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During advanced HIV infection, Human Cytomegalovirus (HCMV) has been proven to produce 
devitalizing end‑organ diseases (EOD). The interactive co‑existence of HIV and HCMV has been 
reported by many researchers and has been suggested to be linked with a more aggressive disease 
state. This study has been designed to bring forward an assessment of the clinical risk factors 
capable of defining the conditions of HCMV induced retinitis and gastro‑enteric diseases among 
HIV1 seropositive patients. We also intended to analyse the phylogenetic variation if any, among 
the infecting virus types inducing the two separate clinical conditions. The patients were arranged in 
three different groups; (Group 1 with 26 individuals and group 2 and group 3 with 25 individuals each) 
based on their current status of HIV and HCMV infections. Serum ELISA, qualitative and quantitative 
detection of HCMV DNA, Real time mRNA expression study, sequencing, and phylogenetic analysis 
were performed. All statistical analyses and graphs were exercised using relevant software. We 
found that in HIV patients with HCMV induced end‑organ diseases the components of the CXCL9, 
10, 11‑CXCR3 chemokine pathway is highly expressed with significant differences existing among 
patients with retinitis and gastrointestinal disease. We found that the gL gene sequences from the 
retinitis (HR) group clustered almost separately from that of the gastroenteritis (HG) group in the 
phylogenetic tree. It may be suggested that a form of natural selection pressure is working on the 
clinical HCMV strains creating a slight divergence in their phylogenetic lineage thereby helping them 
adapt to the particular tissue microenvironment they are colonizing.
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During advanced HIV infection, Human Cytomegalovirus (HCMV) has been proven to produce devitalizing 
end-organ diseases (EOD) that includes retinitis, gastrointestinal complications, pneumonitis etc.1,2. HCMV 
mediated retinitis is the most common cause of vision loss in patients with acquired immunodeficiency syndrome 
(AIDS)3. The gastrointestinal (GI) tract is the second most common site of HCMV  infection4. The interactive 
co-existence of HIV and HCMV has been reported by many researchers and has been suggested to be linked 
with a more aggressive disease  state5. HIV infection causes a rapid shut down of the host’s immune system 
inducing a state of immunosuppression which thereafter facilitates the infection by opportunist herpes viruses 
like  HCMV6. HCMV on the other hand promotes HIV pathogenicity, either by post-transcriptional activation 
of the HIV proviral DNA, or by stimulating production of inflammatory cytokines which activates the HIV 
virulent  genes7. Thus, in a simple sense HCMV acts as a positive cofactor for HIV, resulting in the production of 
a higher number of HIV viral copies and a more rapid progression to Acquired Immuno-Deficiency Syndrome 
(AIDS)8. It has been reported that in patients with untreated HIV infection, the pro-inflammatory cytokines 
IL6, TNFα and IL1β arbitrates a systemic acute-phase response to the infection which orchestrates as a series 
of cascading events governed by the blood monocytes and macrophages leading to the attraction of different 
innate immune cells at the site of the infection and increased expression of C-reactive  protein9,10. In specific 
cases anti-inflammatory cytokines like interleukin-10 (IL-10), IL-4, and transforming growth factor β (TGF-
β) are also produced during HIV  infection11. These cytokines specifically inhibits the inflammatory responses 
bouight about by the action of the pro-inflammatory  cytokines12. Besides cytokines, certain chemokines and 
their receptors are also involved in HIV-HCMV  pathogenesis13. Studies have shown that CD8+ T lymphocytes 
produce many potent HIV-suppressive chemokines like MIP-1 alpha, MIP-1 beta etc. which are involved in the 
control of human immunodeficiency virus (HIV) infection in vivo14. In contrast, monocyte chemoattractant 
protein (MCP)-1 has been observed to up-regulate HIV replication in cultures of CD8- depleted peripheral blood 
mononuclear cells of HIV-infected  patients15. The CXCL9, -10, -11/CXCR3 chemokine axis has been another 
major focus of research in this area, since it regulates the differentiation of naive T cells to T helper 1 (Th1) cells 
and leads to regulation and migration of immune cells to their focal  sites16. A lot of researchers have put in effort 
to elucidate the role of this chemokine axis in the context of the HIV  infection17. For example, a study has shown 
that IP10 (CXCL10) produced by Th1 cells significantly stimulates HIV-1 replication in naïve  patients18 whereas 
another study has shown that high CXCL10 plasma levels during early infection can be considered as predictive 
marker of rapid progression to  AIDS19.

A hallmark of HCMV infection is dissemination to a wide range of host tissue compartments and cell types 
supporting productive viral  infection20. Studies from different sources have shown that HCMV is capable 
of exhibiting significant interhost variability as well as intrahost diversity (genetic diversity within a single 
individual) during  infection21. Mixed infections (Infections with HCMV of diverse genetic variations) accounted 
for roughly one half of the total HCMV infections among congenitally infected infants and people with HIV/
AIDS. Due to the high levels of genotypic diversity in the virus infecting different tissue sites, researchers have 
tried to understand whether this diversity is a result of a short term spatiotemporal evolution linked to the 
selection pressure associated with the host tissue  environment22. Tantalizing evidences has indicated that this 
intrahost genetic diversity of HCMV helps the virus to differentially adapt in a particular setting by modulating 
the physiological and immunological microenvironment and largely contributes to the etiology, progression and 
severity of the  disease23. Most interhost and intrahost genetic diversity data is based on the analysis of HCMV 
glycoprotein genes as these regions have been found to show significant  variability24.

