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Background: Gonorrhea, caused by the bacterium Neisseria gonorrhoeae (NG), is a major public health concern worldwide.
Aim of the Study: The aim of this study is to understand the availability of laboratory diagnosis of gonorrhoea in Shandong province 
and its meaning in case reporting.
Methods: Two surveys were conducted among hospitals providing clinical services for sexually transmitted infection (STI) in 
Shandong Province in 2012 and 2018. The availability of laboratory tests for NG and distribution of reported gonorrhea cases were 
compared among different hospitals provided clinical services for STI in Shandong province. Descriptive analysis and Chi-square were 
used for statistical analysis.
Results: Smear, culture and PCR tests for NG were used among 301(74.69%), 123(30.52%), 43(10.67%) hospitals in 2012 and 356 
(74.48%), 176(36.82%) and 73(15.27%) hospitals in 2018, respectively. Significant differences were observed in the availability of 
smear among hospitals at different levels (X2=12.159, p=0.000) and with different affiliations (X2=4.551, p=0.033) in 2018. 
Significant differences were observed in the availability of culture and PCR tests among hospitals at different levels both in 2012 
(X2=34.532, p=0.000; X2=7.380, p=0.007) and 2018 (X2=49.820, p=0.000; X2=21.658, p=0.000). The availability of culture and PCR 
tests for NG among hospitals in 2018 was higher than that in 2012 (X2=3.870, p=0.049; X2=4.050, p=0.044). More hospitals reported 
gonorrhea cases in 2018 than in 2012 (X2=6.768, p=0.009). A significant difference was observed in distribution of case reporting 
among hospitals at different levels in 2018 (X2=6.975, p=0.008) and among different types of hospital both in 2012 (X2=52.362, 
p=0.000) and 2018 (X2=74.478, p=0.000).
Conclusion: Poor availability of NG laboratory tests affects case reporting, and which is a crucial reason leading to underreporting of 
gonorrhea cases in Shandong province.
Keywords: gonorrhea, availability, laboratory tests, underreporting

Introduction
Gonorrhea, caused by the bacterium Neisseria gonorrhoeae (NG), is a major public health concern worldwide. It was 
estimated that 82 million new case were infected by NG worldwide in 2020.1 The 2016 global prevalence estimates in 
women were: gonorrhoea 0.9% and syphilis 0.5%.2 The reported incidence of gonorrhea was higher than that of syphilis.

In China, syphilis and gonorrhea belong to the second-class infectious diseases, according to the Infectious Disease 
Prevention Act of China.3 The incidence rates of gonorrhea were on the rise from 2011 to 2021. The annual percentage 
change was 2.56% for gonorrhea.4

A study found that the positive rate of syphilis and N. gonorrhoeae among women of reproductive age was 0.73% and 
0.06%.5 Gonorrhea is still among the top five notifiable infectious diseases in China. The reported incidence of gonorrhea 
was 9.59 cases per 100,000 residents in 2018.6 Gonorrhea is still one of the major infectious diseases that should be 
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concerned. In the absence of treatment, gonorrhea can lead to pelvic inflammatory disease, infertility and an increased 
risk of transmission of human immunodeficiency virus.7 Studies indicate that NG is rapidly becoming untreatable with 
decreased ceftriaxone and azithromycin susceptibility.8–10 Dual therapy with ceftriaxone and azithromycin is currently 
recommended for the treatment of gonorrhea in Thailand.11 In addition, tolerance to ceftriaxone was found in clinical 
samples.12 However, if the surveillance data cannot interpret the current situation of gonorrhea epidemic, misleading may 
be inevitable in policy making for gonorrhea prevention and control. Many factors may affect the integrity and accuracy 
of surveillance data. Gonorrhea may be asymptomatic in 40% of men and more than half of women.13 A survey found 
that 81% to 98% of individuals with chlamydia and gonorrhea infections would be undiagnosed and untreated using only 
symptomology.14 Case reporting of gonorrhea is largely based on laboratory diagnosis in China. Availability of 
laboratory tests may play a vital role in gonorrhea surveillance. In addition, the reported incidence of gonorrhea is 
closely related to screening programmes implemented and the development of laboratory tests techniques in medical 
institutions. We all know that the practice of laboratory tests for NG in hospitals are associated with case reporting, but 
little information on how and to what extent it effects case reporting is available in China. In addition, the spread of 
antimicrobial-resistant NG has led to an increasing need to improve the availability of laboratory tests in hospitals. To 
understand the availability of laboratory tests for NG and make out its meaning in gonorrhea case reporting, we 
conducted two surveys among hospitals providing STI clinical service in Shandong province in 2012 and 2018, 
respectively.

