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Background: Solidarity, such as community connectedness and social cohesion, may
be useful in improving HIV testing uptake among men who have sex with men (MSM).
This study aimed to evaluate the impact of solidarity on HIV testing before the coronavirus
disease 2019 (COVID-19) and HIV testing willingness during COVID-19 among MSM
in China.

Materials and Methods: An online survey was conducted to collect
sociodemographic, sexual behavioral, and solidarity items’ information from the
participants. We first used factor analysis to reveal the principal component of the
solidarity items and then used logistic regression to study the impact of solidarity on HIV
testing, by adjusting the possible confounding factors, such as age and education.

Results: Social cohesion and community connectedness were revealed by the factor
analysis. MSM with high community connectedness were more willing to undergo HIV
testing before the epidemic adjusted by age [odds ratio (OR): 1.07, 95% CI: 1.01-1.13].
The community connectedness was also related to the willingness of HIV testing during
the epidemic, with adjustments of 1.09 (95% CI: 1.03-1.15). People who did not test
for HIV before the COVID-19 epidemic were more willing to have the HIV test during the
epidemic, which was correlated with the community connectedness, and the OR value
was 1.14 (95%: 1.03-1.25).

Conclusion: A high level of community connectedness helped to increase the HIV
testing rate before COVID-19 and the willingness of HIV testing during the epidemic
among MSM. Strategies can strengthen the role of the community in the management
and service of MSM.

Keywords: HIV testing, solidarity, COVID-19 epidemic, men who have sex with men (MSM), community
connectedness
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INSTRUCTION

HIV remains an important public health issue among men who
have sex with men (MSM) (1). In China, HIV prevalence reached
8.0% among MSM, which was 200 times higher than the general
population (0.04%) (2). One of the reasons for the spread of
HIV among MSM may be the low HIV testing rate (3). The
limitation of current HIV testing approaches (4), the lack of MSM
community engagement (5), and hesitancy to access facility-
based services (6) limited Chinese MSM seeking HIV testing.
To develop innovative tailored testing strategies for MSM, a
good understanding of their behavior and willingness to get HIV
testing is required.

Since December 2019, coronavirus disease 2019 (COVID-
19) spread rapidly around the world. The epidemic outbreak
was characterized by WHO on March 12, 2020, as a global
pandemic (7). During the COVID-19 pandemic, the Chinese
government took a series of measures to inhibit the epidemic.
Due to these measures (i.e., quarantine, community isolation,
and maintenance of social distance), routine HIV testing was
affected and the need for testing were not imposed during the
epidemic (8).

Solidarity, defined as a middle ground between collectivism
and individualism (9), means that some individuals are
associated in a community and this community connectedness
association helps the individuals (10). Many items can define
and measure the solidarity among MSM, such as community
connectedness and social cohesion. Community connectedness
reflects the desire of an individual to become a part of
a larger community. Through community, people can
establish a relationship of mutual influence, build a shared
emotional connection, meet their individual needs, and be
rewarded through their community affiliation (11, 12). The
higher the community connectedness, the more benefits
the social network brings to the people participating in the
community. Social cohesion, also known as community
participation (13), reflects the individual’s sense of belonging
and common identity through the close connection between
the community and society (14). The distinction between
community connectedness and social cohesion is that social
cohesion more emphasizes the behavior or emotion of an
individual, but community connectedness more reflects
how the community affects the cognitive and affective
behavior of an individual, such as communication with or
trust in other people in the group, which is more difficult
to operationalize.

In the previous study, MSM with high social cohesion had
higher HIV testing rates in Eswatini (15). For example, a study
found that community-based social support can increase the HIV
testing rate among MSM (16). The mechanism for this situation
is solidarity can promote HIV testing through the influence
of social cohesion and community connectedness. However,
whether this relationship is also exists in the Chinese context is
still not clear.

In this study, we aimed to evaluate the impact of solidarity
on HIV testing before the COVID-19 and the HIV testing
willingness during COVID-19 among MSM in China.