This study has been designed to bring forward a comparative assessment of the haematological and 
immunological parameters associated with the clinical conditions of HCMV induced retinitis and gastroenteric 
disease among HIV1 seropositive patients for optimal diagnosis and treatment. By analysing the pattern in the 
expression of these parameters we will be able to formulate a more advanced defining criterion for monitoring 
cases of HCMV EODs in AIDS patients thereby generating a therapeutic advantage. Furthermore suitable effort 
has been put forward to understand the role of specific immunological pathways in the same context. Another 
critical aspect which we intended to decipher was to investigate whether the HCMV strains infecting the two 
separate tissue compartments (Retina and gastrointestinal tract) were genetically diverse or not. A positive 
outcome will provide an experimental support to the long standing hypothesis that the virus infecting at different 
tissue sites undergo differential genetic evolution to adapt to its surroundings. We chose the HCMV glycoprotein 
gene, gL (UL115) a major protein involved in the attachment and entry of the virus, for the phylogenetic analysis.

Results
Distinctive profiling of HIV1 seropositive patients with HCMV associated end organ diseases 
(Group 1 patients) based on different baseline parameters. Patient’s comparative profile based 
on demographic and haematological parameters. Out of all the parameters tested only mean CD4+ T cell 
count, mean concentration of neutrophils and mean haematocrit values showed significant variations among 
both group 2 (N = 25) and group 3 (N = 25) patients with respect to group 1 (N = 26). All these factors, were 
significantly lower in case of group 1 patients (HIV1 seropositive with HCMV induced end organ diseases), 
compared to group 2 (HIV1 and HCMV co-infected without end organ diseases) and group 3 (HIV1 infected 
without HCMV infection) patients. In all the cases the highest corresponding values were observed in group 3 
patients, whereas group 2 patients presented a significantly reduced value compared to group 3. The HCMV viral 
load was significantly higher in case of group 1 patients when compared to the group 2 patients whereas the HIV 
viral load was almost similar among both the groups but significantly higher compared to the group 3 patients. 
The detailed comparative analysis has been provided in Table 1.
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Patient’s comparative profile for serum immunological markers. To test the variable expression pattern of some 
selective pro and anti-inflammatory cytokines as well as some significant chemokines we performed ELISA 
using the serum samples of patients belonging to the three distinctive groups. Among all the immunological 
markers tested, only TGFβ, TNFα, IL1β, IFNγ and CXCL10 presented statistically significant variations among 
both group 2 and group 3 with respect to the group 1. They were thus selected as critical markers for defining 
HCMV induced end organ diseases in HIV seropositive patients. Mean concentrations of all of these critical 
markers were found to be significantly elevated in case of group 1 patients compared to the other two groups. In 
patients with active HCMV infection, i.e. group 1 and group 2, the mean concentrations of CRP, IL6, IL10 and 
MCP1 were found to be quite similar but significantly varied from group 3 patients. There was no variation in 
the mean concentration of MIP1α and IL7 among the patient groups. Detailed comparative analyses for each 
group have been provided in Table 2.

Comparative profiling of group 1 patients with HCMV induced end organ retinitis and end 
organ gastro‑enteric diseases. To test whether these selected significant markers (Four haematological 
and Five inflammatory) can help us to distinctively differentiate between the group1 patients with either HCMV 
induced end organ retinitis or end organ gastro-enteric diseases, a univariate binary logistic regression was 
performed with the selected markers. 26 patients from group 1 with either end organ retinitis (N = 15) or end 

Table 1.  A comparative analysis of the demographic and hematological parameters of the patients measured 
at the time of admission, differentiating Group 1 (N = 26) from Group 2 (N = 25) and Group 3 (N = 25). 
Mean ± SD values were calculated and one way ANOVA was performed using Bonferroni method (Post-hoc 
analysis) for comparing the mean values of each group with respect to that of Group 1.

Parameters Groups Mean ± SD Significance 95% CI

Age (years)

Group 1 39.92 ± 10.2 Constant Constant

Group 2 40.93 ± 8.85 1.00 − 10.75 to 8.75

Group 3 40.2 ± 11.16 1.00 − 9.95 to 9.55

BMI

Group 1 19.57 ± 1.6 Constant Constant

Group 2 20.08 ± 1.52 1.00 − 2.35 to 1.35

Group 3 21.68 ± 2.64 0.02 − 3.94 to − 0.0265

Hemoglobin (g/dL)

Group 1 7.33 ± 0.96 Constant Constant

Group 2 7.71 ± 1.06 1.00 − 1.53 to 0.78

Group 3 8.84 ± 1.65 0.007 − 2.66 to − 0.35

Total WBC (×  109/L)

Group 1 3.61 ± 0.93 Constant Constant

Group 2 3.85 ± 0.49 1.00 − 1.257 to 0.774

Group 3 4.04 ± 1.56 0.91 − 1.45 to 0.592

CD4+ T cell count (/mm3)