Materials and Methods
Study Site
The study was conducted in Shandong, the third largest economically developed province in China. A total of 1549 and 2579 
hospitals had been registered by 2012 and 2018, respectively, serving for about one hundred million people in the province.15,16

Study Objects
Hospitals providing clinical services for sexually transmitted infection (STI) in Shandong province were included in this 
study. All hospitals with case reporting of STI in Shandong province in the past year were defined as that provided 
clinical service for STI.

Primary hospitals (Class I) are primary health care institutions that directly provide the community with comprehen-
sive services of medical treatment, prevention, rehabilitation and health care. Secondary hospitals (Class II) are regional 
hospitals that provide medical and health services across several communities and are technical centers for regional 
medical prevention. Tertiary hospitals (Class III) are hospitals that provide medical and health services across regions, 
provinces, cities and the whole country, and are medical and preventive technology centers with comprehensive medical 
treatment, teaching and scientific research capabilities.

Specialized dermatological hospitals is responsible for the prevention and control of sexually transmitted diseases and 
skin diseases. Maternal and child health hospitals refer to hospitals that provide diagnosis and treatment for women and 
children. General western medicine hospitals and Chinese medicine hospitals are the most important component of 
delivering health care to people, but the former is dominated by western medicine, while the latter is dominated by 
traditional Chinese medicine. Other specialized hospitals include orthopedic specialist hospitals, ophthalmic specialist 
hospitals, stomatological specialist hospitals and so on.

Public hospitals are state-owned and collective-run hospitals (including government-run hospitals). Private hospitals 
are non-governmental hospitals.

Data Collection
We conducted two surveys in 2012 and 2018, respectively. A structured questionnaire was used in data collection. Basic 
information on the hospitals by levels, types, and affiliation and the types of laboratory tests for NG provided in the hospitals 
was collected. Trained health staff from the Chinese Centers for Diseases Control and Prevention at prefecture-level and 
county-level visited each hospital in their respective jurisdictions and filled in the questionnaires. The records of reported 
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gonorrhea cases in Shandong both in 2012 and 2018 were downloaded from the China Information System for Disease 
Control and Prevention (CISDCP). Smear refer to Gram Stain, PCR to NAATs, and culture to agar dilution.

Data Analysis
Valid data collected were entered into Microsoft Excel for Windows (2012) and analyzed in SPSS (version 22). The 
percentages of hospitals providing each laboratory tests for NG and reported gonorrhea cases were analyzed and 
compared by levels, types, and affiliation. Descriptive analysis and Chi-square were used for statistical analysis. 
p values<0.05 was considered statistically significant.

Results
General Information
Among 1549 and 2579 hospitals registered in Shandong province in 2012 and 2018, clinical service for STI were 
available in 410 (26.47%) and 496 (19.23%) hospitals, and a total of 403 and 478 valid questionnaires were collected in 
the two surveys, respectively. The coverage of different hospitals provided clinical services for STI was low and had been 
deteriorated from 2012 to 2018, excepting among specialized dermatological hospitals and maternal and child health 
hospitals. (Table 1)

Availability of Laboratory Tests for NG in Hospitals of Shandong Province
Smear, culture and PCR tests for NG were used among 301 (74.69%), 123 (30.52%), 43 (10.67%) hospitals in 2012 and 
356 (74.48%), 176 (36.82%) and 73 (15.27%) hospitals in 2018, respectively.