METHODS

Study Setting and Infrastructure

Establishment

This online cross-sectional study was conducted among Chinese
MSM from May 18 to June 2, 2020, when the COVID-
19 epidemic in China was lessening. China started to issue
comprehensive COVID-19 measures from January 23, 2020
and this date was used as a cut-off date of the two periods.
Before January 23, namely, before the COVID-19 epidemic and
after the day named during COVID-19 epidemic, banner ads
to the online survey were placed in WeChat, a major social
networking platform in China. If the participants completed the
questionnaire and participated in a lottery draw, they would
have the chance to get a T-shirt provided by a community-
based organization. Potential participants clicked on the survey
link and signed an electronic written consent form and accepted
quantification screening. Exclusion criteria were: those who did
not agree to participate in the survey, those under the age of 18,
if birth sex was female, or those who had never had sex with
men. The phone number and IP address were used to assure each
participant could only attend the survey once. In addition, IP
address was used to identify individuals residing in China. With
an average HIV testing rate in the last 3 months among MSM
(P) of 20%, a precision error (d) of 0.15 P, and a CI of 95%, the
required sample size was expected to be 712. The study settings
were performed as detailed in our previous study (17).

MEASURES

Sociodemographic and Sexual History

The information of MSM sociodemographic characteristics were
collected: age and educational attainment (high school or below,
college, and college or above). Sexual history included their
sexual orientation (gay, bisexual, or unsure), number of male sex
partners in the last 3 months, temporary sexual partners in the
past 3 months (yes or no), and condom use frequency in the past
3 months (never, occasionally, usually, or always).

HIV Testing Information Before and Over

COVID-19 Epidemic

The information of HIV testing in MSM population was divided
into two parts: before or during the COVID-19 epidemic. Before
the epidemic, the history of HIV testing and HIV self-check
relevance were collected. During the epidemic, the willingness of
HIV testing, whether the HIV testing met the needs, and HIV
self-check relevance were collected.

Solidarity Measurements

The solidarity among MSM has been noted historically as a
powerful factor in explaining and predicting MSM behavior
(18). We adapted the scale from a standardized 10-item opinion
solidarity scale to measure solidarity, and divided it into two core
factors according to the factor analysis. The 10 items are shown
in Supplementary Table 1. All the items were answered using
a four-point Likert scale, four means “Strongly Agree,” three
means “Agree,” two means “Disagree,” and one means “Strongly
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Disagree.” The higher the factor, the lower the solidarity. The
scale of social cohesion was obtained by scoring: “If you need to
borrow money, do you think your friends in the MSM circle will
lend it to you?”, “Are you willing to discuss your private problems
with friends in your MSM circle?”, “If you need a place to live,
can you rely on your friends in your MSM circle to take you
in?”, “Do you think your MSM circle is a harmonious circle?”,and
“Can you trust most MSM you know?”. The scale of community
connectedness was obtained by scoring: “Do you think you are
part of the MSM group?”, “Is your attitude toward joining in
the MSM community positive?”, “Are you proud of being part
of the MSM group?”, “Do you think that as long as you work
with your partner, the problems facing the MSM community can
be solved?”,and “Do you think the problems faced by any MSM
community are also problems faced by you?”.

Statistical Analysis

An exploratory factor analysis (EFA) with orthogonal rotation
(varimax) was conducted to identify the potential factors for
solidarity. The variance of the factor is eigenvalue. In the initial
factor solution, the first factor will account for the most variance,
the second will account for the second highest amount of
variance, and so on. According to the previous study, solidarity
can be identified on the basis of the eigenvalue (>1.5) on scree
plot (Supplementary Figure 1) (15). Percentages of variances
were calculated. Factor loading of >|0.40| was recognized as the
item strongly associated with the identified factor (19).