Group 1 62.15 ± 20.24 Constant Constant

Group 2 170.9 ± 63.14 0.00 − 148.67 to − 68.83

Group 3 346.2 ± 45.77 0.00 − 323.9 to − 244.13

Neutrophil (×109/L)

Group 1 0.49 ± 0.24 Constant Constant

Group 2 0.72 ± 0.21 0.032 − 0.44 to − 0.015

Group 3 0.94 ± 0.18 0.00 − 0.656 to − 0.231

Monocytes (×109/L)

Group 1 1.68 ± 0.57 Constant Constant

Group 2 1.58 ± 0.41 1.00 − 0.392 to 0.585

Group 3 1.33 ± 0.41 0.246 − 0.14 to 0.837

Platelets (×109/L)

Group 1 76.9 ± 18 Constant Constant

Group 2 88.8 ± 5.69 0.132 − 26.25 to 2.407

Group 3 96.3 ± 10.9 0.005 − 33.71 to − 5.16

Hematocrit (%)

Group 1 18.52 ± 3.57 Constant Constant

Group 2 38.22 ± 6.44 0.01 − 24.32 to − 15.06

Group 3 51.1 ± 4.98 0.00 − 37.2 to − 27.94

Erythrocyte sedimentation rate (mm/h)

Group 1 97 ± 17.32 Constant Constant

Group 2 95.14 ± 8.98 1.00 − 11.74 to 15.46

Group 3 90.53 ± 9.57 0.721 − 7.132 to 20.07

HIV viral load (×103 copies/mL)

Group 1 327.9 ± 155.8 Constant Constant

Group 2 318.44 ± 123.8 1.00 − 114.7 to 133.6

Group 3 78.9 ± 24.45 0.00 124.7 to 373.1

HCMV viral load (×103 copies/mL)

Group 1 116.84 ± 51.62 Constant Constant

Group 2 35.18 ± 7.16 0.00 45.56 to 117.7

Group 3 – – –
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organ gastro-enteric disease (N = 11) were chosen as the target population for analysis. The analysis revealed that 
out of all the selected parameters tested; five parameters, HCMV viral load, TGFβ, TNFα, IL1β and CXCL10 
could only significantly predict the prevalence of HCMV induced end organ retinitis among group 1 patients. 
The mean concentrations for HCMV viral load, TNFα and IL1β were significantly reduced in case of patients 
with end organ retinitis (HR), whereas the mean concentrations of TGFβ and CXCL10 were significantly higher 
in case of patients with retinitis. A detailed analysis has been provided in Table 3.

Determination of cut‑off values for significant parameters in predicting HCMV induced end 
organ retinitis. Receiver-operating characteristic (ROC) curves of the selected models were derived for 
all the chosen critical biomarkers. The curves were used to evaluate the individual cut-off values prioritizing 
both highest sensitivity and specificity. Of the 5 predictive biomarkers, namely HCMV viral load, TGFβ, TNFα, 
IL1β and CXCL10 associated with HCMV induced end organ retinitis or gastro enteric disease in univariate 
models, only TGFβ and CXCL10 (IP10) demonstrated best accuracy as single biomarkers (AUC 0.900 [95% CI 
0.766–1.00] and AUC 0.865 [95% CI 0.707–1.00] respectively). None of the other factors showed good predictive 
powers for determination. Receiver operating characteristic (ROC) curve for HCMV viral load was found to 
have a moderate predictive accuracy (AUC 0.750 [95% CI 0.532–0.968]). The ROC curves have been shown in 
Fig. 1.

Table 2.  A comparative analysis of the different immunological parameters of the patients measured at the 
time of admission, differentiating Group 1 (N = 26) from Group 2 (N = 25) and Group 3 (N = 25). Mean ± SD 
values were calculated and one way ANOVA was performed using Bonferroni method (Post-hoc analysis) for 
comparing the mean values of each group with respect to that of Group 1.

Parameters Groups Mean ± SD Significance 95% CI

TGFβ (pg/mL)

Group 1 250.32 + 55.9 Constant Constant

Group 2 187.98 + 16.15 0.001 21.96 to 102.73

Group 3 121.83 + 15.79 0.001 88.11 to 168.87

IL10 (pg/mL)

Group 1 27.12 + 4.95 Constant Constant

Group 2 29.03 + 5.98 1.00 − 7.59 to 3.77

Group 3 35.86 + 7.3 0.001 − 14.43 to − 3.05

IL7 (pg/mL)

Group 1 180.12 ± 23.54 Constant Constant

Group 2 190.9 ± 10.38 0.62 − 31.73 to 10.17

Group 3 184.5 ± 25.22 1.00 − 25.36 to 16.54

IFNγ (pg/mL)

Group 1 23.57 ± 6.83 Constant Constant

Group 2 17.84 ± 2.25 0.04 0.204 to 11.26

Group 3 14.5 ± 5.42 0.001 3.54 to 14.59

TNFα (pg/mL)

Group 1 127.25 + 26.13 Constant Constant

Group 2 96.21 ± 7.92 0.001 11.602 to 50.48

Group 3 40.79 ± 11.92 0.002 67.02 to 105.9

IL6 (pg/mL)

