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1 | INTRODUCTION

Acute gastroenteritis (AGE) is a frequent infectious diarrhea dis-
ease, leading to hospitalization and eventually death in children
aged <5 years old, especially in developing countries.™® It was re-
ported that about 800 000 children who aged less than 5 years

Abstract

Objectives: Rotavirus A and human adenovirus are the two most common causes
of infantile diarrhea; thus, it is of great importance to find out a rapid and accurate
diagnostic method. This study aimed to evaluate the diagnostic significance of latex
agglutination test for detection of rotavirus A and human adenovirus.

Methods: A prospective study was conducted on 214 diarrhea children from
September 2018 to March 2019 in our hospital. Fresh stool samples were collected
for detection of rotavirus A and human adenovirus by latex agglutination test and
quantitative reverse transcription polymerase chain reaction (RT-gPCR). Then, the
consistency of results detected by these two methods was analyzed .

Results: With performing the latex agglutination test, it was revealed that positive rates
for detecting rotavirus A virus and human adenovirus were 23.83% (51/214) and 25.24%
(54/214), respectively. Meanwhile, results of RT-gPCR showed that positive rates for
detecting rotavirus A virus and human adenovirus were 58 (27.10%) and 59 (27.57%),
respectively. Using RT-qPCR as the gold standard, the sensitivity and specificity of the
latex agglutination test for detecting rotavirus A were 81.03% and 97.44%, and the corre-
sponding values for detecting human adenovirus were 76.27% and 94.19%, respectively.
Conclusion: This latex agglutination test showed a satisfactory consistency with RT-
qPCR for detecting rotavirus A and human adenovirus. The mentioned commercial assay

may be highly appropriate for rapid screening of rotavirus A and human adenovirus.
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old annually died due to diarrhea. Several causes for AGE were re-
ported, including unclean water, contaminated food, poor hygiene,
and inadequate disposal of waste and feces, and the most general
cause was found to be viral infection.* Among numerous viruses, ro-
tavirus (RV) and adenovirus (AdV) are the two most common causes
for infantile diarrhea.!
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In humans, RVs, which were firstly discovered in 1973 in duodenal
biopsy of nine children who suffered from acute diarrhea, are non-en-
veloped viruses of the Reoviridae family,>® and group A (RVA) was
found as the most common infectious variant in humans. AdV is a rela-
tively large non-enveloped dsDNA virus possessing a molecular weight
of ~150 MDa.” It has more than 80 different serotypes belonging to
species A-G,Band they mainly infect humans through respiratory, ocu-
lar, and gastrointestinal. AdV has become the second principal reason
for infantile diarrhea behind RV.” Rapid and accurate diagnosis of AGE
in early stage is of great importance for the treatment of AGE. Hence,
a rapid and accurate diagnostic method for AGE is urgently required.
Several techniques can be used to detect these two viruses, includ-
ing scanning electron microscopy, polyacrylamide gel electrophoresis
(PAGE), antigen detection assays, quantitative reverse transcription
polymerase chain reaction (RT-qPCR), enzyme-linked immunoassay
technology (ELISA), and virus isolation. However, it was previously
noted that due complex operation, expensive equipment, etc, both
scanning electron microscopy and PAGE are not highly appropriate
to be used in the clinical practice. Moreover, the culture may lead to
false-negative results when fastidious or slowly growing viruses are in-
volved.'*® At present, antigen detection assays and RT-qPCR are the
two most common detective methods worldwide.

In the present study, we utilized a commercial latex agglutination
test kit, which is extensively used in numerous institutions across
China. In clinical practice, RT-gPCR is taken as a main method for de-
tection of RV and AdV; however, it is extremely costly, making it inap-
propriate for early diagnosis. Hence, in the current research, RT-gPCR
was used as the gold standard to assess the capacity of the commercial
LAT method for rapid detection of RV and AdV in outpatient children.

2 | PATIENTS AND METHODS
2.1 | Patients' selection

From September 2018 to March 2019, we selected patients who
were admitted to the Children's Hospital of Zhejiang University,
School of Medicine (Hangzhou, China), and met the following cri-
teria: (a) children who aged <5 years old; (b) primary diagnosis of
acute diarrhea with suspected virus infections; and (c) stool samples
were simultaneously tested by latex agglutination test and RT-gPCR
during the study period. The design of this prospective study and
the methods used were approved by the Ethics Committee of the
Children's Hospital of Zhejiang University, School of Medicine.

