAc TcT gAc Acc

eaeA (EHEC and ePec) F: TcA ATg cAg TTc cgT TAT cAg TT 482
r: gTA AAg Tcc gTT Acc ccA Acc Tg

aggR (EAEC) F: cTA TAc AcA AAA gAA ccA Agc 254
r: AcA gAA Tcg TcA gcA TcA gc

lt (ETEC) F: TcT cTA TgT gcA TAc ggA gc 322
r: ccA TAc TgA TTg ccg cAA

mapA (Campylobacter jejuni) F: Agg TgA cAc TAT AgA ATA 627
r: gTA cgA cTc AcT ATA ggg A

Table S2 Primer sequences for virus identification

Virus type Primers and probes Sequence

Rotavirus nVP3-F AccATcTTcAcrTrAcccTc
nVP3-r ggTcAcATAAcgcccc
nVP3-Probe ATgAgcAcAATAgTTAAAAgcTAAcAcTgTcAA

Adenovirus Adeno-F gccAcggTggggTTTcTAAAcTT
Adeno-r gccccAgTggTcTTAcATgcAcATc
Adeno-Probe TgcAccAgAcccgggcTcAggTAcTccgA

Astrovirus AV1 ccgAgTAggATcgAgggT
AV2 gcTTcTgATTAAATcAATTTTAA
Avs cTTTTcTgTcTcTgTTTAgATTATTTTAATcAcc

Sapovirus sV1 gcTgTTTcTAcTggTgcA
sV2 ggcATccTgTcTTTccAAgcA
sVP ccAATcTAATgTcccTgAggcAATAcgTAA

Norovirus cOg1F cgTTggATgcgcTTTcATgA
cOg1r cTTAgAcgccATcATcATTTAc
Probe
ring1-TP AgATTgcgATcTccTgTccA

Vibrio TlhF AggTgAcAcTATAgAATA
Tlhr gTAcgAcTcAcTATAgggA
Probe
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Table S3 The polymerase chain reaction condition of diarrhea 
pathogens

Pathogen type Temperature (°C) Time Cycles

Bacteria and Vibrio 50 30 min
95 15 min
90 30 s 10
56 30 s
72 60 s
90 30 s 10
68 30 s
72 60 s
90 30 s 20
50 30 s
72 60 s
72 3 min

Rotavirus 50 30 min 45
95 15 min
95 15 s
60 1 min
50 45 min

Astrovirus 95 15 min 45
94 15 s
55 1 min

Sapovirus 50 30 min 40
95 15 min
94 15 s
55 34 s

Norovirus 50 30 min 45
95 15 min
95 10 s
60 1 min

Adenovirus 95 15 min 45
95 15 s
60 1 min
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