Group 1 32.6 ± 8.04 Constant Constant

Group 2 37.6 ± 7.17 0.272 − 12.81 to 2.32

Group 3 30.05 ± 7.84 1.000 − 5.2 to 9.92

IL1β (pg/mL)

Group 1 123.98 + 38.72 Constant Constant

Group 2 91.64 + 7.3 0.016 4.86 to 59.87

Group 3 45.72 + 9.07 0.001 50.75 to 105.7

CRP (mg/L)

Group 1 19.04 + 2.69 Constant Constant

Group 2 18.09 + 2.4 1.00 − 1.64 to 3.55

Group 3 7.96 + 2.25 0.001 8.48 to 13.68

MCP1 (pg/mL)

Group 1 611.33 + 56.1 Constant Constant

Group 2 603.28 + 41.23 1.00 − 45.46 to 61.56

Group 3 472.55 + 64.23 0.001 85.25 to 192.28

MIP1α (pg/mL)

Group 1 39.05 + 9.49 Constant Constant

Group 2 37.64 ± 12.73 1.00 − 8.25 to 11.07

Group 3 37.11 ± 7.37 1.00 − 7.72 to 11.6

CXCL10 (pg/mL)

Group 1 884.3 ± 58.8 Constant Constant

Group 2 569.9 ± 55.7 0.001 263.7 to 364.8

Group 3 403.15 ± 26.6 0.001 430.6 to 531.6
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Differential mRNA expression of immunological markers in patients with HCMV induced end 
organ diseases compared to the other groups. As implicated by the ELISA results the quantitative 
real time study also showed that the relative mRNA expression ratio for IFNγ was significantly elevated in case 
of the group 1 (HIV1 seropositive with HCMV induced end organ retinitis or gastroenteric diseases) patients 
than that of the group 2 (HIV1 and HCMV co-infected without end organ diseases) patients. Group 3 (HIV1 
infected without HCMV infection) was chosen as the control group and relative expression of group 1 and 
group 2 was calculated with respect to this group. Among the members of the CXCL family, the relative mRNA 
expression of CXCL9, CXCL10, CXCL11 and CXCR3 was found to be significantly higher among the group 1 
patients than that of the group 2 patients with respect to the control group. There was almost negligible or very 
little change in the expression pattern of these markers in group 2 patients when compared to the control group 
(Group3). The expression pattern for CXCR4 and CXCR5 showed no change among the groups 1 and 2 and also 
in comparison to the control. Thus the results indicated towards a possible activation of the CXCR3–CXCL9, 
10, 11 axes in the group 1 patients. Our hypothesis was strengthened by the fact that both IL4 and STAT1 (Both 
downstream effectors of the CXCR3-CXCL axis) were also significantly overexpressed in case of the group 1 
patients. The macrophage derived chemokine CCL22 showed no significant difference in its expression pattern 
between group 1 and group 2 patients but its expression was elevated in both cases when compared to the control 
group. The mRNA relative expression ratio for IL6 and IL18 showed almost no variation among the two groups 
relative to the control group. Figure 2 provides a clear representation of our findings and the detailed statistical 
analysis has been provided in the Supplementary Table 2.

Comparative differential activation of CXCL9, 10, 11‑CXCR3 axis in group 1 patients with 
either HCMV associated end organ retinitis or gastro‑enteric diseases. To validate whether the 
CXCR3-CXCL 9, 10, 11 axis is over-expressed similarly in case of retinitis (HR) and gastro-enteric (HG) patients 
belonging to group 1, we compared the relative mRNA expression of some of the components of the CXCL9, 
10, 11-CXCR3 axis along with some downstream effectors. The relative expression of CXCR3 was almost similar 
among both HR and HG groups, compared to control. The expression of CXCL9 and CXCL 10 was significantly 
higher in case of HR patients than HG patients, whereas that of CXCL11 was significantly higher in case of the 

Table 3.  Binary logistic regression analysis of the selected significant heamatological and immunological 
factors to ascertain their role while significantly comparing between HCMV induced Retinitis (HR; N = 15) 
and HCMV induced Gastroenteric disease (HG; N = 11) cases among HIV infected Group 1 patients.

Parameters Mean ± SD Significance Beta coefficient

95% CI

Lower Upper

CD4+ T-cell count

HR 52.3 ± 16.4
0.052 1.069 1.00 1.143

HG 72 ± 19.48

Neutrophil

HR 0.51 ± 0.22
0.746 0.535 0.012 23.406

HG 0.48 ± 0.27

Hematocrit

HR 17.95 ± 4.17
0.465 1.102 0.85 1.43

HG 19.1 ± 2.95

HCMV viral load

HR 92.98 ± 44.5
0.035 1.025 0.998 1.053

HG 140.7 ± 48.8

TGFβ (Pg/mL)

HR 288.65 ± 35.31
0.016 0.957 0.924 0.992

HG 212 ± 45.66

TNFα (Pg/mL)

HR 102.96 ± 7.63
0.033 1.652 0.886 1.642

HG 151.55 ± 8.47

IL1β (Pg/mL)

HR 95.43 ± 11.46
0.022 1.207 0.987 1.475

HG 152.53 ± 34.9

CXCL10 (Pg/mL)

HR 922.53 ± 47.9
0.02 0.963 0.933 0.994

HG 844.02 ± 41.96

IFNγ (Pg/mL)