Significant differences were observed in the availability of smear at different levels in 2018 (X2=12.159, p=0.000), but not 
in 2012. Significant differences were observed in the availability of culture and PCR tests at different levels both in 2012 
(X2=34.532, p=0.000; X2=7.380, p=0.007) and 2018 (X2=49.820, p=0.000; X2=21.658, p=0.000). They were more available 
in class III hospitals than that in class II and below hospitals. Significant differences were observed in the availability of smear, 
culture and PCR tests among different types of hospital both in 2012 (X2=35.593, p=0.000; X2=27.574, p=0.000; X2=9.666, 
p=0.046) and 2018 (X2=92.132, p=0.000; X2=37.660, p=0.000; X2=13.310, p=0.016). Smear and culture tests were more 
available among specialized dermatological hospitals and general western medicine hospitals than that among other kinds of 
hospitals in 2012 (X2=32.450, p=0.000; X2=23.759, p=0.000) and 2018 (X2=76.587, p=0.000; X2=31.391, p=0.000). PCR test 
was more available among general western medicine hospitals than that among other kinds of hospitals in 2012 (X2=6.113, 
p=0.013) and 2018 (X2=10.365, p=0.001). Significant differences were observed in the availability of culture test among 
hospitals with different affiliations in 2018 (X2=4.551, p=0.033), but not in 2012. Culture test was more available in public 
hospitals than that in private hospitals in 2018. No significant differences were observed in the availability of smear and PCR 
tests among hospitals with different affiliations both in 2012 and 2018.

Table 1 Percentages of Surveyed Hospitals in Shandong

Categories Number of 
Hospitals in 

2012

Surveyed 
in 2012 
(n, %)

Number of 
Hospitals in 

2018

Surveyed 
in 2018 
(n, %)

X2, p

Total 1549 403(26.02) 2579 478(18.53) 32.276, 0.000

Level Class III hospitals 127 116(91.34) 182 119(65.38) 27.666, 0.000
Class II and below hospitals 1422 287(20.18) 2397 359(14.98) 17.376, 0.000

Type Specialized dermatological hospitals 55 34(61.82) 48 43(89.58) 10.471, 0.001

General western medicine hospitals 1099 219(19.93) 1962 225(11.47) 40.648, 0.000
Maternal and child health hospitals 158 81(51.27) 162 107(66.05) 7.214, 0.007

Chinese medicine hospitals 158 50(31.65) 323 86(26.63) 1.319, 0.251

Other specialized hospitals 79 19(24.05) 84 17(20.24) 0.344, 0.558
Affiliation Public hospitals 773 368(47.61) 807 433(53.66) 5.779, 0.016

Private hospitals 776 35(4.51) 1772 45(2.54) 6.893, 0.009
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No significant change in the availability of smear test for NG was observed among hospitals from 2012 to 2018 
(X2=0.005, p=0.942). The availability of culture test for NG among hospitals in 2018 was higher than that in 2012 
(36.82% vs 30.52%, X2=3.870, p=0.049). It was significantly improved from 2012 to 2018 among general western 
medicine hospitals (36.99% vs 47.11%, X2=4.667, p=0.031) and public hospitals (30.71% vs 38.34%, X2=5.103, 
p=0.024). The availability of PCR test for NG among hospitals in 2018 was higher than that in 2012 (15.27% vs 
10.67%, X2=4.050, p=0.044). It was significantly improved from 2012 to 2018 among class III hospitals (17.24% vs 
28.57%, X2=4.261, p=0.039) and public hospitals (10.60% vs 15.70%, X2=4.482, p=0.034). (Table 2)