2.2 | RT-gPCR for detection of rotavirus A and
human adenovirus

Stool samples were collected and mixed with 1 mL normal saline.
Then, 200 pL supernatant was separated from the mixture, which was
centrifuged at 400 g at 20°C for 30 seconds, and DNA/RNA was ex-
tracted by NAE32 nucleic acid automatic extraction kit (DAAN Gene

Co., Ltd.). The detection of rotavirus A and adenovirus was performed
by SLAN 96P real-time PCR System (HONGSHI Co., Ltd.) with a total
volume of 25 pL. For each assay, negative and positive controls were
implemented. FAM channel was used to detect rotavirus A, and HEX
channel was employed to detect adenovirus. The amplification of RT-
gPCR products was conducted under the following conditions: for
20 minutes at 50°C; for 5 minutes at 95°C; five cycles for 10 seconds
at 95°C, for 15 seconds at 55°C, and for 30 seconds at 72°C; and fol-
lowed by 35 cycles for 10 seconds at 95°C and for 45 seconds at 60°C.

2.3 | Latex agglutination test for detection of
rotavirus A and human adenovirus

Latex agglutination test kit (Abon Biopharm Co., Ltd.) was used,
which was approved by Food and Drug Administration (FDA) of
China (Approval No. 20153402309). About 50 mg of stool samples
was mixed with 1 mL sample extraction reagent. The well plate was
composed of four major parts: (a) sample well plate; (b) control line;
(c) rotavirus test line; and (d) adenovirus test line. Two drops (about
80 plL) of the mixture were also added into a sample well plate for
10-20 minutes. If control line and test line (rotavirus) were both ob-
served blue, the sample was determined as rotavirus positive. While
control line was observed blue and test line (adenovirus) was ob-

served red, the sample was determined as adenovirus positive.

2.4 | Statistical analysis

The main purpose of the present study was to assess the sensitiv-
ity and specificity of the latex agglutination test compared with RT-
gPCR, which was considered as a standard method. The results were
analyzed by using SPSS 20.0 software. The kappa test and Student's
t test were used to determine statistical significance. P < .05 was
considered statistically significant. The kappa (k) value between 0.61
and 0.8 represented good agreement and between 0.81 and 1 re-
flected very good agreement.}+1°

3 | RESULTS

To investigate the performance of commercial latex agglutination test
kit, a total of 214 samples were collected in this study. As shown in
Table 1, 58 (58/214, 27.10%) samples were detected positive for RV by

TABLE 1 Comparing results of the latex agglutination test (LAT)
with RT-qgPCR method for detection of RV

Real-time PCR method

LAT assay Positive Negative Total
Positive 47 4 51
Negative 11 152 163
Total 58 156 214
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the RT-gPCR method, and 51 (51/214, 23.83%) samples were identi-
fied positive by the latex agglutination test. Among the samples, 47
(47/214, 21.96%) and 4 (4/214, 1.87%) samples were defined as true
positive and false positive, respectively. In addition, 156 (156/214,
72.90%) samples were tested negative for RV by RT-qPCR, and 163
(163/214, 76.17%) samples were found negative by latex agglutina-
tion test. Similarly, 152 (152/214, 71.03%) and 11 (11/214, 5.14%)
samples were considered as true negative and false negative, respec-
tively. According to statistical data, there was no remarkable difference
between the two assays (P = .118, ;(2 = 2.4). Meanwhile, a very good
agreement was observed between the two methods (k value = 0.816).
Considering RT-gPCR as the gold standard, the sensitivity and specific-
ity of the latex agglutination test were 81.03% and 97.44%, respec-
tively. The positive prediction value and negative prediction value of
the commercial assay were 92.16% and 93.25%, respectively.

As shown in Table 2, 59 (59/214, 27.57%) samples were de-
tected positive for AdV by RT-gPCR method, and 54 (54/214,
25.23%) samples were identified positive by the latex agglutina-
tion test assay. Among the samples, 45 (45/214, 21.03%) samples
were defined as true positive, and 9 (9/214, 4.21%) were de-
fined as false positive. Additionally, 155 (155/214, 72.43%) sam-
ples were found negative for AdV by RT-gPCR method, and 160
(160/214, 74.77%) samples were detected negative by latex ag-
glutination test. Similarly, 146 (146/214, 68.22%) and 14 (14/214,
6.54%) samples were considered as true negative and false nega-
tive, respectively. There was no statistical significant difference
between the two assays (P = .405, )(2 = 0.696). A good agreement
was also noted between these two methods for detecting AdV (k
value = 0.724). Considering RT-qPCR as the gold standard, the sen-
sitivity and specificity of the latex agglutination test were 76.27%
and 94.19%, respectively. The positive prediction value and neg-
ative prediction value of the commercial assay were 83.33% and
91.25%, respectively.