HR 25.28 ± 7.41
0.266 0.921 0.798 1.064

HG 21.96 ± 6.09
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HG patients. There was no significant difference in the expression pattern of IL10 and CC chemokine receptor 
5 (CCR5) among both the groups compared to the control group (Group 3). STAT1 and STAT4 were significantly 
overexpressed among the HR group in comparison to the HG group whereas the expression of STAT3 was 
significantly higher in case of the HG group. Thus from our observations it can be predicted that in case of 
the HR group, CXCL9 and CXCL10 are more predominantly expressed, and they furthermore exhibit their 
downstream action via the STAT1 and STAT4 molecules. In case of the HG group CXCL 11 is the predominant 
ligand that binds with CXCR3 and exhibits its response via STAT3. The relative expression of IFNγ and IFNα 
(Both inducers of CXCL 9 and CXCL10) were elevated in case of patients with retinitis. The relative expression 
of the Interferon Regulatory Factor 3 (IRF3) was also found to be significantly elevated in case of the patients 
in the HR group. Figure 3 provides a clear representation of our findings and the detailed statistical analysis has 
been provided in the Supplementary Table 3.

Phylogenetic analysis of HCMV gL gene sequences from clinically isolated samples. The 
phylogenetic analysis utilizing maximum likelihood method of the partial gL gene sequences from twenty 
two (22) clinically obtained Group 1 patients {11 with retinitis (gLHR) and 11 with gastrointestinal diseases 
(gLHG)} and twelve reference NCBI HCMV strains generated a unique tree with most of the gLHR and gLHG 
gene sequences from the clinical samples being clustered separately. Nine out of the twelve standard gL gene 
sequences clustered separately with only one clinically isolated sequence, gLHG02-MT263164 remaining in the 
cluster. The remaining three reference strains, AF530176.1, NC006273.2 and AF530165.1 were found to cluster 
together with nine clinically isolated gLHR sequences, having a nearest common ancestor in the phylogenetic 
tree. The remaining two gLHR sequences, gLHR04MT-263155 and gLHR02MT-263153 clustered together with 
the remaining ten gLHG sequences. The detailed phylogenetic analysis has been provided in Fig. 4.

Sequence and structure‑based analysis to explain the distinct phylogenetic pattern of clinical 
gL gene sequences. To support our findings relevant to the distinctive phylogenetic patterns observed 
in case of the clinical gL gene sequences belonging to the HR (Retinitis) and HG (Gastro-enteric Disease) 
groups within group1, we performed some analyses to ascertain their effective number of codons (ENc), codon 
adaptation index (CAI) and mRNA structure conservation. The ENc values of clinical gL genes for HR (mean 
42.956 ± 4.51) and HG (mean 53.615 ± 2.47) groups were much different and both were significantly higher than 
the ENc value of the gL genes from the reference HCMV strains (mean 37.835 ± 4.25). Our results indicated that 
there exists a significant difference in the codon usage bias among the two groups and the ENc value for the HR 
group was more closely related to that of the reference strains. ANOVA test showed that there was a significant 
difference between the HR and HG sub-groups (P ≤ 0.001). The influence of natural selection on the gL genes 
was inferred through CAI analysis, which also demonstrated the adaptation of viral genes to their hosts. The 

Figure 1.  Receiver operating curves (ROC) for identifying the significant biomarkers defining HCMV induced 
retinitis associated with best predictive accuracy (area under the curve > 0.8).
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mean ± SD values for CAI of clinically isolated gL genes were 0.673 ± 0.071 and 0.769 ± 0.054 respectively for 
the HR and HG groups respectively. The mean ± SD value for CAI of the reference gL gene was 0.638 ± 0.082. 
The mean values of the CAI differed significantly among the two groups with that of the HR group more closely 
related to the CAI of the reference group suggesting a closer phylogenetic relationship. The sequences of viral 
genes with higher CAIs are considered to be evolutionary more preferable over those with lower CAIs and hence 
more adaptable to their hosts.

Viral mRNA structure in protein-coding genes plays a significant role in the regulatory process and could 
determine the efficient translation of viral proteins within the host  system25. Therefore, to understand if there 
exists any structural variation in the gL mRNA among the HR and HG clinical groups, we have analyzed the 
conserved local structures between the two groups. Interestingly, we observed that the average mRNA folding 
energy of gL sequence for reference strains is − 198.81 kcal/mol, while the HR group is − 198.36 kcal/mol, HG 
group is − 195.58 kcal/mol. Although the mRNA folding energy of the HR group is similar to the reference strains, 
the folding energy of the HG group is significantly less than the HR group. It has been reported that weaker 
folding in viral mRNA structure could promote the faster translation of viral protein in the host  system25,26. 
Therefore, this could indicate that the weak folding energy of the gL gene in the HG group could favor distinct 
patterns of protein synthesis in the gastroenteritis (HG) group.

To understand if there exists any structural variation in the gL mRNA among the HR and HG clinical 
groups we have analyzed the conserved local structures between the two groups with respect to gL. We were 
able to decipher some significant structural variations in the gL mRNAs between the two groups, HG and HR. 
The consensus gL mRNA structures for two groups has been depicted in Fig. 5A,B respectively while their 
corresponding structural alignments has been provided in Supplementary Figs. 1 and 2, respectively.