Distribution and Change of Hospitals with Gonorrhea Laboratory Tests and Cases 
Reporting in Shandong Province
A total of 119 (29.53%) and 188 (39.33%) hospitals reported gonorrhea cases in 2012 and 2018, respectively. 
A significant difference was observed in distribution of case reporting among hospitals with different level in 2018 
(X2=6.975, p=0.008), but not in 2012 (X2=3.491, p=0.062). More class III hospitals reported gonorrhea cases than class 
II and below hospitals in 2018. A significant difference was observed in distribution of case reporting among different 
type of hospitals both in 2012 (X2=52.362, p=0.000) and 2018 (X2=74.478, p=0.000). More specialized dermatological 
hospitals reported gonorrhea cases than other hospitals in 2012 (X2=18.543, p=0.000). More specialized dermatological 
hospitals and general western medicine hospitals reported gonorrhea cases than other hospitals in 2018 (X2=58.654, 
p=0.000). No significant differences were observed in distribution of case reporting among hospitals with different 
affiliations both in 2012 (X2=2.826, p=0.093) and 2018 (X2=3.339, p=0.068).

More hospitals reported gonorrhea cases in 2018 than in 2012 (X2=6.768, p=0.009). Specifically, more class III 
hospitals, class II and below hospitals, general western medicine hospitals and public hospital reported gonorrhea cases 
in 2018 than in 2012 (X2=4.286, p=0.038; X2=6.086, p=0.014; X2=15.520, p=0.000; X2=8.523, p=0.004). (Table 3)

Among hospitals reported cases of gonorrhea in 2018, 95 reported female gonorrhea cases. More hospitals with culture 
or PCR tests available reported female cases of gonorrhea than those without (67.37% vs 32.63%; X2=7.733, p=0.005).

Discussion
In this study, we evaluated the capacity of STI clinical service in Shandong province. We found that the number of 
hospitals providing STI clinical service increased but the proportion decreased in the past six years. The total number of 
registered hospitals largely increased in the past six year, especially the number of private hospitals increased, but the 
proportion of providing STI clinical service was decreased. Although the proportion of specialized dermatological 
hospitals STI clinical service increased, their number was decreased. Public general western medicine hospitals are 
still playing a core role in STI clinical service in Shandong province. The proportion of hospitals providing STI clinical 
service was still as low as 18.53% in 2018, indicating that much room needs to be improved in availability of STI clinical 
service in Shandong province.

Among hospitals providing STI clinical service, the availability of laboratory tests for NG was low. Among hospitals 
surveyed in 2018, more than 1/4 could not provide smear test for NG, more than 3/5 could not provide culture test, and 
more than 5/6 could not provide PCR test. In 1990s, the reported incidence of gonorrhea was much higher than syphilis 
and kept increasing to its peak in 1999, then went down. A new criterion for diagnosis of gonorrhea implemented in 
2007, defining gonorrhea case based on pathogenic test instead of clinical examination, and the role of laboratory tests 
has been emphasized since then.

Although most hospitals could provide smear test, female gonorrhea cases could not be diagnosed by smear according to 
the criterion for diagnosis of gonorrhea issued by the National Health Commission of China. Diagnosis of female gonorrhea 
cases relies on culture or PCR tests of NG. Most female cases may be underdiagnosed and underreported due to low 
availability of culture and PCR tests. It is recommended that all sexually active women aged 24 years or younger and older 
women at high risk of gonorrhea and chlamydia infection should be screened with PCR test.17 Maternal and child health 
hospitals should play an important role in NG screening among the female. But, the laboratory tests for NG were less available 
in maternal and child health hospitals than specialized dermatological hospitals and general western medicine hospitals, and no 
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Table 2 Availability of NG Laboratory Tests in Hospitals of Shandong Province

Categories Smear Culture PCR

2012 (n, %) 2018 (n, %) X2, p 2012 (n, %) 2018 (n, %) X2, p 2012 (n, %) 2018 (n, %) X2, p

Total 301(74.69) 356(74.5) 0.005, 0.942 123(30.52) 176(36.82) 3.870, 0.049 43(10.67) 73(15.27) 4.050, 0.044
Level Class III hospitals 91(78.45) 103(86.6) 2.680, 0.102 60(51.72) 76(63.87) 3.552, 0.059 20(17.24) 34(28.57) 4.261, 0.039