The ordered logistic regression models were used to estimate
the odds ratios (ORs) and 95%CI for HIV testing across the
solidarity factors score before or during the COVID-19 epidemic.
Model 1 was adjusted for age. Model 2 was additionally adjusted
for education, number of temporary sexual partners in the past
3 months, and condom use frequency in the past 3 months. All
the analyses were conducted using Stata 15.1. A p < 0.05 was
regarded as statistically significant.

ETHICAL STATEMENT

Ethical approval was obtained from the Zhuhai Center for
Diseases Control and Prevention.

RESULTS

This study was conducted between June 17, 2020, and November
12, 2020. Supplementary Table 2 shows the number of MSM
people in the habit of receiving HIV testing before or during the
COVID-19 epidemic. Overall, there were 808 people involved in
the survey, and 731 people who met the eligibility criteria finished
the survey. The participants were recruited from 135 cities in 30
provinces of China.

The participants are 18-62 years old, with a median age
of 27 (24, 33) years old. The gender of this group was
mostly male (94.25%, 689/731), unmarried (84.46%, 632/731),
college graduates (44.19%, 323/731), with a personal income of
5142-8571 dollar/year (28.59%, 239/731), a company employee
(white-collar) in occupation (34.47%, 252/731), and homosexual
(81.67%, 597).

TABLE 1 | Factor loadings for MSM cohesion derived from exploratory factor
analysis MSM cohesion were identified at baseline.

Variation Factor 1 Factor 2
Social cohesion Community connectedness

One_of_the_group 0.72
Positive_attitude_join 0.82
Pride_group 0.78
Solve_effort 0.74
Problem_same 0.61
Borrow_money 0.78

Privacy_problem 0.71

Stay_home 0.81

Harmony_circle 0.74

Trust_msm 0.72

Absolute values< 0.60 are excluded from the table for simplicity. The social cohesion
(factor1) was loaded items as “If you need to borrow money, you think your friends in the
MSM circle will lend it to you?”, “You are willing to discuss your private problems with
friends in your MSM circle?”, “If you need a place to live, you can rely on your friends in
your MSM circle to take you in?”, “Do you think your MSM circle is a harmonious circle?”
and “You can trust most MSM you know?”. And the community connectedness (factor 2)
was loaded heavily on “Do you think you are the one of the MSM group?”, “Your attitude
toward join in the MSM community is positive?”, “You are pride of being part of the MSM
group?”, “You think that as long as you work with your partner, the problems facing the
MSM community can be solved?” and “Do you think the problems faced by any MSM
community are also problems faced by you?”.

HIV Testing Behaviors

As Supplementary Table 2 showed, before the COVID-19
epidemic, the percentage of people who had ever been tested for
HIV was 64.8% (474/731), among whom 82.1% (389/474) used
self-test kits to test HIV. During the 3 months of the COVID-19
pandemic, 58.4% (427/731) people mentioned they had a need
for a HIV test, but only 64.9% (277/427) of those needs were met
during the pandemic, while the majority of the needs were filled
through HIV self-testing (84.1%, 233/277).

Factors Related to Solidarity

Two factors were determined in the present study. As shown in
Table 1, the social cohesion was loaded heavily on five items:
borrowing money, privacy problem, staying home, harmony
circle, and trusting MSM. The community connectedness factor
was also loaded on five items: being part of the MSM
group, positive attitude toward joining the MSM community,
pride in the MSM group, solving effort, and shared problems
with partners. The factor loading is shown in Table 1. The
questionnaire is shown in Supplementary Table 1.

Relationship of HIV Testing and Solidarity
Before COVID-19 Pandemic

Before the epidemic, community connectedness was associated
with HIV testing (adjusted OR = 1.07, p < 0.05), adjusted by
age only (95% CI: 1.01-1.13). When adjusted by age, education,
number of temporary sexual partners in the past 3 months, and
condom use frequency in the past 3 months, the OR = 1.06 (95%
CI:1.00-1.13). But the social cohesion showed no relation to HIV
testing before the COVID-19 epidemic (Table 2).
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TABLE 2 | The relationship between whether to be tested for HIV before the
epidemic and the two common factors.