Figure 2.  Differential mRNA expression of some selected chemokines and cytokines from patients belonging 
to the two different groups (N = 15). Their relative mRNA expression ratio with respect to group 3 control group 
(Baseline expression) in terms of fold change  (2−ΔΔCt) were estimated by quantitative real time PCR. GAPDH 
mRNA served as internal control (+ 1 value in Y axis was considered to be the baseline of control, with values 
greater than 1 suggesting positive fold change and values below 1 upto 0 as negative fold change.
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Discussion
In this study we have analysed a large number of haematological and immunological markers, and were able to 
specify only two immunological markers TGFβ and CXCL10 with exact cut off scores capable of distinguishing 
between HIV seropositive patient groups with HCMV induced retinitis and gastroenteric diseases. We have 
identified that in HIV patients with HCMV induced end organ diseases the components of the CXCL 9, 10, 
11-CXCR3 chemokine pathway is highly expressed with significant differences among patients with retinitis and 
gastroenteric disease. When mRNA expression pattern was compared between the two groups it showed that the 
expression of CXCL9 and CXCL10 was significantly higher in case of retinitis patients whereas that of CXCL11 
was higher in case of the patients with gastro-enteric disease. All of these three chemokines utilizes CXCR3 as 
their receptor and hence the expression of CXCR3 was elevated in both the groups. Our study therefore suggests 
that in HIV patients with a low CD4+ T cell count, a HCMV co-infection generates an aggravated IFNγ response 
which thereby leads to the activation of the CXCL9/10/11-CXCR3 chemokine axis. Activation of this chemokine 
pathway further promotes an acute immune response and inflammation via the Stat proteins; Stat1 and Stat3 
in case of the patients with retinitis and Stat4 in case of the patients with gastroenteritis which aggravates the 
severity of the disease.

Next we wanted to find out whether there exists any phylogenetic variation among the clinical strains causing 
either retinitis (HR) or gastroenteritis (HG) in the HIV1 seropositive patients. HCMV has already been reported 
to show major phylogenetic variations among strains infecting different tissue types and for adapting to different 
physiological and immunological micro-environments27. We chose the gene for HCMV glycoprotein L (gL) for 
this phylogenetic comparison as it is a major envelope glycoprotein that participates in the interaction of the 
virus with the cell surface markers and also promotes virus-cell  fusion28. The glycoprotein complexes gH/gL/gO 
and gH/gL/UL128/UL130/UL131A (Pentamer) are key targets of the human humoral response against HCMV 

Figure 3.  Differential mRNA expression of CXCR3-CXCL axis components from patients belonging to group 
1 with either HCMV induced end organ retinitis (HR) or gastro-enteritis (HG) (N = 11). Their relative mRNA 
expression ratio with respect to group 3 control group (Baseline expression) in terms of fold change  (2−ΔΔCt) 
were estimated by quantitative real time PCR. GAPDH mRNA served as internal control (+ 1 was considered to 
be the baseline of control, with values greater than 1 suggesting positive fold change and values below 1 upto 0 
as negative fold change).
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Figure 4.  Phylogenetic analysis of the partially sequenced HCMV gL genes from 22 clinical samples belonging 
to group 1 (11 HR and 11 HG samples) along with 12 standard reference gL gene sequences selected from NCBI 
database.

Figure 5.  (A) Structural classification of the conserved consensus gL mRNA local structures belonging 
to the clinical group with HCMV induced end organ retinitis (HR). (B) Structural classification of the 
conserved consensus gL mRNA local structure belonging to the clinical group with HCMV induced end organ 
gastroenteritis (HG).
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and are required for HCMV entry into different cell  types28,29. Spontaneous mutations in any of these gene loci 
might be sufficient enough to generate structural variations in the protein complexes and modify cell tropism of 
the  virus29. The specific conserved region of the gL gene that has been amplified and sequenced corresponds to 
a topological domain on the virion surface involved in virus-cell interaction. Hence any genetic variability the 
gene shows in this region may point towards a functional variability for the gL protein itself. The phylogenetic 
tree revealed that the gL gene sequences from the retinitis (HR) group mostly clustered separately from that of 
the group with gastro-enteric disease (HG). Thus it may be suggested that a form of natural selection pressure 
is working on the clinical strains creating a divergence in their phylogenetic lineage thereby helping them adapt 
to the particular tissue microenvironment they are colonizing. To support our findings, we performed ENc and 
CAI analysis with the clinical and reference gL gene sequences. We found a significant difference in the mean 
ENc values of the HR and HG strains indicating a differential tissue specific adaptive fitness. The higher mean 
ENc values of the clinical strains indicate lower codon usage bias in the viral genome which probably helps the 
viruses to survive within the host by neutralizing the immunogenic pressure of the host. Significant differences 
in the mean CAI values between the two groups, HR and HG was also observed. A greater mean CAI value 
probably indicates a higher translational efficiency of the clinical strains resulting in host specific categorical 
evolution to survive in different physiological and immunological micro-environments. Significant structural 
variations in the mRNA secondary structures corresponding to the gL gene sequences of clinical HR and HG 
HCMV strains were also observed. These site-specific variations in the mRNA secondary structures might cause 
structural or functional alterations to the interacting domains of the viral surface protein thereby differentially 
modulating their existing affinity for the same cell surface markers and elicit differential immune responses at 
different tissue sites.