Class II and below hospitals 210(73.17) 253(70.5) 0.571, 0.450 63(21.95) 100(27.86) 2.947, 0.086 23(8.01) 39(10.86) 1.493, 0.222

X2, p 1.217, 0.270 12.159, 0.000 34.532, 0.000 49.820, 0.000 7.380, 0.007 21.658, 0.000
Types Specialized dermatological hospitals 32(91.43) 41(95.30) 1.000 18(52.94) 22(51.16) 0.024, 0.877 1(2.94) 2(4.65) 1.000

General western medicine hospitals 181(82.65) 200(88.90) 3.550, 0.060 81(36.99) 106(47.11) 4.667, 0.031 31(14.16) 47(20.89) 3.475, 0.062

Maternal and child health hospitals 46(56.79) 48(44.90) 2.625, 0.105 12(14.81) 16(14.95) 0.001, 0.979 4(4.94) 12(11.21) 2.333, 0.127
Chinese medicine hospitals 31(62.00) 59(68.60) 0.616, 0.432 8(16.00) 26(30.23) 3.416, 0.065 6(12.00) 11(12.79) 0.018, 0.893

Other specialized hospitals 11(57.89) 8(47.10) 0.423, 0.516 4(21.05) 6(35.29) 0.463 1(5.26) 1(5.88) 1.000

X2, p 35.593, 0.000 92.132, 0.000 27.574, 0.000 37.660, 0.000 9.666, 0.046 13.310, 0.016
Affiliation Public hospitals 278(75.54) 325(75.10) 0.025, 0.874 113(30.71) 166(38.34) 5.103, 0.024 39(10.60) 68(15.70) 4.482, 0.034

Private hospitals 23(65.71) 31(68.90) 0.090, 0.764 10(28.57) 10(22.22) 0.423, 0.515 4(11.43) 5(11.11) 1.000

X2, p 1.633, 0.201 0.816, 0.654 0.069, 0.793 4.551, 0.033 0.023, 0.880 0.665, 0.415
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improvement was achieved in the past six years in Shandong province. Although smear test is less sensitive to women, it is 
still the main method for NG screening even in maternal and child health hospitals in Shandong province. More gonorrhea 
cases were reported in male than female as well in some countries with high availability of PCR test for NG.18,19 This would 
lead to an underreporting of gonorrhoea among female in Shandong province.

We confirmed that the availability of laboratory tests of NG is related to case reporting of gonorrhea. The distribution 
of hospitals with gonorrhea case reporting was consistent with that of hospitals where laboratory tests were available. 
The availability of culture and PCR tests has been improved in Class III hospitals, general western medicine hospitals 
and public hospitals from 2012 to 2018. Accordingly, the proportion of hospitals with case reporting increased 
significantly in those hospitals. Earlier study also found that the increasing number of gonorrhea cases was related to 
the PCR testing rate.20 Diagnosis of female gonorrhea cases relies on culture or PCR tests of NG. Insufficient of 
laboratory tests may lead to underdiagnosed and underreported of gonorrhea, especially for female cases, in Shandong 
province. In addition, more than 74% of surveyed hospitals could provide smear test for NG at least both in 2012 and 
2018, however, less than 40% reported cases of gonorrhea. It indicates that availability of laboratory tests is not the 
exclusive factor related to case reporting. We found by interview with doctors that another factor leading to under 
diagnosis and under reporting of gonorrhea may be the low awareness of gonorrhea screening by clinical doctors. Many 
infections of NG have no symptoms and most cases may never be diagnosed without screening. In Canada, midwives, 
family physicians and generalist obstetricians tested 93.8%, 91.4% and 88.5% of their patients respectively.21 Low 
availability of NG screening may lead to underdiagnosis and underreporting of gonorrhea in China.