4 | DISCUSSION

Diarrhea is a common and frequent disease in infants and young
children,*® and its incidence rate ranks the second to the upper
respiratory tract infection. Recently, due to improved hygienic
conditions and the widespread use of antibiotics, the incidence
of diarrhea caused by bacterial has dropped. However, the mor-
bidity of diarrhea caused by virus has increased, and the most
common viruses were RV and AdV. A rapid antigen test is helpful

TABLE 2 Comparing results of latex agglutination test (LAT)
with RT-qPCR method for detection of AdV

Real-time PCR method

LAT assay Positive Negative Total
Positive 45 9 54
Negative 14 146 160
Total 59 155 214

for screening the RV and AdV; however, the values of sensitivity
of different methods are quite different. In the present study, a
commercial kit was tested, which is widely engaged in more than
200 hospitals in China. The mentioned kit is highly convenient
for operating without instrument. Compared with RT-qPCR, the
turnaround time (TAT) of LAT assay was found to be shorter. When
samples were collected, RT-qPCR method takes about 3 hours to
finish, while the LAT assay only requires about 15-20 minutes.
Although Alere i assay (Isothermal amplification of nucleic acid)
can provide results within 30 minutes, this technology is now
mainly used for respiratory virus detection, such as influenza A
virus, influenza B virus, respiratory syncytial virus, and it has not
been used for rotavirus and adenovirus detection.}” Moreover,
this method has not been applied in China.

Furthermore, the LAT assay for detection of RV and AdV is
a lower cost method (about 9 dollars per test), while RT-gPCR is
relatively costly (about 23 dollars per test). Because of rapid de-
tection and low cost, it is appropriate for detection of AdV and RV
in outpatients. However, RT-qPCR is suitable for detecting RV and
AdV in inpatients. In this study, if results of LAT assay were in-
consistent with RT-qPCR, we confirmed as false positives or false
negatives.

According to a previous study, virus is further prevalent in autumn
and winter seasons, because viruses may be more stable at a low tem-
perature.18 In the present study, we successfully enrolled 214 patients
who were admitted to our hospital in the aforementioned seasons. Our
data showed that positive rates of RV were 23.83% and 27.10% for
latex agglutination test and RT-qPCR, respectively. Moreover, the pos-
itive rates of AdV were 25.23% and 27.57% for latex agglutination test
and RT-qPCR, respectively. Both of the positive rates were relatively
remarkable, while previous studies reported different prevalence
rates.}”?! The results of the current research indicated that there was
no significant difference (P > .05) between the latex agglutination test
and RT-gPCR in the detection of RV and AdV. Meanwhile, it was noted
that there was a good agreement in detection of RV and AdV between
these two methods. To evaluate the performance of the commercial
LAT assay kit, we used RT-gPCR as the gold standard. The findings
unveiled sensitivity and specificity of RV were 81.03% and 97.44%,
respectively. Cevenini et al?? reported that the sensitivity of LAT for
detecting RV outperformed immunofluorescence, while the specificity
was lower than other three methods, such as scanning electron micros-
copy, immunofluorescence, and ELISA. Another study demonstrated a
sensitivity of 85.9% and a specificity of 97.7% for detecting RVA.% The
findings of our present research disclosed that the sensitivity and the
specificity for detecting AdV were 76.27% and 94.19%, respectively.
Although the current study showed that there was no significant dif-
ference between the two assays, 11 RV samples and 14 AdV samples
were positive for RT-gPCR and negative for LAT. This may due to low
sensitivity of LAT while cycle threshold (Ct) value of these samples was
above 30 by RT-qPCR. We also found 4 RV samples and 9 AdV samples
were negative for RT-gPCR and positive for LAT. These results may
be considered as false positive which indicated the specificity of LAT

assay was not high enough. The RT-gPCR may be further appropriate
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for confirming the viruses, while LAT is highly recommended for
screening. This research was a case-control study, and the coincidence
rate of the positive rate between the two assays was slightly more
than daily monitoring. In the next study, we will expand the sample
size to find out differences between the two methods. Moreover, we
found that there were two cross-reactional samples, indicating that the
test line of RV was red and the test line of AdV was blue. There were
several reasons can cause cross-reaction, but the most probably rea-
son may be the fecal samples with too much blood, which was caused
by multiple bowel movements. In clinical practice, special attention is

needed for these cases.

5 | CONCLUSIONS

The proposed commercial latex agglutination test is a low-cost
screening method for identification of rotavirus and adenovirus with
a middle level of sensitivity and specificity. However, the mentioned
method is not highly appropriate for accurate diagnosis of rotavirus
and adenovirus in hospitalized children. In the future study, we will
further evaluate fast diagnostic methods with consideration of lager

sample size.
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