Conclusion
Our study was able to neatly define two essential markers for identifying clinically active cases of HCMV induced 
end organ retinitis and gastro-enteric diseases in HIV seropositive patients. The point at which we analysed the 
different markers was when HCMV induced EODs have already progressed. Hence the critical biomarkers that 
we have chosen are predictive of the current HCMV EOD state and can significantly differentiate between these 
two group of patients (HCMV induced Retinitis and HCMV induced Gastroenteritis) at a progressive state of the 
disease. Furthermore this study also showed the existence of genetic diversity among the HCMV strains causing 
either end organ retinitis or gastroenteritis among the HIV infected patients which might be the outcome of a 
possible selection pressure differentially acting on the viral genome helping them to adapt and infect different 
tissue sites, via distinctive modulation of the micro-environment.

Materials and methods
Patient selection. In this study we have chosen HAART naïve HIV1 seropositive patients (CD4+ T cell 
count < 400 counts/mm3) between 20 and 60 years of age with or without HCMV co-infection who visited the 
ART centre of designated metropolitan hospitals in the span of 2  years. The main focus was on identifying 
HCMV co-infected (PCR positive) HIV1 seropositive patients presenting either HCMV induced end organ 
retinitis or gastro-enteric disease at the time of admission. This forms our main target population with a total of 
26 individuals collected over a span of one year (15 with HCMV induced retinitis and 11 with HCMV induced 
gastro-enteric disease). Two other groups containing 25 individuals in each were chosen as controls. The groups 
were divided in the following manner; Group 1 (HIV1-HCMV co-infected patients who developed either end 
organ retinitis or gastrointestinal disease), Group 2 (HIV1-HCMV co-infected patients without any symptomatic 
end organ diseases), Group 3 (HIV1 infected patients without active HCMV infection).

Inclusion criteria. All HIV1 seropositive patients were chosen by the medical practitioners after carefully 
monitoring their health conditions, medical reports and clinical profile. To define “proven HCMV end organ 
disease” like retinitis and gastro-enteric disease, the presence of appropriate clinical symptoms and/or signs 
were confirmed together with documentation of HCMV in tissue from the relevant organ by histopathology, 
virus isolation, immunohistochemistry, or DNA PCR. HCMV positive patients were identified by amplifying 
HCMV DNA in blood using PCR. Molecular diagnoses of other opportunist viruses like HSV, HBV, HCV, HAV, 
and EBV as well as bacterial, fungal and protozoan cultures etc. were performed and only patients with negative 
results for all were selected in this study to avoid clinical contradiction.

Exclusion criteria. Patients who died during the follow-up tenure or for whom complete follow-up data set 
was unavailable were also later excluded. Moribund patients were excluded from the study.

Sample collection and patient data collection. 5–10 mL of EDTA (Ethylenediaminetetraacetic acid) 
anti coagulated peripheral blood was collected from patients in vacutainer tubes, processed immediately and 
serum was separated by centrifugation (1000×g for 10 min).

All patients were chosen and data from individual patients were collected by a dedicated medical practitioner 
directly related to this study. The case notes, charts, investigation results and treatment records of these patients 
were retrospectively reviewed and statistically analysed by a verified statistician.

DNA isolation from blood. QIamp DNA blood Mini Kit (Qiagen Inc., Hilden, Germany) was used as 
per manufacturer’s protocol to isolate whole DNA from the collected blood serum. DNA concentration was 
measured by measuring OD values using spectrophotometer.
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Qualitative PCR for detection of HCMV. Primers were designed to amplify the UL 83 and gB regions 
of HCMV genome using primer 3 online software and utilizing standard HCMV strain sequences as reference. 
The primers were obtained from Eurofins Genomics India Pvt. Ltd. The forward and reverse primers for UL 83 
were, 5′-GGG ACA CAA CAC CGT AAA GC-3′ and 5′-GTC AGC GTT CGT GTT TCC CA-3′. The forward 
and reverse primers for UL 55 (gB) were 5′-GGT CTT CAA GGA ACT CAG CAAGA-3′ and 5′-CGG CAA TCG 
GTT TGT TGT AAA-3′. The detailed procedure was performed as per protocol described in one of the previously 
published study from our  laboratory30.

Cytokine ELISA. Serum TGFβ, IL10, TNFα, IL-6, CRP, IFNγ, IL1β, IL7, MCP1, MIP1α, and CXCL10 
(IP10) levels were measured by using enzyme-linked immunosorbent assay technique kits from G-Biosciences, 
Geno Technology Inc., USA. All of these assays were designed to detect only human proteins even at very low 
concentrations. Manufacturer’s protocol was keenly followed while performing each assay.

Quantification of HCMV viral load. A quantitation standard curve was achieved by using six tenfold 
serial dilutions of a standard HCMV DNA with known viral load (copies/ml) purchased from ATCC. A 
conserved partial region of the HCMV UL 75 (gH) gene was amplified in each case and Ct value was measured 
in a real time PCR instrument (ABI 7500-Applied Biosystems). The detailed procedure was performed as per 
protocol described in one of the previously published study from our  laboratory30.