Many factors may affect availability and use of laboratory tests of NG. Smear test is rapid, convenient and 
inexpensive. The sensitivity and specificity of smear were high for symptomatic males, but low for female.22 The 
culture method has high sensitivity and specificity. But, it needs higher requirements with meticulous sample collection, 
transport and nutrient medium than other methods.23,24 PCR test offers very high sensitivity and specificity of detection, 
which is now the standard of diagnoses across the US and other countries.22 For rectal gonorrhea and pharyngeal 
gonorrhea, testing positive was more obtained by PCR than culture.25 However, higher requirements in equipment and 
technicians than smear and culture may restrict its wide use. From 2013 to 2015, there was an increase of some 
laboratories offering NG PCR test in US.26 In contrast, the availability of PCR test was still as low as 15% among 
hospitals providing STI clinical service in Shandong province in 2018. In a survey of 57 countries that responded, only 
14 countries reported having antenatal CT or NG screening policies.27 National level policies to support routine screening 
for CT or NG infection to prevent adverse pregnancy and newborn outcomes are uncommon.

Some efforts are needed to improve the screening and reporting of gonorrhea in Shandong. Firstly, increase 
accessibility of STI clinical services by integrating the prevention and management of STI into the broader agendas of 

Table 3 Distribution and Change of Hospitals with Gonorrhea Cases Reporting in Shandong Province

Categories Hospital with Case Reporting 
in 2012 (n, %)

Hospital with Case Reporting 
in 2018 (n, %)

X2, p

Total 119(29.53) 188(39.33) 6.768, 0.009

Level Class III hospitals 42(36.21) 59(76.47) 4.286, 0.038

Class II and below hospitals 77(26.83) 129(49.58) 6.086, 0.014
X2, p 3.491, 0.062 6.975, 0.008

Types Specialized dermatological hospitals 21(61.76) 24(55.81) 0.277, 0.599

General western medicine hospitals 78(35.62) 122(54.22) 15.520, 0.000
Maternal and child health hospitals 3(3.70) 9(8.41) 1.710, 0.191

Chinese medicine hospitals 16(32.00) 31(36.05) 0.229, 0.632
Other specialized hospitals 1(5.26) 2(11.76) 0.593

X2, p 52.362, 0.000 74.478, 0.000

Affiliation Public hospitals 113(30.71) 176(40.65) 8.523, 0.004
Private hospitals 6(17.14) 12(26.67) 1.024, 0.312

X2, p 2.826, 0.093 3.339, 0.068
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HIV, sexual and reproductive health, and other key platforms. Secondly, accelerate accessibility to innovations through 
the development of point-of-care (POC) testing. The overall rate of agreement and negative percentage agreement with 
POC were 97.8% and 100% respectively, for NG compared with NAAT methods.28 WHO also advocated the develop-
ment of POC testing as a critical step within STI cascade and continuum of services. POC testing for urogenital 
infections might improve case-finding and infection management and is feasible in resource-poor settings.29 Integration 
of POC testing can mitigate the transmission and burden of STI.30 Thirdly, strengthen training of clinicians and scale up 
STI interventions. Lack of training for clinicians was one of the important barriers for performing STI testing.31 The 
testing rate increased from 7.90% to 17.86% among university campus through education.32 Finally, strengthen quality 
assurance of NG laboratory tests. According to a survey, only 5% of the laboratories met or surpassed the lowest quality 
standards defined by the WHO/AFRO-derived laboratory strengthening tool in Kampala.33

There are some limitations in the study. First, the investigation was conducted in a province of China, and general-
ization of the results should be cautious. Second, many other factors may affect reporting of gonorrhea incidence besides 
the availability of laboratory tests for NG. Third, data on gonococcal resistance were not available.

Conclusions
In conclusion, poor availability of NG laboratory tests affects case reporting and is a crucial reason leading to under-
reporting of gonorrhea cases in Shandong province. More efforts are needed to improve the availability of NG laboratory 
tests in order to effectively control of gonorrhea.
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