TABLE 4 | The relationship between whether you want to be tested during the
epidemic and the two common factors.

Variation OR SEM Z-value P-value 95% CI
Social cohesion

Model 1 1.04 0.026 1.58 0.115 0.99-1.09
Model 2 1.04 0.011 1.69 0.092 0.98-1.08
Community connectedness

Model 1 1.07 0.030 2.34 0.019 1.01-1.13
Model 2 1.06 0.031 2.11 0.035 1.00-1.13

OR, Odds ratio; SEM, Standard Error of Mean; Cl, confidence interval. The higher the
factor, the lower solidarity. (very agree-totally disagree). Model 1 adjusted for age. Model
2 was additionally adjusted for age, education, number of temporary sexual partners in
the past 3 months and condom use frequency in the past 3 months. P-value for trend
was obtained by adjusting solidarity factors as continuous variables. P < 0.05 are bold.

TABLE 3 | The relationship between whether you want to be tested during the
epidemic and the two common factors.

Variation OR SEM Z-value P-value 95% CI
Social cohesion

Model 1 1.02 0.025 0.98 0.33 0.97-1.07
Model 2 1.03 0.026 1.29 0.20 0.98-1.08
Community connectedness

Model 1 1.09 0.030 2.99 0.003 1.03-1.15
Model 2 1.08 0.031 2.81 0.005 1.02-1.14

OR, Odds ratio; SEM, Standard Error of Mean; Cl, confidence interval. The higher the
factor, the lower solidarity. (very agree-totally disagree). Model 1 adjusted for age. Model
2 was additionally adjusted for age, education, number of temporary sexual partners in
the past 3 months and condom use frequency in the past 3 months. P-value for trend
was obtained by adjusting solidarity factors as continuous variables. P < 0.05 are bold.

Relationship of HIV Testing Willingness and
Solidarity During COVID-19 Epidemic

The willingness of HIV testing during the epidemic was also
correlated with community connectedness (OR = 1.09, 95% CI:
1.03-1.15), adjusted by age only or age, education, number of
temporary sexual partners in the past 3 months, and condom use
frequency in the past 3 months (OR = 1.08, 95% CI: 1.02-1.14).
The social cohesion showed no relation to HIV testing or HIV
testing willingness (Table 3).

To know if HIV testing before the COVID-19 epidemic
can influence the MSM testing needs during the epidemic,
we further divided the people into two parts, according to
people who had or not had a HIV test before the COVID-
19 epidemic as shown in Table 4. MSM who did not test for
HIV before the COVID-19 epidemic with higher community
connectedness was more willing to get HIV testing during the
COVID-19 epidemic (OR = 1.14, p < 0.05). But community
connectedness did not influence those who had the HIV
test before the pandemic. Additionally, social cohesion cannot
influence the HIV testing willingness, no matter whether
the MSM tested for HIV before the COVID-19 epidemic
or not.

Didn’t test HIV before Had the HIV test before

(n = 257) (n =474)
OR (95% CI) p-value OR (95% CI) p-value

Social cohesion

Model 1 1.05 (0.97-1.14) 0.22 0.99 (0.93-1.06) 0.80
Model 2 1.07 (0.98-1.17) 0.12 1.00 (0.93-1.06) 0.91
Community connectedness

Model 1 1.14 (1.03-1.25) 0.008 1.03 (0.96-1.11) 0.37
Model 2 1.14 (1.04-1.26) 0.007 1.03 (0.96-1.11) 0.43

Reference group is didn’t test the HIV before the epidemic. OR, Odds ratio; Cl, confidence
interval. The higher the factor, the lower solidarity. (very agree-totally disagree). Model
1 adjusted for age. Model 2 was additionally adjusted for age, education, number of
temporary sexual partners in the past 3 months and condom use frequency in the past
3 months. P-value for trend was obtained by adjusting solidarity factors as continuous
variables. P < 0.05 are bold.