RNA isolation and real‑time polymerase chain reaction. TRIzol reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) was used to extract total RNA from the collected whole blood using standard isolation 
instructions. The isolated RNA was converted into cDNA following standard procedure using primescript 1st 
strand cDNA synthesis kit (DSS TAKARA Bio India Ltd.). 2 μl of cDNA was used for amplification in a total 
volume of 20 μl real time PCR reaction mixture with SYBR green dye (TB Green premix ex taq, DSS TAKARA 
Bio India Ltd.). The quantity of input cDNA was standardized by detecting GAPDH transcripts serving as 
internal control in the real time PCR assay. Relative quantification was done by determining the real time 
expression ratios of specific mRNAs using the  2−ΔΔCt method. Primer-3 software was used to manually design 
the real time primers in the laboratory using and the primers were obtained from IDT technologies INC, India. 
The reaction conditions and necessary parameters were standardized in the laboratory and have already been 
published  earlier30. All the primers that have been used in this study for real time expression have been listed in 
Supplementary Table 1.

Statistical analysis. Unpaired t testing and one way analysis of variance (normal distribution) was used 
for comparing differences between the groups. All results were expressed as mean ± standard deviation, unless 
otherwise indicated. When the distributions were not normal non-parametric analyses were performed. 
Comparison between individual groups was done using Bonferroni method along with ANOVA. Statistical 
significance among two groups was assessed by binary logistic regression. The level of significance was set at 
5% in all cases. All P values were two tailed. The SPSS software (version 16.0; SPSS, Inc., Chicago, IL, USA) was 
used to perform all the statistical analyses. Graph pad prism (ver.6) software was used to prepare all the graphs.

Gene sequencing. Sequencing primers were designed to partially amplify a conserved region of the HCMV 
UL 115 (gL) gene using primer 3 software from 22 clinical samples belonging to group 1 (11 patients with 
retinitis and 11 patients with gastro-enteric disease).The forward and reverse primers are as follows: 5′-GTG 
AGG TGT TTC AGG GTG ACA AGT ATG-3′ and 5′-ATT CCT TCA CTG CGT TGT ACA GGC -3′ respectively. The 
primers were obtained from Eurofins Genomics India Pvt. Ltd. Thermal cycler was used to amplify the specified 
region. These crude PCR products were outsourced to Agrigenome Labs Pvt. Ltd for Sanger sequencing. After 
obtaining the sequences they were analysed and submitted to NCBI gene data bank through sequin (GenBank 
accession no.s MT263152 to MT263173).

Phylogenetic analysis of the HCMV gL gene sequences. 22 nucleotide sequences corresponding 
to a conserved region of the HCMV gL gene were obtained from the clinical HCMV strains of Group 1(11 
from patients with retinitis and 11 from patients with gastrointestinal disease. 12 complete gL nucleotide 
sequences belonging to different geographic locations were retrieved from the NCBI RefSeq database as the 
reference sequences (Available at https:// www. ncbi. nlm. nih. gov/). The nucleotide sequences were aligned using 
 MUSCLE31 and the poorly aligned regions with more than 20% gaps were trimmed using  trimAl32. After that, 
phylogenetic analysis was performed based on Maximum-likelihood (ML) method. The bootstrap analyses were 
performed with 1000 replicates to determine the robustness of the individual nodes of the phylogenetic tree. 
Evolutionary analyses were conducted in MEGA-X33.

Analysis of codon adaptation index (CAI). Codon adaptation index (CAI) is a quantitative measure 
that predicts the highest relative adaptation of the viruses to their potential host. CAI is calculated using the CAI 
programmer available in EMBOSS package (http:// www. bioin forma tics. nl/ cgi- bin/ emboss/ cai)34. The reference 
dataset for Homo sapiens were retrieved from the Codon Usage Database (http:// www. kazusa. or. jp/ codon/).

Analysis of effective number of codons (ENc). The degree to which the codon usage deviates from 
the random selection is defined by the ENc value. The value also depicts the degree of preference for the non-

https://www.ncbi.nlm.nih.gov/
http://www.bioinformatics.nl/cgi-bin/emboss/cai
http://www.kazusa.or.jp/codon/
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equilibrium use of synonymous codons in the codon family. The ENc value were calculated using the chips 
programme available in EMBOSS package (http:// www. bioin forma tics. nl/ cgi- bin/ emboss/ chips)35.

Analysis of mRNA structure of the HCMV gL genes. Here we analysed the potential conserved local 
mRNA secondary structure of the partially sequenced region of the gL gene and compared the structural patterns 
between the two groups of clinical strains. LocARNA was used to generate the local structural alignment and 
consensus structure of the gL gene sequences from clinical and reference  strains36,37.

Ethical considerations. The present study and methodologies were approved by the scientific advisory 
committees (SAC) and certified by Institutional Ethics Committee (IEC) of ICMR NICED, Kolkata as well as all 
the associated hospitals in accordance with the 1964 Helsinki declaration.

Patient’s consent. Written informed consents were taken after explaining all associated positive and 
negative aspects regarding the study to each participating patient in languages at least one of which they 
understand clearly. Confidentiality of the provided medical and clinical information was maintained properly 
as per the standard guidelines.
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