DISCUSSION

Knowing the relationship between solidarity and HIV testing is
essential in planning community-based HIV testing programs.
Solidarity can be divided into community connectedness and
social cohesion. In this study, we found that community
connectedness, as well as than social cohesion, affected HIV
testing significantly before the COVID-19 epidemic among MSM
in China. In addition, we found that MSM who had a high degree
of community connection were more willing to undergo HIV
testing during the COVID-19 epidemic. MSM who did not test
for HIV before the COVID-19 epidemic with higher community
connectedness were more willing to get HIV testing during the
COVID-19 epidemic. This study extended the existing literature
by evaluating the factor analysis of community solidarity among
the Chinese MSM, and assessing their association with HIV
before and during the COVID-19 pandemic.

According to our data of factor analysis, solidarity in MSM can
be divided into social cohesion and community connectedness.
The HIV test or the willingness of HIV testing before or during
the epidemic were correlated with community connectedness
rather than social cohesion. In the study by Elise Grover, nine
social cohesion items were used to measure present solidarity
among the MSM in Eswatini (15). They take the solidarity
indexes as a whole, instead of a part of solidarity, discussed
the relationship between solidarity and HIV testing, and found
solidarity promoted HIV testing. But other researchers think
solidarity is composed of many sub-items, of which MSM
community connectedness and social cohesion are the most
studied (20, 21). In MSM, community connectedness means
establishing a relationship of mutual influence, building a shared
emotional connection, meeting their individual needs, and being
rewarded through their community affiliation (22). The closer
the community connectedness, the wider the spread of health
promotion, such as HIV testing (20). Other than HIV testing,
community connectedness can also influence the frequency of
doctor visits among MSM (21).
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To improve solidarity, especially community connectedness,
the community-based organizations (CBO) should organize
activities regularly to enhance the cohesion of members in
the community (23). During the COVID-19 pandemic, online
activities are worth promoting by CBO. At the same time,
CBO should recruit as many members as possible to join in
the community, which can be achieved by forming Wechat
groups (24). In addition, the support of relevant government
departments, such as the CDC, is also an important part of
enhancing community connectedness, which include the support
of financial, venue, and health material (25). Finally, the influence
of community staff will also affect the connectedness of the
community (26), so finding key opinion leaders is also important
for health promotion.

We found people with higher community connectedness
showed different associations to HIV testing willingness during
COVID-19. For MSM who were not tested for HIV before
the COVID-19 epidemic, the higher the degree of community
connectedness, the more willing they were to get HIV testing
during the COVID-19 epidemic. For MSM who had been
tested for HIV before the COVID19 epidemic, the community
connectedness did not affect the willingness to test for HIV
during the epidemic. The absence of HIV testing before the
epidemic can be regarded as a risk factor (27). MSM with
strong community connectivity can better perceive the danger
and encourage others to take the HIV test. MSMs with a high
degree of community connectedness usually have more health
knowledge, which can help them perceive risks (16, 28). The
knowledge of HIV is possibly associated with community activity
among MSM (28). The more MSM know about HIV, the more
they are afraid of being infected.

Finally, there was no significant correlation between social
cohesion and HIV testing willingness among the people who
had HIV testing before the epidemic. According to our data,
social cohesion cannot regulate either the HIV testing before
the epidemic nor the willingness to test. Social cohesion, which
reflects the sense of belonging and common identity of an
individual through the close connection between the community
and society, does less for HIV testing or HIV testing willingness.
But social cohesion may influence other behaviors of MSM.
In Cote dIvoire, researchers found that social cohesion is a
determinant of prevalent HIV infection (29). Social cohesion
can also influence gonorrhea and chlamydia testing among
MSM (30).

There are some limitations to this study. First, we measured
solidarity by self-reported data, which may cause reporting
bias. More objective measurements and more robust research
is necessary to evaluate the community connectedness and
social cohesion of MSM individuals in the future. Second, we
only focused on the willingness of HIV testing during the
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